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Annual Index—Journal of Chemical Education 


VOLUME 25, 1948 


The annual index for Volume 22 of the JourNAL or CuEmMIcAL Epucation is divided into two parts— 
an Author Index and a Subject Index, each alphabetically arranged. Letters (Ar), (B), and (C) have been 


used after the various items to designate, respectively: article, book review, and correspondence. 


The 


sections Out of the Editor’s Basket and What’s Been Going On are not indexed as to subject material, but 
contributors to these sections have been listed separately at the end of the Author Index. 


ABBOTT, CYRIL E. Demonstration of 
oxidation-reduction systems (Ar) 

ADAMS, Euiorr Q.—See Forsytue, 
WiiuraM E. 

ALBERTY, Rospert A. An introduction to 
caveengnente: Part I: methods and 
calculations (Ar) 

An introduction to electrophoresis: Part 
II: analysis and theory (Ar 

ALFREY, TurRNER, JR. Mechanical 
havior of high polymers: Vol. VI ( 

A.yEA, Husert N. Demonstration tech- 
niques (Ar) 

Amron, Irvine, AND Karout J. MyseE.s. 
Simplified correction of qualitative 
analysis unknowns (Ar) 

ANASTASSOFF, EMANUEL (C) 

AnscHu?z, RicHarp—See VON 
VICTOR. 

Arant, J. B. Process instrumentation in 
chemical cogipoering curriculum (Ar).. 

ARENSON, 8. Cc 

ASHFORD, > | oy The testing program of the 
Division of Chemical Education of the 
American Chemical Society (Ar) 

AvupnrieTH, L. F., anp 1nL. Recent 
developments in the chemistry of phos- 
phorus (Ar) 


RIcHTER, 


BACHELDER, MYRTLE C. A diagnos- 
tic test on the mastery of chemical cal- 
culations (Ar) 

E. K. Miscellaneous experiments 


Bauwasy, M. J. Porcelain enamel: 
manufacture and application (Ar) 
Bartar, Joun C., Jr., Kart F. Heumann, 
AND Epwin J. SEIFERLE. The use of 
punched card techniques in the coding 

of inorganic compounds (Ar) 

BaizER, MANUEL M. Undergraduate labo- 
ratory course in aromatic chemistry 
based on sequence syntheses (Ar) 

bane Ross A. New cryophorus forms 


Dynamic aspects of 


The 


BaLtpwin, ERNEST. 
biochemistry (B) 

BARNHART, CLARENCE L., Editor. 
American college dictionary (B) 

Beit, A. E. Modern practical chemistry 


(B) 
Bennett, H., Editor-in-chief. The chemi- 
cal formulary. Volume VIII (B) 
Bercem, Oar. Quantitative 

for premedical students (Ar) 
BERGMANN, Ernst Davin. Isomerism and 
isomerization of organic compounds 


analysis 


BERKEBILE, 
monoxide (Ar) 

BeRKEBILE, J. M., AND ArTHUR H. FR1gs. 
Preparation of ANTU (a-naphthyl- 
thiourea) from naphthalene (Ar) 

Betue, H. A. Elementary nuclear theory: 
a short course in selected topics (B).. 

BigreLow, Lucius A., WARREN C. Vos- 
BURGH, AND JOHN H. Saytor. Duke 
University (Chemical education in 
American institutions.) (Ar) 

Biatr, ALBERT Harotp—See Conant, 
JaMES BRYANT. 

Boas, Water. An introduction to the 
physics of metals and alloys (B) 

Boten, Marsor1E—See WEIL, i 

Bonner, Wiuu1am A, Visual demonstra- 
tions of efficiency in the washing of pre- 
cipitates (Ar) 

BRENNER, F.C. A new crystal model con- 
struction set (Ar 

Bunweree, Ray Q. 


M.—See 
1. Conductivity, 2. A time 


CRANDALL, 


217 
251 
493 


142 


336 
259 
412 
703 
471 
583 
605 


583 
342 


617 





AUTHOR INDEX 


Browne, C. A. Dr. Ernst Cohen as his- 
torian of chemistry (Ar) 

Buckxuies, Rospert E., AND STANLEY 
Wawzonexk. Small scale synthesis of 
2 Sy a gy acid (Ar)... 

But, H . 8.—See Reppick, H. W. 

BurcHarp, Joun. Q.E.D.—M.L.T. 
World War II (B) 

Burrorp, M. G1LBeErt (C) 

BureHarpt, ALDEN M. 
lurgy ( (Ar) 

Burk, R. E., aNp OLIver Grummitt, Edi- 
tors. Frontiers in chemistry. Volume 

" Chemical architecture (B) 


CAESAR, A. D.—See Rivise, CHARLEs W. 
CALINGAERT, GEORGE. uantitative an- 
alysis for prospective industrial chem- 
ists (Ar 
Cauuis, CLayton F. The ea of the 
heavy metal cyanides 
CAMPBELL, J. A. Rates of cousin (7. ee 
Structural chemistry (Ar) 
Structural molecular models (Ar) 
CAMPBELL, Top W.—See Stone, Hosmer 


Carr, Emma Perry. Mount Holyoke 
College (Chemical eee in Ameri- 
can institutions.) 

CARROLL, BENJAMIN, pei ALEXANDER 
LeurMaN. The electron configuration 
of the ground state of the elements 


Powder metal- 


(Ar 
CassARETTO, F. P. —See Evans, Warp V. 
CHANDLEE, . C. Pennsylvania State 
College (Chemical education in Ameri- 
can institutions.) 
Cuao, Tina-Pine, AND JEN-TsI 
Rarer elements i * qualitative analysis. 
I: tungsten (Ar) 
—Sain-Cu1a CHEN. 
enenee analysis. 


Rarer elements 
uranium 


CHEN, SAAS Aaa BA Cuao, T1nG-Pina. 
CLIPPINGER, Donautp R. Manual of quan- 
titative analysis (B) 

Correr, Tom. Matching the 
trained worker with his job 
Corrin, C. C. Experiments simulating 
first and second order gas reactions 
r 


science- 


James Bryant, AND ALBERT 
Harotp Buatt. The chemistry of 
opal compounds. Third ition 


(B) 

Conquest, V. On the permanence of 
your job as a chemist (Ar) 

ConsIDINE, Dove.as M. 

we (B) 

Corr, ArtHur C. Massachusetts Insti- 
tute of Technology (Chemical educa- 
tion in American institutions.) (Ar).. 

Cornoa, Jacos. Semimicro experiments 
in general chemistry (B) 

CorTe.you, Eruauine. Technical editing 
7 . career for Bachelors of Chemistry 

r 


Corwin, James F.—See Jones, Wiiutam S. 


Covustns, K. C.—See Stork, L. C. 

CRANDALL, GreorGE S., AND Berry M. 
Brown. An information service using 
bree hand and machine sorted cards 


Cranston, J. A. A rational approach to 
chemical principles (B) 

Crocker, Witu1aAmM. Growth of plants— 
twenty years’ research at Boyce 
Thompson Institute (B) 


DALLAVALLE, J. M. Micromeritics— 
the technalogy of fine particles. Sec- 
ond editio: 

DAUGHERTY, 
dispersion, 


Tuomas H. Sequestration, 
and _ dilatancy—lecture 


107 


517 


406 


demonstrations (Ar) 

Davipson, ARTHUR W. modern ap- 
proach to the teaching of electrochemis- 
try (Ar) 

Davis, Tenney L., Editor. Chymia, an- 
nual studies in the history of chemis- 
try. Volume I (B) 

The use and abuse of reprints (Ar)...... 

Dean, RoBERT Modern colloids: an 
introduction to the physical chemistry 
of large molecules and small particles 

DELMONTE, 


The 
adhesives (B) 

DeminG, Horace G. Fundamental chem- 
istry: an elementary textbook for 
college classes (B) 

Guinea pigs in the classroom (Ar) 
Demuta, H. Chemastery (Ar) 
Devor, ArtHurR W. (C) 

Dickinson, THomas A., West Coast editor. 
Plastics dictionary (B) 

Dorre, Donatp D., anv WiLut1aM L. Dunn. 
Duplicating industrial processes in the 
school laboratory (Ar) 

D Oeeaae. \ Criginal 

xperimental work (Ar) 

Dei ALCOLM F, Hope College (Chemi- 
ol education in American institutions.) 


technology of 


records 


Dewan, Rautpu E. A partial solution for 
freshman chemistry congestion (Ar).. 
Dom Witiram L.—See Dorre, Donatp 


Dunnina, Witsur G. The maximum use 
of the chemistry laboratory (Ar) 


EDELSTEIN, SIDNEY M. The role of 
chemistry in the oe of dyeing 
and bleachin 

EsReET, eee 
grades (Ar 

Seemtaneken ahh CETTEN (Ar) 
The role of electrons in interatomic rela- 
tions (Ar) 

Erprnorr, MAxwE.ut Letau. The search 
for at hydrogen isotope of 
mass three (Ar) 

Exper, Aubert L., Ew1ne C. Scort, anp 
Frank A, Kanpa, Textbgok’ of 
chemistry (B) 

Euts, CARLETON, GC M. W. Swaney. 
Soilless growth Of plants. Second edi- 
tion (B) 

Exvina, Paturr J. 

Emmons, CHESTER 
Cuaruzs E. 

Ratepn M. An introduction to 
color (B) 

Evans, Warp V., AND F. P. CassaRETTO. 
A modification of the Victor Meyer 
molecular weight apparatus (Ar) 


Introduction (Ar) 
Wy See SKINNER, 


FAWCETT, HOWARD. Hydrogen om 
fide—killer that may not stink (Ar).. 

Fernstsin, H. I. (C) 

Ferrerra, Ricarpo CARVALHO. 
— and allotropic forms of sulfur 

r 

Fintincer, Harristt H. The effect of 
temperature on reactions in gels—an 
honors course problem (Ar) 

Finpuay, ALEXANDER. Chemistry in the 
service of man. Seventh edition (B).. 

Fink, Couin G. Fundamentals in applied 
astegeheuiatry EE cu cede ora cecea 

Finney, . Probit analysis: ‘a statis- 
tical treatment of the Sigmoid Response 
Curve (B) 

Fisner, Virainta W. pea rm guid- 
ance in high-school chemistry (Ar).. 
ForsytHe, WiuiiiamM E., aNp ELLIOT Q. 
Apams. Fluorescent and other gaseous 

discharge lamps (B) 


35 


511 
115 


642 
90 





708 


Francis, R. J.—See Hicks, 8. 

FRENCH, Stpney J. The need for a new 
approach to science teaching (Ar) 
FRIEDENBERG, E. Z., AND Orto M. Smiru. 

Adapting a college chemistry course to 
student need (Ar) 
Fries, ARTHUR H.—See BeRKEBILE, J. M. 
Fuutton, Joun F., anp Evizasetn H. 
THOMBON. Benjamin Silliman, path- 
finder in American science (B) 
Furman, N. Howeiy. The introductory 


course in quantitative analysis (Ar).. 
Furnas, C. C., 
dustry (B) 
F a. REYNOLD C.—See SHRINER, RALPH 


Editor. Research in in- 


GARARD, IRA D. An introduction to 
organic chemistry. Third edition (B). 
GARRETT, B. Proficiency in general 
chemistry (Ar) 
en A step to understanding 


ore DON, "A. ‘G. The dissociation energies 
and spectra of pratomte | ae Ney my ts)... 
Grips, Tuomas R. P., Jr. Hydrides (Ar).. 
GiuueETTE, E. C., JR., "AND F. S. Rose. 
placement of halogen (Ar) 
GriLtmont, Roger (C) 
GLASSTONE, SAMUEL. 
and valence (Ar) 
—See LarpueER, Kerrtu, J. 
GLockeER, GEORGE, AND Rusy C. GLOCKLER 
Chemistry in our time (B) 
GLockLeR, Rusy C.—See GLOCKLER, 
GEORGE. 
Goparp, H. P.—See Spooner, R. C. 
GorckeL, Henry J. A universal hydro- 
gen-ion indicator (Ar) 
Gorepp, RupotpH MaAxmiLian, JR.—See 
PigMANn, WILLIAM WaRD 
Goerzet, C. C.—See Scowarzkorr, Paut 
Goopwin, Rosert D. (C) 
—— Sprtuane, Leo J. 
a ‘Paramagnetic relaxation 


Oxidation numbers 


Ronautp P. The gepetioay of a 
chemistry department (A 
Gray, Dwicnat E. Aaking “Seahunboad Te- 
ports understandable (Ar) 
Grummitt, OLiver—See Burs, R. E. 


HAHN, F. L. (C) 
HAKALA, Reno W. (C) 
A simple still- head (Ar) 
Hatt, Marian DRAKE. 
scents (Ar) 
manggees, Davip—See WorTHING, ARCHIE 


Dollars from 


i. 

HammMeraquist, W. L. Producing an alloy- 
ing —“% of high purity (Ar) 

HarTLavs, G. Ichemisten und rosen- 
kreuzer, A AT ws von Petrarca bis 
Balzac, von Breughel bis Kubin (B)... 

Hasuett, A. 8S. W. The chemical signifi- 
cance of the gram test for bacteria (Ar). 

HAvuBEN, Saut S., AND RicHarp 8. SIEGEL. 

modification of the demonstration of 

the Ostwald process (Ar) 

Hauser, Ernst A. Gelation and gel struc- 
tures 


(Ar) 
Havusner, H. H. 
Haw ey, Gessner G. 

story of colloids (B) 
HazLtenurst, Tuomas H. 


Powder metallurgy (B).. 
Smdll wonder—the 


Phenomena at interfaces—hanging bub- 
bles and rolling drops (Ar 
Heat, Frep H. Apparatus for the semi- 
micro test for a carbonate (Ar) 
sanaen, Karu F.—See Bariar, Joun C., 


R. 
Hicxinsottom, W. J. Reactions of or- 
ganiccompounds. Second edition (B). 
HickMAN, JAMES B. Objective determina- 
tions of freezing points (Ar) 
Hicks, J. 8.; assisted by R. J. Francis. 
a pressure laminating of plastics 


(B) 
Hiaesie, H. H.—See Reppick, H. 
Hraains, Grorce C.—See ay! THOMAS 


HILDEBRAND, Joe, H. Ammonia as a sol- 
vent—an example of the application of 
existing theory (Ar) 

— of chemistry. Fifth edition 


(B) 

Hi, O. F.—See Auprreta, L. F. 

Hitt, Terrevt L. Derivation of the com- 
plete van der Walls’ equation from 
statistical mechanics (Ar) 

Horr, Artruur G. Secondary 
science teaching (B) 

Horrman, BanesH. The strange story of 
the quantum (B) 


school 


213 


681 


299 
587 
407 


238 


258 


113 


296 
632 
226 


229 
229 
465 


45 


179 
353 
252 

73 


405 
163 


642 


Houmes, Epwarp O.,Jr. Anew type high- 
capacity general chemistry laboratory 
and lecture hall (Ar) 

Hovcen, Ovar A., AND KENNETH 
Watson. Chemical process principles. 
Part Il: thermodynamics (B) 

Hoveen, Oxvar A., AND KENNETH 

'ATSON. Chemical process principles. 
Part III: kinetics and catalysis (B).. 

Hunt, Gitpert J.—See VAN RYssEL- 
BERGHE, PIERRE. 

HUNTINGTON, R.L. The practice of safety 
in _ chemical engineering laboratory 


Hourp, Dasuan T. Notes on the formation 
and stability of complex ions (Ar 

Huston, Raven Cuase. A correlation of 
some physical properties of alkanes and 
alkenes (B) 


JACOBSON, C. A., Compiler and Editor. 
Encyclopedia of chemical reactions. 
Volume II 

James, Tuomas H., AND GrorGeE C. Hic- 
Gains. Fundamental of photographic 
theory (B) 

Jounson, A. W. The chemistry of the 
acetylenic compounds. Volume I: 
the acetylenic alcohols (B) 

JoHNSON, MARTHA. Quantitative analysis 
for home economics majors 

Jounson, Martin. Time, knowledge, and 
the nebulae (B) 

JOHNSON, WARREN C. The University of 
Chicago (Chemical education in Ameri- 
can institutions.) 

Jones, FRANK L. Research records in the 
small laboratory (Ar) 

Jones, W. Norton, Jr. Laboratory exer- 
cises in inorganic chemistry ( 

Jones, WILLIAM S., AND JAMES F.. Corwin. 
Color photomicrography for the under- 
graduate chemistry student (Ar) 

JorisseN, W. P. The use of phosphores- 
o— calcium sulfide by the Bacchantes 


Jorman. AUSTIN. 
ing aids (Ar) 


KALICHEVSKEY, V. A. (C) 

Kanpba, FRANK _ —See ELprer, ALBERT L. 

Karrer, Pau Organic chemistry. 
Third English edition (B) 

Keenan, A. G. The relation between the 
B. and Langmuir multilayer 
adsorption equations (Ar) 

KesseLt, W. G. Energy  aetieeal 
tion without oxygen (Ar) 

Industrial advertising as a source of infor- 
mation (Ar) 
Some reactions using test tubes (Ar).... 

KIEFFER, WILLIAM he use of elec- 
tronic structure in interpreting chemi- 
cal reactions (Ar) 

KILLEFFER, . The genius of indus- 
trial research (B) 

Kina, Cecii V. (C) 

Kina, L. CARROLL, AND RutH E. Pererson. 
The use of egg albumin to demonstrate 
colloidal phenomena (Ar) 

Kintror, Water. Laboratory experi- 
ments with chemical warfare agents 


AND Donatp F. 
Encyclopedia of 
Volume I: A to 


r) 
Raymonp E., 
THMER, Editors. 
chemical technology. 
anthrimides ( 
KuickstTe1n, HERBERT S., aNnp Henry M. 
Leicester. Charles Albert Browne as 
an historian of chemistry (Ar 
Kune, Cuarues H., Jr. Selective place- 
ment of chemists and chemical engi- 
neers through industrial training pro- 
grams (Ar) 
Knicut, Opon 8. Quantitative analysis 
for chemical engineering students (Ar). 
Kose, Kenneta A. Teaching fundamen- 
tals for a varied chemical industry (Ar). 
KoxKatnur, VAMAN Chemical warfare 
in Ancient India (Ar) 
Kotrtuorr, I. . Beginning course 
quantitative analysis (Ar) 
—vV. A. Stencer. Volumetric analysis. 
Volume II (B) 
Kowa.txe, Orro L. Fundamentals 
chemical process calculations (B). 
Kvueuner, A. New tough films ‘and 
bubbles (Ar). 
Kuun, WerNeER. Physikalische chemie. 
Third edition (B) 


( 
Kirk, 


LAIDLER, KEITH J., anp Samuet Guas- 
STONE. Rate, order and molecularity 
in chemical kinetics (Ar) 

LANE, JoHn C.—See WEIL, B 

LANsFoRD, W. M.—See Reppicx, BW. 

Lappin, GERALD R. An improved semi- 
micro distilling tube (Ar) 


JOURNAL OF CHEMICAL EDUCATION 


318 
101 
300 


391 


685 
375 


115 


299 


666 
261 


Larpy, Henry A. Vitamins and carbo- 
hydrate metabolism (Ar) 
LerrterR, Maruin T. Abbott Labora- 
tories notebooks (Ar) 
LEHRMAN, ALEXANDER—See 
BENJAMIN. 

Leicester, Henry M. Mendeleev and 
the Russian Academy of Sciences (Ar). 

—See KiIcksTEIN, vee = 

Lemay, PieRRE, AND RAL OxEsPER. 

} a Eugéne Choose i786. 1889) 
Ar 

LeRoy, Luis F. A quantitative demon- 

stration of Graham’s Law of Diffusion 


CARROLL, 


(Ar) 
lane. WaRNER—See ScHWARZKOPF, 


“ ALEXANDER 8. Nomography 


Lt, K. C. AND Cuuna@ Yu WANG. 
sten. Second edition (B) 

LittLe, Rosert W., Editor. 
ing textile fabrics (B) 

Lorine, Husert 8.—See Luck, J. Murray. 

Luck, Morray, Editor; Hvuserr 8. 
Lorine aNnp GoRDON MACcKINNEY, 
Associate Editors. Janel review of bio- 
chemistry. Volume XVI (B) 

Luper, W. F. Contemporary pee 
theory (Ar) 


MacDONALD, NORMAN 8. A potential 
energy model for displacement reac- 
tions (Ar) 

Mackey, C. O.—See Reppick, H. W. 

MACKINNEY, Gorpon—See Luck, J. 
Murray. 

MacNevin, Wittram MarsHauu. Ad- 
ministrative and teaching problems of 
large classes in quantitative analysis 


Quantitative analysis—the science of 
measurement in chemistry (Ar 
Theodore George Wormley ae Ameri- 
can microchemist 1826- 1807 (Ar). 
Mateapy, N. he chemical engineer; 
his role in electrical manufacturing (Ar) 
Maweea. Cc. The water-soluble gums 


Markey, Kuare S. Fatty acids, their 
chemistry and physical properties (B). 

Marion, ALEXANDER P.—See WHITTAKER, 
Rouanp M. 

MaRsHALL, Mapison L. Errors of meas- 
urement with the slide rule (Ar) 

Martin, Donatp Ray. Lecture demon- 
swenane of electrochemical reactions 


MatrHews, Freperic L. Application re- 
search in industry (Ar) 

Mazuyer, G.—See Naves, Y. R. 

McALpinE, R. K. Changes in pH at the 
equivalence point (Ar) 

McCuLE.LLanp, Reviewing of tech- 
nical books—the minimum require- 
ments (Ar) 

Mcluroy, RosertJ. The chemistry of the 
polysaccharides (B) 

McKeeuan, Louis W. Yale science, the 
first hundred-years, 1701-1801 (B)... 

McKrnuey, Luoyp. Inorganic chemical 
nomenclature (B) 

MELDRUM, WILLIAM B. Demonstrations 
using a divided projection cell (Ar).. 

Demonstrations using the ferroxyl re- 
agent (Ar) 

Mazen, M. G. Quantitative analysis 


Moe.twyn-Huaues, E. A. The kinetics of 
reactions in solution. Second edition. 


MoeEsveE pn, A. L. Tu. 
of Ernst Cohen (Ar) 

Moorg, Cart E, The determination of 
vitamin C as a means of teaching iodi- 
metry (Ar) 

Moraan, Artur E. (C) 

Morre.i, Wiuu1am E. The experimental 
yy for the study of atomic structure 


Monee, Epna C. College chemistry in 
nursing education (B) 

MuuuemMan, GeorGe W. A useful lecture 
demonstration gadget (Ar) 

Mysets, Karou J.—See Amron, IRVING. 


NAIMAN, BARNET. The Brénsted con- 
cept of acids and bases in quantitative 
analysis (Ar) 

Navutu, Raymonp. The chemistry and 
technology of plastics (B) 

Naves, Y. R., anp G. Mazvuyer, trans- 
lated by Epwarp Saaarin. Natural 
perfume materials: a study of con- 
on resinoids, floral oils and pomades 


262 
99 
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Neat, Raymonp E. Chemistry in nursing 


NELSON, ARTHUR F. Potassium soap—soft 
or hard? (Ar) 

NIEUWLAND, JuLius A., AND RICHARD 
ry Voat. The chemistry of acetylene 


NortrHey, Etmore H. The sulfonamides 
and allied compounds (B) 

Norturop, F. S. C. The logic of the 
sciences and the humanities (B) 

Norton, Francis J. model mass spec- 
trometer (Ar) 

1. Experiments with silicones, 2. A model 

mass la ee (Ar) 

NOYEs, . A., Jn. The University of 
Rochester (Chemical education in 
American institutions.) 


OCCHIALINI, G. P. S.—See Powe, C.F. 
a Rar E. A royal practical joke. 
r : 

Alwin Mittasch (Ar) 

Hans Eduard Fierz-David (Ar).. 

Karl Ziegler (Ar) 

—See LeMay PIERRE. 
OrHMER, DonaLp F.—See Krrx, RayMonp 


Orro, ‘Cart E. Preparation of ammonium 
monosulfide from ammonium poly- 
sulfide. (Ar) 


PARSONS, IAN H. 
tion elements (Ar 
PavLina, Linus. General chemistry (B).. 
Payne, Neviis M. Patent terms in some 
langna.es other than English (Ar).... 
W. 


Color and the transi- 


PP* ty STANLEY—See PiaMan, W. 

PERLMAN, I. The transuranium elements 
and nuclear chemistry (Ar) 

Perry, J. A hemical Russian self- 
taught (B) 

PETERSON, E.—See Kina, 
CARROLL, 

PreiL, Ropert W.—See Rawson, VINTON 


Pieters, Irn. H. A. J. Veiligheid en 
chemie (safety and chemistry) (B).... 
Pieman, W. W., a OLFROM, AND 
STaNLEy Prat, editors. Advances in 
: aelpatenay chemistry: volume II 


—Ruvpotph Maxminian Goepp, Jr. 
Chemistry of the carbohydrates (B)... 
Porter, JOHN Bacterial chemistry 
and physiology (B) 
PoweE.., C. F., anp G. P. S. Occurauint. 
Nuclear physics (B) 
PRANDTL, WILHELM. Chemical caricatures 


RAWSON, VINTON R., anv Rosert 
. Prett. A demonstration model of 
atomic structure (Ar) 
Ray, _ Priyadaranjan. 
ancient India (Ar) 
The theory of valency and the structure of 
chemical compounds (B) 
Reppick, H. W., W. M. Lansrorp, C. O. 
ACKEY, H. H. Hiasre, anv H. 8S. 
Boutu. Waterbury’s handbook of engi- 
neering—with tables. Fourth edition 


Selecting research prob- 
R lems ee eee Soe 
EILLY, Desmonp. John William Malle 
(1832-1912) (Ar) / 
REIMERs, Hans A. A system of graphics 
for chemical compositions (B) 
Rivet, E, K., and ten collaborators. 
loid science, a symposium ( 
Rrvisz, Cuar.es W., anp A. D. CAgsar. 
Patentable chemical inventions (Ar).. 
RoBERrTson, G. Ross. Examinations in the 
nar of elementary organic chemis- 


r 
Rosg, F. 8.—See Gituerrs, E. C., Jr. 
es RoBerRT The Junior Colleges. 
(Chemical education in American insti- 
tutions.) (Ar) 
utrs, CHartes L. Simple demonstration 
polarograph (Ar) 


SAHYUN, MELVILLE, Editor. Proteins 
and amino acids in nutrition (B) 
SaTTERLY, JoHN (C) 


704 
379 


58 
522 
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be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled “Chemical Drawing” [‘I. Fundamentals of | 
chemical drawing,’ J. Cuem. Epuc., 11, 21-3 (1934); “II. § 
Conventional representation of materials and equipment,” ibid., 
11, 23-7 (1934); “III. Arrangement of drawings,’’ zbid., 11, 
154-8 (1934); “IV. Charts, graphs, and diagrams,” ibid., 11, 
235-41 (1934); “V. Photographs,’’ zbid., 11, 546-50 (1934).] 

5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Special rates 
for reprints in 6” X 9” page-size may be had upon application to 
the Business Manager, Mack Printing Co., 20th and Northamp- 
ton Sts., Easton, Pa. hy 
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7 eventually go to college. 


Ir woutp sero that if there is any one thing thing 
upon which we can be united it is the fundamental 
American principle of equality of opportunity. The 
blood that has been shed to establish and preserve this 
principle should have been sufficient to wash away our 
differences; but even this is now a source of contention. 
Perhaps we are too preoccupied with the even greater 
issue between individual human rights and social re- 
sponsibilities. 

Nevertheless, there are occasional outcroppings of dis- 
satisfaction over the inefficiency of our education sys- 
tem, at its failure to select and differentiate, plotting the 


7 same early educational course for the future doctor, 


lawyer, minister, scientist, soldier, truck driver, house- 
wife, and coal shoveler. We treat all our boys and girls 
as though they were to be among the one per cent who 
This is not only wasteful but 
actually robs the ninety-nine per cent of the kind of 
training and experience that would best fit them for 
their future life. 

A nine-man “Commission on Life Adjustment Edu- 
cation for Youth” has been established to consider this 
problem. Starting with the assumption that for many 
boys and girls the traditional high-school curriculum is 
largely obsolete, the Commission recommends large 
doses of work experience, guidance, leisure time activ- 
ities, consumer education, health and safety work, and 
practical citizenship. It is supposed that life adjust- 
ment courses will differ from school to school, area to 


area, and from individual to individual; a study of 
“Great Books” may be a good life-adjustment prepara- 
tion for some, for others a strictly academic college pre- 
paratory course. 

Notwithstanding that critics of ‘modern education” 
will decry this as a move to “soften” our educational 
system, the principle itself is sound. We need to take 
more notice of individual differences, and we need to 
give more attention to helping the individual find his 
place in society and fitting him to occupy it to his own 
satisfaction and to society’s best interest. 

There is danger, of course, of a regimented system 
which will bend the individual too early into an arbi- 
trary pattern, without allowing him to exercise his free- 
dom of choice or to exhibit his capacity for filling a 
larger place. Yet this need not be the case. The best 
interests of both the individual and the social order will 
be best served by an efficient adjustment of the one to 
the other. 

Here is one aspect of the biggest problem of the day— 
the clash between individual and collective interests. 
If it is handled intelligently and efficiently the ‘edu- 
cational approach may be a small step toward the so- 
lution of the more difficult adjustments in the economic 
and political fields. If equality of educational oppor- 
tunity can be reconciled with vocational guidance for 
life adjustment there is some hope that,we may find a 
way of relieving the social pressure upon individual 
rights and initiative. 





WILHELM OSTWALD 


To vue average student of chemistry of this genera- 
tion, the name of Wilhelm Ostwald means simply 
“the founder of physical chemistry.” A second 
thought, if any, associated with the dates of books on 
chemistry with which he may be familiar, might leave 
the same student with the impression that Wilhelm 
Ostwald must have died long, long ago. 

To the student of art, the same name would stand 
for the originator of the most thoroughly scientific and 
comprehensive scheme for the classification of colors 
that has ever been devised. In fact, so good is this 
system—so much better than the competitive system 
which is given the preference in American schools—so 
sufficient to establish the fame of the originator of it, 
that the two students might well engage in a friendly 
argument that this Wilhelm Ostwald could not possibly 
be the same person. 

Some chemists, especially those that never knew him, 
are willing to concede Ostwald’s contribution to physi- 
cal chemistry and to electrochemistry, but they then 
dismiss him with some remark—patronizing, pitying, 
or contemptuous—about his “throwing over chemistry 
for philosophy.” A few with similar leanings who had 
studied in Germany (and some Germans, themselves), 
perhaps imbued with the idea of omne ignoto pro magni- 
fico, are awed into thinking that in making such a diva- 
gation, Ostwald had “chosen the better part.” And 
still others, snap-judging the man by the products of 
that glorified trade-training which passes for ‘‘educa- 
tion for [some of] the professions” today, are inclined 
to dismiss him as a high-class “‘jack-of-all-trades” who, 
‘“f he really dabbled so seriously in all those other fields 
could not have been much of a chemist, after all.” 

So it was with mixed feelings, aroused by this welter 
of confusing opinion, that this study was undertaken,? 
to determine who and what Wilhelm Ostwald really 
was, as a scientist, as a philosopher, and especially as a 
person. ‘The tendency to gloss over Ostwald’s life and 
accomplishments after he abandoned his work in pure 
chemistry—done with a finesse that varies in effect be- 
tween gently drawing a veil and slamming an iron 





1 Presented before the Division of History of Chemistry at the 
111th Meeting of the American Chemical Society, Atlantic City, 
New Jersey, April 14-18, 1947. 

2 This paper was originally prepared as a special assignment 
for a class in Philosophy of Education at New York University. 
It has been considerably revised and enlarged for presentation 
here. 
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door—served only to whet curiosity, fan a desire to re- 
construct the fabric of the work of his mind and hands, 
and thus trace, if possible, the evolution of mental proc- 
esses that led to so unusual a shifting of interests. 

For such intimate matters, no better source of in- 
formation could be found than “Lebehslinien’’ (18), 
This 3-volume autobiography of Ostwald, was pub- 
lished in 1927, just five years before he died. Not in 
mere vanity, but in unselfconscious, objective appraisal 
of his great contributions to human culture, he dedi- 
cated the first two volumes To German Youth and the 
third To the German People. Together they constitute 
a remarkable memorial to another of that group of “Ti- 
tans of Chemistry,” along with Wéhler, Liebig, Hodf- 
mann, Baeyer, and the many others who established 
19th century Germany as the Fatherland of Science. 
Certainly this work shows that the author should not 
be considered as ‘‘dead [even] to science after 1905.” 

It is not the purpose of this paper to present just an- 
other biographical sketch of Ostwald. The details of 
his personal life and his contributions to science have 
been too well presented by others, better qualified 
(1, 4, 5, 6, 35, 36, 38, 39), but a few facts should be re- 
viewed as background. 


EARLY LIFE 


Friederich Wilhelm Ostwald was born of German 
parents in Riga, Latvia, in 1853. He was the second 
of three sons, and to anyone that dedicated his life toa 
study of exact science and certainty, it must often have 
been subconsciously if not actually disturbing that the 
date was not fixed. Latvia, being at that time a prov- 
ince of the Russian Empire, followed both the 
calendar of the Greek Catholic Church (Schismatic) 
and the old Julian Calendar which was still official for 
Russia. According to the earlier reckoning, the date 
was August 21; by the newer reckoning, it was Sep- 
tember 2, and the latter date is generally given. 

Students of genetics might find material for research 
in Ostwald’s intellectual heritage. His grandfather 
and father were coopers—the latter also a minor local 
official—and his mother was the daughter of a poor 
baker. They both, however, made the most of native 
gifts and good intelligence and strove to give their boys 
opportunities that had been denied to themselves. 
They read a great deal, followed the theater and other 
arts, and sent young Wilhelm, at the age of six, to the 
best available school. 
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Successively he attended an elementary State school, 
the Realgymnasium at Riga, and the Technische Hoch- 
schule at Dorpat. Curricula and subject matter seem 
to have been at the mercy of divided and strongly com- 
petitive authority, for the older so-called cultural edu- 
cation of old Russia was struggling to maintain su- 
premacy in face of a rising tide of favor for the more 
modern, so-called practical methods of Germany. Stu- 
dents were thus tossed about like a political football, 
emerging with an odd combination of a little physics, 
chemistry, and mathematics; four languages (Latin, 
Russian, French, and English); and a little natural 
history. The school at Riga was the only one of the 
prevailing ‘Latin schools” to offer even a smattering of 
science. 
home to the young Ostwald by the early death of a 
dear chum, which made him realize how inadequate 
and biased was an “education” that gave students no 
practical knowledge of physical and mental health and 
of the mere facts of living. 

Deficient as it was, Ostwald’s early education—and 
his extracurricular interests in music and art—laid the 
foundations for practically all the interests he was to 
follow in later life. His first contact with chemistry 
was through an old text, ““Die Schule der Chemie” by 
Stéckhardt (1846), but the almost catastfophic re- 
sults of an amateurish attempt to make fireworks 
taught him that to accomplish anything worthwhile he 
needed much more than a recipe and an earnest desire. 
Toward the sketching and painting which later became 
his most beloved hobby, he made his earliest contri- 
bution in the paints that he had to compound for him- 
self, with the help of a friendly neighboring pharmacist. 
To foster his interest in photography he had to make 
everything from the collodion for his plates to his cam- 
era itself. Even the writing, through which as au- 
thor and editor he has made an indelible mark in the 
history of science, fulfilled the promise shown in an 
early handwritten periodical and an abortive attempt 
to compose’a deathless romance. 

To one seeking first causes and trends, all these var- 
ied interests and tendencies indicated one thing in 
common—an abundance of that energy, the study of 
which in all its manifestations and transformations 
was to become one of his major interests in life. 

Ostwald spent ten years at Dorpat, as student, assist- 
ant, and finally privat-dozent. He has made some 
shrewd—frequently caustic—comments on the various 
teachers to whom he was obliged to look for wisdom in 
many branches of study. For two of them, however, he 
always had only the best and deepest feelings of esteem 
and gratitude: Karl Schmidt, who taught him chemis- 
try, and Arthur von Oettigen, who taught him physics. 
Later he was successively an assistant to both. 


BEGINNING OF HIS SCIENTIFIC WORK 


His work at the Dorpatsche Hochschule was mostly in 
inorganic chemistry, yet Schmidt, who admittedly 
knew practically nothing of the then newly developing 
organic chemistry, assigned him a problem in the syn- 
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thesis of indigo. This was sent for criticism to Adolf 
Baeyer in Germany, but when the latter rejected it, 
Ostwald forthwith dropped all interest in synthetic or- 
ganic chemistry. 

His first published writing was ‘“‘On the chemical mass 
action of water,” which appeared in the Journal fur 
praktische Chemie in 1875 (Vol. 120). 

Ostwald’s studies in physics showed him the need for 
considerably more knowledge of higher mathematics. 
To the textbook of Karl Snell, from which he undertook 
to tutor himself, he cheerfully gives credit not only for 
most of the sound mathematics he acquired but also for . 
being directed toward his later study of philosophy. 
His interest in chemical transformations led him to 
measure densities, loss of heat in solutions, and equiva- 
lents of heat and chemical activity. In the total 
lack of devices and methods, he created his own. His 
knowledge of mathematics showed him both that his 
results were correct and that he was‘actually engaged 
in a field of research that had never been touched by 
previous investigators. This gave him his first taste of 
success and earned him a Mastet’s degree in 1876. 

As a privat-dozent he could join the inner circle of 
scientists at Dorpat. He became interested in the dual 
system of harmony in music and took up the study of 
such different instruments as the violin and the bas- 
soon. Before long, however, he was forced to admit 
that his zeal was much greater than his ability and he 
finally yielded to the urging of his colleagues that he 
stick to science. He had already established his pat- 
ternnot to expend-any energy on any interest or oc- 
cupation once he learned he could not excel in it. 


ORIGIN OF PHYSICAL CHEMISTRY 


Physical Chemistry came formally into existence in 





the course of lectures that Ostwald established at the 
Dorpatsche Hochschule in 1876. The designation was 
not new as it had been used for a textbook as early 
as 1857 (2). After the very first lecture he be- 
gan to collect notes for a textbook of his own, based 
first on his lectures and experiments and then broaden- 
ing them to cover all available references in both 
chemistry and physics, in German, French, and Enz~ 
lish. 

Continuing his investigation of physicochemical prob- 
lems Ostwald undertook an exhaustive study of the 
measurements of density, refractive index, and chemical 
affinity of all the acids known and available to him. 
No one had ever even conceived the idea of such a 
study, much less ever had the glimmer of an idea of how 
to go about anything of the kind. Again he had to de- 
vise all his own apparatus and methods. For his ac- 
complishment, and the publication of the orderly table 
which set forth the whole project, he was granted his 
coveted Doctor’s degree in 1878. 

Although he had solemnly promised himself that he 
would never marry, he became engaged the following 
year to Helene von Reyher, whom he had met through 
evenings of musical recreation. Marriage was out of 


the question, however, until he should be earning more 
money. He tried to combine a commercial laboratory 
position with his teaching, but was so disgusted with 
the antiquated, self-satisfied incumbent of the director- 
ship and the extremely backward working conditions 


that he felt obliged to abandon the post almost at once. 
A happier choice of a position in one of the public secon- 
dary schools, although it deprived him temporarily of 
the companionship of older minds and potential re- 
search workers like himself, did at least improve his 
financial status, and he was married in the spring of 
1880. 

Contact with younger minds, however, gave Ostwald 
the opportunity he never quite had at the Dorpatsche 
Hochschule, namely, the chance to instill his newer 
ideas into his pupils, and thus assure the broadening of 
his own beliefs on chemical theory. This may well 
have been the secret of his wonderful ability to explain 
things, as manifested in the simplicity and clarity of all 
his writings. His published articles had gone far, but 
for years they seemed to make no impression. He 
wrote rather bitterly of the treatment accorded his work 
by Berthelot, the French leader, who made free use of 
his publications with little or no credit. Until this 
time, the Freneh had sincerely believed that chemistry 
was a French science (was it not the heritage of their 
own eminent Lavoisier?), and they always looked with 
scorn or suspicion on any new ideas about chemistry 
that might emanate from any other country. 


REMOVAL TO RIGA 


In 1881, Ostwald was appointed as professor of chem- 
istry at the University of Riga. He had a miserable 
laboratory in the basement of a building but he made 
the best of it. He once more devised all his own ap- 
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paratus and methods, and wrote a laboratory manual 
for his students. 

Through a strong desire to see how other laboratories 
were constructed and conducted, and because the pro- 
fessorship at Riga seemed to demand a broadening of 
his contacts in scientific circles, Ostwald made his 
first trip to Germany during the winter holidays of 
1882-83. Years before, when he had applied for a 
traveling fellowship and been denied it, he had felt 
slightly crushed at first, but then reacted rationally, 
He fully realized that, had he gone, he would have been 
caught in the maelstrom of experimental organic chem- 
istry which was then whirling through Germany, 
would have become just another satellite of Baeyer or 
Hofmann, and sacrificed recognition for his own origi- 
nal and unique work. His fame having spread 
through publications, he could afford to visit his learned 
contemporaries, most of whom were well known to him 
through his study of the history of chemistry and their 
published contributions to science. 

The recounting of this journey and of the famous 
learned ones whose acquaintance he made reads like a 
conducted tour through a portrait gallery of “Who's 
Who in 19th Century Chemistry.” He made it a 
point to attend classroom lectures of some of the most 
famous of*the teachers; and before he left Berlin he 
was honored with an invitation to address a regular 
meeting of the German Chemical Society—on his own 
subject. The meeting was an agreeable disappoint- 
ment to most of his audience, the secret of this being 
that although most of the famous organic chemists of 
the day knew nothing of his branch of physical chem- 
istry, Ostwald had a good grasp of, and had actually 
done considerable work in organic chemistry. He met 
Helmholtz, also this great teacher’s greatest pupil, 
Hertz, and attended meetings of the Physical Society. 

The importance of physical measurements in ehem- 


‘istry, the relationships of chemical activity, heat, and 


other forms of energy, and the gradually increasing 
momentum of a body of thought toward energy as a 
common source of scientific phenomena, were not new. 
In fact, it was “in the air.” An English investigator, 
M. Pattison Muir, at Cambridge University, had pub- 
lished in the Philosophical Magazine (September, 1879) 
a review of all the work that had been done on chemical 
affinity from the time of Torbern Bergmann, the Swed- 
ish chemist of the late 17th century, and Berthollet 
(1803), to and including the work of Ostwald. Fur- 
ther early work had been done by: J. R. Mayer, who 
first, in 1842, published his fundamental discovery of 
the mechanical equivalent of heat, thus establishing the 
study of thermodynamics—which Ostwald in his own 
time soon translated into Energetics. 

Others whose earlier or contemporary investigations 
were all converging toward a common objective were: 
Robert Clausius 1822-88, who stated the second law of 
thermodynamics; William Thomson (Lord Kelvin, 
1824-1907) who developed it; and the American, J. 


Willard Gibbs (1839-1903), whom Ostwald helped to fe 


bring into deserved public recognition, through a trans- 





Un 
outel 
tigati 
the k 
Svan 
when 
wife 
ceive 
on th 

Fr 
time, 
him 3 
and f 
Arrhe 


i thus | 


fesslo 
1927. 
tacts 

and § 
Norw 


JANUARY, 1948 


lation of Gibbs’ “Thermodynamic Studies” (1892). 
ASSOCIATION WITH ARRHENIUS AND VAN’T HOFF 


Until about a year after Ostwald’s first visit to the 
outer world he was practically alone in his field of inves- 
tigation, but in 1884 he was suddenly made conscious of 
the brilliant paralleling researches of a young Swede, 
Svante Arrhenius, of Stockholm. On the same day 
when he was suffering from a bad toothache, and his 
wife was presenting him with a new daughter, he re- 
ceived by post the reprint of an article entitled “Studies 
on the conductibility of electrolytes.” 

From the first two disturbances he recovered in due 
time, but the last persisted for many days and caused 
him many sleepless nights. Finally his scientific and 
and personal curiosity prevailed and he set out to visit 
Arrhenius and learn more of his work. The friendship 

j thus established continued in happy personal and pro- 

fessional association until the death of Arrhenius in 
1927. The visit marked another broader circle of con- 
tacts with the scientific world, because from Upsala 
and Stockholm, Ostwald returned home by way of 
Norway and Denmark, where he made the acquaint- 
ance of many other famous professional colleagues in 
both chemistry and physics, who had heretofore been 
known to him only by name. 

Ostwald prevailed on Arrhenius to go to Riga and 
work with him, and from this fortunate association re- 
sulted much advancement of their joint interests. Af- 
ter nearly a year had passed the similar chance arrival 
of the reprint of another article, “Studies of chemical 
dynamics,” brought these two into 
contact with Jacobus H. van’t Hoff, of 
whom neither of them had heard, but 
who was to become the third member 
of a later famous triumvirate of scien- 
tific crusaders. In fact, the introduc- 
tory reprint showed Ostwald that in 
the applications of thermodynamics to 
chemical problems, the author of it had 
already progressed farther than he had. 

In 1885, after many years of labor, 
the first part of Ostwald’s ‘Lehrbuch 
der Allgemeinen chemie” (/9) appeared. 
It was a completely new organiza- 
tion and presentation of the subject 
matter. As always happens in any‘at- 
tempt to force unwelcome scientific - 
truths on an unready world, Ostwald’s 
“New chemistry” met with considerable 
concerted opposition, both through 
being silently ignored by those that 
could have helped to promulgate it, and 
by open ridicule and shabby treatment 
in public sessions of scientific meet- 
ings. The battling had the unavoida- 


wald as editor of the newly established Zeitschrift fur 
phystkalische Chemie, of which the first number appeared 
in February, 1887, with the name of J. H. van’t Hoff 
as co-founder and editor.(14). 


CALL TO LEIPZIG 


Editorial work by remote control—that is, trying to 
edit a periodical printed in Leipzig from a desk in 
Riga—promised to be both arduous and unsatisfactory. 
After one issue, however, Ostwald was invited to Leip- 
zig, and he soon saw himself, at thirty-four about to 
continue his career from the acknowledged vantage 
point of one of the greatest universities of Europe. 

Ostwald remained at Leipzig for eighteen years, dur- 
ing which period he firmly established both the delimi- 
tations of his field of physical chemistry and the rela- 
tionships of this field to other branches of science which 
border on it. He accomplished a prodigious amount of 
original work and his laboratory became a mecca for 
enterprising graduate students from all over the world. 
The first American to arrive was Morris Loeb; Albert 
A. Noyes was next. Some other well-known students 
from this side of the Atlantic among Ostwald’s earliest 
students were Wilder D. Bancroft, G. W. Coggeshall, 
William J. Hall, W. Lash Miller, James L. R. Morgan, 
Theodore W. Richards, and J. E. Trevor. Some of the 
later group were S. L. Bigelow, Frederick G. Cottrell, 
Colin G. Fink, Arthur B. Lamb, G. Victor Sammet, 
E. C. Sullivan, Willis R. Whitney, and J. H. McBain. 

As these and many others brought his teachings back 
to their own students or to their own continued re- 
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ble result of making him better known, 
80, whether or not they liked him, his 
professional colleagues could not hon- 
tstly oppose the appointment of Ost- 


Front row: Eustace Carey, Charles F. Chandler, Rudolph Messell, William H. Nichols, 
William Ramsay, Thomas Tyrer, Thomas J. Parker. 

Second row: Frederick B. Power, Ira Remsen, Wilhelm Ostwald, S. Lewkowitsch, Herman 
A. Metz, Virgil Coblentz. 

Top row: Marston T. Bogert, Sir Max Muspratt. 





search, he saw his influence permeating into many un- 
anticipated applications. He always felt that the num- 
ber of teachers among his graduates gave him a great 
advantage over Berzelius, who often expressed regret 
that most of his students had come as older men with 
their ideas fixed and their minds not receptive. His re- 
search in thermodynamics—or energetics—continued, 
supported by the force of continued discoveries of van’t 
Hoff, Arrhenius, and others, and the unexpected corrobo- 
ration of such famous mathematicians as Max Planck 
and Georg Helm. 

The new learning also permeated Ostwald’s own lec- 
tures, articles, and textbooks, necessitating frequent re- 
visions or rewriting to fit established knowledge to the 
newer theory, and vice versa. Following the last part 
of the “Lehrbuch” in 1887 (the ‘‘Great Ostwald”’) came 
the ‘“Grundriss der Allgemeinen Chemie” in 1889 (the 
“Little Ostwald”), which has appeared in five editions 
to date, and has been translated into many languages, 
including Russian and Japanese. 


CATALYSIS 


Beginning in 1891, after being interested in it since 
1883, Ostwald devoted several years to the study of 
catalysis which, happily, he could associate with ener- 
getics. Despite disagreement among his followers, 
he is generally believed to be the first to under- 
stand the nature of catalytic reactions. Ostwald, him- 


self, considered this his greatest contribution to chem- 
istry, and for this work he was awarded the Nobel 


prize for chemistry in 1909. 

One vitally important industrial application of Ost- 
wald’s work on catalysis was the synthesis of ammonia 
(1900) and of nitric acid (1901). These accomplish- 
ments freed Germany from the fear of being cut off from 
Chile, source of the natural nitrates, in event of war. 

In 1893 appeared ‘Die wissenschaftlichen Grund- 
lagen der analytischen Chemie,” the work that was 
to revolutionize the study of analytical chemistry. 
Whether or not it was admitted openly at the time, all 
analytical chemistry soon was taught in terms of physi- 
cal chemistry; such topics as the conductivity of 
solutions, electrolytic dissociation, heat equivalence, 
and the transference of heat and chemical energy soon 
became an integral factor of the patter of general 
chemistry. Within a few years a continuous stream 
of books was either in press or in plan. 

In 1894, a new interest was offered, through the es- 
tablishment of the Electrochemical Society, of which 
Ostwald became the first president. Through the activ- 
ities of this new society in its attempts to place uni- 
versity graduates in industrial positions, official State 
Examinations were initiated, which made minimum 
standards compulsory for all technical schools, and thus 
helped to ensure competence in those that were to be 
employed in industry. 


CLASSIFICATION OF THE SCIENCES 


Of increasing importance as a sideline of interest was 
a study of the organization or order of the sciences. 
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From his hobby of studying the history of science Ost. 
wald had evolved a scheme of his own, quite different 
from the artificial and arbitrary classifications passed 
on from Aristotle and Newton. This interest inspired 
him to. start (1889) the publication of his famous 
“Kiassiker der exakten wissenschaften,” of which two 
hundred and forty-three little volumes had been pub- 
lished by 1938. The first in the series is “Uber die 
Erhaltung der Kraft,” by Helmholtz, originally pub- 
lished in 1847. Others cover various phases of different 
branches of science from mathematics to physiology, 

Ostwald’s own classification grouped the sciences in 
three divisions: order, energy, and life (14). To the 
first group belong: logic (within mathetics,) mathe- 
matics, geometry, and kinematics; to the second: 
mechanics, physics, and chemistry; and to the third: 
physiology, psychology, and sociology. These were 
arranged as follows: 





SOCIOLOGY 
PSYCHOLOGY 
PHYSIOLOG 





ENERGY |MECHANICS - PHYSICS — CHEMISTRY 

















LOGIC - MATHEMATICS - GEOMETRY - KINEMATICS 











OSTWALD’S PYRAMID OF THE SCIENCES 


In this concept the breath of each layer corresponds to 
extent and the height corresponds to content, of each. 

Further considerations bring out that each branch of 
science exists in the pure and in the applied form, the 
second presupposing a knowledge of the first. Each 
general science is prerequisite for those with richer con- 
tent that stand higher. “Thus, to practice physics one 
must know mathematics; but one may be an outstand- 
ing chemist without a knowledge of the sociological 
sciences, and a good mathematician or logician without 
knowing chemistry. The diagram raises many interes- 
ting questions and suppositions. 


PHYSICAL BREAKDOWN 


So much pure “head work’’—thinking—without any 
of the physical work that accompanies chemical investi- 
gations or any least bit of physical exercise in recrea- 
tional sports, led inevitably to a state of exhaustion, 


which, if Ostwald would have admitted it, actually} 


amounted to a complete breakdown by the end of 
1895. His father had always taught his sons that “the 
will makes everything possible.” *As his own thinking 
on the nature of mental reactions had not been com- 
pletely codified and clarified, he failed to recognize the 
warning symptoms as physiological, which they really 
were. Never having known any change of mental 
activity except from one kind of work to another, he 
proceeded to aggravate his condition by forcing his 
“will” to continued thinking. Only the persuasive pow- 
ers of a kind medical friend saved him from certain 
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disaster, and caused him to regain his balance by a 
change of interest and occupation. 

Drawing on one of his many hobbies, Ostwald liked 
to find his recreation and ‘‘change of mind”’ in painting 
and sketching from nature. Wherever he went his 
box of paints went along, and he considered a trip lack- 
ing if he could not produce something tangible as a re- 
membrance of things seen. At this time he took sev- 
eral months’ leave of absence, extended his circuit of 
travel, visiting all corners of Germany, and later Aus- 
tria, Switzerland, and Italy—even the far-off Isle of 
Wight. 

He recovered his physical health and returned to the 


:@ university in September, 1896, but he soon began to 


realize that he was losing—had actually lost—his de- 
sire for work in chemistry. This was at first quite dis- 
tressing, but he rationalized it by recalling that many 
distinguished scientists—notably both members of that 
famous devoted pair of chemists, Liebig and Wéhler— 
had experienced and weathered similar feelings of be- 
ing “tired of chemistry.” He was only glad that he had 
laid a firm foundation in other interests. 


BIRTH OF ENERGETICS 


The first of these was energetics. Ostwald’s own 


story of his development of the ideas of energetics 
places the hour of its birth in 1890. As mentioned be- 
fore, the concept was not new, even to him, because he 
had learned and taught the laws of the conservation of 


energy in his earliest days. The more he thought 
about it, however, the more important it became, and 
the more he tried to organize his thoughts on it. Fi- 
nally, to set a stamp of some sort on all his thinking, he 
had chosen as his opening lecture at Leipzig, the sub- 
ject: “Energy and its transformations” (73). 

The association of energetics with physical science 
had come about logically through application of the 
work done by “the triumvirate”’ (Arrhenius, van’t Hoff, 
Ostwald), but the association with biological science was 
not so easily determined. Ostwald found himself think- 
ing more and more about early work of J. R. Mayer, 
who first conceived the idea of such an association 
through watching the hard labor, and noting the result- 
ant sweating of slaves at work, and even of draught 
animals. Further concrete aid came through a visit to 
the physicist, E. Budde, in Berlin, who was planning to 
write a textbook of physics in terms of Ostwald’s theo- 
s ries. Following a long evening’s conversation with 
Budde, as he could not sleep much, he rose early, went 
to the neighboring zoo, and sat alone in the beautiful 
morning sunshine. He claims to have experienced his 
“flash of genius” in one of those golden moments—“a 
veritable descent of the Spirit””—which gave him insight 
into the whole concept of world order,“. . . as if he had 
suddenly landed in paradise with an exhaustive treatise 
from which he could give everything its right name. . .”’ 

Feeling—and according to his friends also looking-— 
completely transfigured, he started quietly but rapidly 
to reorganize his thoughts on his work in terms of 
his new enlightment. Everything seemed to fit per- 


fectly. He proceeded still cautiously, but seized the 
opportunity afforded by the demand for a second edi- 
tion of his great textbook to revise it completely in terms 
of his new thinking. It brought together for the first 
time a unified concept of electricity and electrochemis- 
try, making possible a continuity of thought on this 
subject frém the earliest theories to the latest provable 
discoveries of his friends, Arrhenius and van’t Hoff. 
His organized thinking led him into the whole study 
of reality, of the nature of matter, and all related con- 
cepts. Reality had formerly been associated only with 
material substances and objects; but Ostwald believed 
that after order, number, time, and space, energy logi- 
cally followed as a general concept. If, he argued, his 
pen, paper, desk, room, house, and the earth were all 
realities, why was not also the light, by which he could 
illumine the darkness of his room with one flip of his 
finger? And if so, why not also the thoughts that he 
could generate in the cells of his brain, by which he 
activated what his hand wrote with the pen on the pa- 
per, etc.? He associated the whole flow of thought with 
Mayer’s law of the conservation of force (energy) which 
could be applied to everything, whether or not it could 


- be seen, measured, or otherwise fitted into the earlier 


accepted standards. To the question, “What proper- 
ties has energy?” he answered, ‘Everything there is.” 
The thought that he early formulated as his Energetic 
Imperative—that is “Squander no energy; utilize it!” — 
was, he felt, his best help through his daily living (1, 
13, 20). 

He expected opposition, and he found plenty of it. 
The feeling that existed between the professors of 
science and of natural philosophy at the time brought 
doubt, questioning, and unfavorable criticism from 
both sides. Aside from the interpolation of certain 
passages in the introduction to his textbook, Ostwald 
felt he could bide his time, and his reward came in the 
gradual realization that the work of Planck, Clausius, 
Hertz, Maxwell, Gibbs, Réntgen, and other all fitted in- 
to the general scheme, and actually tended to turn into 
the same theory. 


EXCURSION INTO PHILOSOPHY 


The broadening of his interests brought Ostwald into 
friendly contact with his professional associates in the 
other faculties of the university, notably Wilhelm 
Wundt, the founder of physiological psychology. 
They had become acquainted by correspondence sev- 
eral years earlier, and closer association strengthened 
Ostwald’s interest in philosophical considerations and 
in the applications of his theory of energetics to biology 
and psychology. Through the fame of his lectures and 
laboratory work, Ostwald’s influence increased both at 
home and abroad. He was invited to take part in 
scientific meetings in England and eventually became 
as well known there as in his own country. Through 
usage, his early difficulties with the language were over- 
come, and he was soon willing to lecture in English. 

Ostwald placed his public espousal of philosophy in 
the year 1900, when he first gave a lecture on Natural 








OSTWALD'S SYSTEM FOR CLASSIFYING COLORS 


(a) Cones, in which the triangles represent one pure shade and two vari- 
ations in the complete cycle of eight basic colors: yellow, orange, red, violet, 
ultramarine blue, turquoise blue, sea green, leaf green. W, white; B, black; 
C, color. 

(b) Cross section of half of figure atleft. Single letters represent succession 
of values from white through grays to black; pa, pure color at periphery. 
All intervening combinations mean variants in shade, each designating some 
specific proportion of white, black, and color. Opposite side of cross section 
would show same letters in corresponding positions for complimentary color; 
i. e., yellow-ultramarine, orange-turquoise, red-sea green, violet-leaf green. 


Philosophy. From a set of such lectures, he wrote two 
books which were well received, and one was soon trans- 
lated into English (23). This work brought him the 
attefition of William James, of Harvard, and there fol- 
lowed many invitations to attend and address the meet- 
ings of philosophical societies and to contribute to their 
publications. 

He brought to these expressions the same kind of 
serious thinking that he had devoted to chemistry and 
physics. He undertook even more seriously to formu- 
late some order of the sciences and determine inter- 
relationships among them. Philosophy, for example, 
as a major field of study comprises logic, aesthetics, 
and ethics, and he proceeded to subject these to careful 
analysis. He considered aesthetics a field of applied 
psychology; and ethics a field of applied sociology. 
To confirm his interest in his new studies, he estab- 
lished and became editor of a new periodical, the 
‘Annalen der Naturphilosophie (1901). His book of 
“Lectures on Natural Philosophy” (1902) (30) is dedi- 
cated to Ernst Mach, whom he considered to be the one, 
of all the persons he then knew, that had most strongly 
influenced him. 


AMERICAN VISITS 


Ostwald was made an honorary member of the Ameri- 
can Chemical Society in 1900, one of the earliest of 
many honors conferred on him by foreign countries. 
He first came to the United States in 1903 at the invi- 
tation of Jacques Loeb, to visit the University of Cali- 
fornia and deliver a lecture. In deference to the inter- 
ests of Loeb, the subject chosen was “The relations be- 
tween physical chemistry and biology” (28). He re- 
turned the following year (1904), to take part in the 
International Congress of All Arts and Sciences during 
the St. Louis World’s. Fair, where he addressed one of 
the philosophical groups. 

All these distractions and jauntings from his posi- 
tion at Leipzig caused dissatisfaction on all sides—the 


JOURNAL OF CHEMICAL EDUCATION 


Administration, his colleagues, the students, and in 
himself—so he decided to make a clean break and re- 
sign from the university. Just as a major crisis was 
developing, Ostwald was appointed by the Kaiser him- 
self as the first Exchange Professor to be sent to Har- 
vard. This was the result of a growing criticism of an 
“imbalance in education,’’ caused by the preponder- 
ance of American students that went to Germany for 
graduate work, as against practically none that came to 
this country for the same reason. 

Early in 1905, Ostwald, his wife, and their two 
daughters arrived in Cambridge. There he gave gen- 
eral and special lectures at the university and numerous 
others at various colleges and before scientific and 
philosophical organizations.(17). His associates at 
Harvard were William James, Josiah Royce, and Hugo 
Miinsterberg. Of all of these, as well as of President 
Eliot, his own former pupil, Theodore W. Richards (of 
the department of chemistry), and others, the record 
gives good descriptive sketches of their appearance and 
personality. 


VARIED INTERESTS 


The year was soon over and he returned to Germany, 
first to settle his family in a lovely new home, ‘‘Land- 
haus Energie,”’ at Gross-Bothen in Saxony; and then 
to devote himself to his various professed interests— 
energetics, school and university affairs, scientific 
methods, organization of science, world language, inter- 
nationalism, pacifism, and color. His interest in each 
and every one of these subjects was not the superficial 
smattering of the dilettante, but the sober and whole- 
hearted participation of the trained investigator who 
makes each study a major problem to be solved to the 
best of his ability. . 

During the next few years—until the outbreak of the 
World War in 1914—Ostwald drew most, perhaps, on 
his remarkable ability as an organizer. Although he 
was not teaching chemistry and was primarily occupied 
with philosophy, his interest in science had not abated. 
His first great project was the establishing of a National 
Bureau of Chemistry which was eventually realized in 
1910 as the Kaiser Wilhelm Institute. 

Another interest was an organization called briefly 
Die Briicke, which was planned to foster closer cooper- 
ation among branches of industry and between pure 
and applied science. Among the results of these 
efforts, the format of: technical journals was standard- 
ized, and a system was devised for naming and 
classifying colors. 


INTERNATIONAL ASSOCIATIONS 


Ostwald served for years on the International Com- 
mission for Atomic Weights. Two systems had been 
observed (based on H=1 and O= 16) but in 1906 the 
single standard, O= 16, was adopted. Ostwald served 
on this Commission continuously, publishing the tables 
himself from 1916 to 1932. 

Further evidence of his great interest in international- 
ism was shown by his cooperation in the establishing 
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(1911) of the International Association of Chemical 
Societies. Initiated by representatives of England, 
France, and Germany, it attracted representatives from 
most of the other countries and plans were soon. laid for 
standard chemical nomenclature, standard format for 
journals, and a world language for science. 

As part of the Association of Chemical Societies, 
Ostwald planned an International Institute of Chem- 
istry. He found in Ernest Solvay, the Belgian indus- 
trialist, a kindred soul who offered to endow the pro- 
posed Institute and who also was interested in “social 
energetics.” 

‘The idea of a world language was nothing new. By 
Ostwald’s time two—Volapiik and Esperanto—had 
been introduced. In him the realization of a great 
need for something of the kind had evolved through 
his teaching of so many foreign students, and his 
visits to so many international meetings. The 
study and use of foreign languages seemed a 
serious waste of energy. Ostwald had always been ex- 
tremely critical of the German schools for their over- 
emphasis on the study of languages. He felt this was 
responsible for considerable mental aberration. While 
he was at Harvard he had studied Esperanto. As this 
later proved to be unsuitable he created a new artificial 
language, called Ido. This was intended to be the in- 
ternational medium for standard scientific nomencla- 
ture and literature. He donated half of his Nobel 
prize to the furthering of this work, and it was progress- 
ing slowly when the start of the War swept it all away. 

Associated with Ostwald’s interest in philosophy was 
that aroused by the movement for Monism,? founded by 
Ernest Haeckel in 1906. He was the leader of the 
group of Monists from 1910 to 1914. He wrote 
many essays and sermons on problems of ethics, formal 
religion, and antiquated philosophy (22, 27). The 
Monistenbund of Austria celebrated his 60th birthday 
(1913) by publishing a commemorative issue, recount- 
ing his many accomplishments (8). All this activity, 
too, was swept away by the War. 

As an ardent pacifist, Ostwald considered war the 
most horrible waste of energy. He had regularly at- 
tended all the great peace congresses and had addressed 
several sessions. His most earnest plea was for volur- 
tary disarmament. The outbreak of the World War 
was a great shock to him. He took no part in it, al- 
though his plant for making nitrates was taken over by 
the government. 


PROFESSION OF ART 


With the world around him shaken to its founda- 
tions, Ostwald found consolation in peaceful pursuits 
and, beginning in 1914, he started on the last phase of 
his active creative life—the scientific study of color. 
Having long been interested in the art he now studied 
the history and the theory of color, devised’ units for 
measurements, invented the necessary instruments, set 


the standards, wrote his own texts (9, 10, 40), and in- 
troduced a curriculum for the study of color in the ele- 
mentary schools. On this one subject he wrote sixteen 
books, and established and edited a periodical. He 
considered his work on color his greatest contribution 
to human culture.. If there were many that believed 
that Ostwald should have received the Nobel prize for 
peace, even he believed his work on color merited the 
same prize for physics. 

In writing of his reasons for abandoning his research 
in pure science and giving up the university, Ostwald 
said that when one reaches the top of any profession, 
there are only two ways to proceed: either to try to 
stay at the top and run the risk of falling off and being 
crushed by the rushing feet of younger, active followers; 
or while still at the top to step aside from such a dan- 
gerous place and, if one feels sad at giving up what has 
taken the best years of one’s life, to be prepared with 
other means of using one’s mind and time. He, him- 
self, certainly need never have feared that he would find 
either his mind or his time idle. The riches of his 
mental resources always ensured copious reserves. 


CONCLUSION 


No one should call Wilhelm Ostwald merely a jack- 
of-all-trades, or a dilettante in anything he undertook. 
His native German thoroughness made him study any- 
thing exhaustively, once he considered it worthy of his 
attention. He had a remarkable memory and an ex- 
ceptional gift for grasping a concept or a project as a 
whole. Although he had great personal charm—a mag- 
netic personality—there seems to have been little re- 
lieving lightness in him, little real sense of humor. 

In testimony of this is an incredibly heavy analysis, 
complete with mathematical equations, of the nature 
of happiness. In one version,‘ G stands for the amount 


G=k(A —-W)(A+W) 


of happiness; A for procedures (energy expended) wel- 
come to the will; W for unwelcome disagreeable ex- 
periences associated with resistance; and k the factor 
for transforming the energetic process into the psy- 


chological. The explanation is certainly something 
that has to be seen (and studied intentky) to be believed; 
but Ostwald adduces proof that it works, and for such 
different conditions as the desire for drink and the ec- 
stasy of religious belief. 

If Ostwald never apologized for what many thought 
(and think) was a defection, a perfidious abandoning of 
a sacred trust and responsibility, he was always willing 
to explain it. He firmly believed that life can be pro- 
longed by a change of mental activity, and from his 
study of history and of men, he had many examples to 
prove it. His book, ‘Grosse Manner” (16), is an origi- 
nal, extremely interesting, and thought-provoking study 
of the biology of genius. 

Wilhelm Ostwald’s life was his own, and it was his 





’ The doctrine (1) that there is only one kind of substance or 
ult imate reality; (2) that reality is one unitary organic whole 
with no independent parts. 


4 This is in ‘“Lebenslinien,”’ Vol. III; Slosson (36) gives an- 
other formula, G = EF, — W2. The explanation and deductions 
are about the same. . 
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privilege to do as he wished. If he had retired from 
chemistry to the top of a column, like St. Simeon Sty- 
lites of old, or, like some modern celebrities, to sit on a 
flag pole or stagnate in a mausoleum full of junk, one 
might condemn him as a renegade who gave up some- 
thing for nothing. His prolific writings are eloquent 
testimony against any such accusation. By the time 
he left the University of Leipzig (1906) he had written 
about twenty-five books and literally thousands of 
articles, reviews, abstracts, etc. (4). That output 
would be considered a full career by many a healthy 
professor and researcher. What many of the older 
generation—those that have been ignoring Ostwald as 
“dead to science after 1905’”—may not know is that he 
wrote about ten more books on chemistry after that 
date. He continued to edit his Zeitschrift until 1922; 
his editorial ‘‘swan song”’ is a fine review of the period 
covered by the first hundred volumes. 

Other publications include about twenty books on 
philosophy and energetics; about thirteen on biog- 
raphy and biology; and as mentioned before, sixteen 
on art. Too few of the long list of his books have been 
translated, which is unfortunate because almost with- 
out exception each work is excellent of its kind. His 
last book, “Goethe the Prophet,’’ was published in 
1932, just before Ostwald died. It was characteristic 


of him that when he left his home on March 31, 1932, 
to go to the clinic at Leipzig, all his painting equip- 
ment was left in perfect order, ready for work when he 


should return. But he was not to return to it; he died 
on April 4. 

Today, almost exactly fifteen years afterward, may 
be too soon to try to appraise this truly great mind and 
its truly prodigious contribution to the life and living 
of his time. This investigator—of the middle gener- 
ation and without prejudice—who undertook this study 
originally by request, has continued to read on and on 
whenever time permits, and almost envies the now up- 
growing and future generations to whom Wilhelm Ost- 
wald is merely a name on a textbook. Sooner or later 
some of them will have to rediscover the treasury of 
“Ostwaldiana” in the libraries and draw on it for a 
whole series of dissertations on this or that phase of the 
life and accomplishments of this man whose versatility 
was greater than that of Leonardo da Vinci with whom 
he has been compared (36). 

Viewed objectively, as presented by himself through 
his autobiography and his other voluminous writings, 
Wilhelm Ostwald stands out as a phenomenal combi- 
nation, not only of the scientist and the philosopher, 
also of artist, linguist, and writer, who squandering 
no energy, but conserving it, applied his major interests 
to one another. As the founder of both a branch of 
science and a system of philosophy he seems to be quite 
unique—at least this slice of history will probably not 
see his like again. 
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departments for the specialized work with only certain 
minimum requirements imposed by the faculty. There 
shall be not less than forty-eight semester hours—40 
per cent of the total requirement for the degree—in the 
field of concentration, with not less than twenty-four 
hours in the major department. To avoid over- 
specialization in one department there is a limit of not 
more than thirty-six hours in a single department unless 
under special conditions, such as honor work. The 
faculty hopes in this way to avoid the twin dangers of 
too much scattering on the one hand and too great 
specialization on the other, and this is substantially the 
framework within which the department of chemistry 
has organized its work for more than a decade. 

In an institution such as this, chemical education is 
not and cannot be a highly specialized technical course 
of training for specific types of chemical work. It 
seeks rather to lay the foundation in chemistry and the 
related work—physics, mathematics, and German— 
upon which a student may build her specialized pro- 
fessional work. The number of courses which a stu- 
dent takes is less and the actual material covered is more 
limited than is ordinarily the case with an under- 
graduate in a university or technical school, yet when 
our students go to graduate school, medical school, or 
industrial laboratory they must compete successfully 
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with students of more extensive training. The mini- 
mum requirements of the American Chemical Society 
Committee on Professional Training represent the 


Vacuum Spectrograph 


maximum number of hours which our curriculum allows 


in one department. It is our problem, therefore, to de- 
vise ways and means whereby we can provide the stu- 
dent with the most effective scientific training within 
the limited time. It is an ever-present problem with 
no completely successful solution to report, but it may 
be of value to review briefly some of the factors which 
in my judgment have been influential in shaping our 
policy. : 

Probably the greatest single advantage that the col- 
lege offers in comparison with the university is that of 
small classes and a very natural and easy relationship 
between student and instructor. It has been our policy 
for many years to have the most experienced teachers 
in the beginning courses. Our laboratory sections do 
not exceed fifteen students to an instructor or assistant 
and this laboratory teaching is never left to graduate 
assistants alone. There are ordinarily about one hun- 
dred students in the beginning course and around fifty 
in the course for students with adequate high-school 
or preparatory-school training. Each of the members 
of the department takes a laboratory section of three 
hours and one discussion class per week in one of the 
two freshman courses. These small sections meet 
together twice a week for lectures and the general plan 
for the course is the lecturer’s responsibility, but the 
courses are very definitely cooperative affairs. The 
weekly general chemistry conference, where all—gradu- 
ate assistants and members of the faculty—discuss the 
problems of the past week’s work and the plans for the 
next assignment, have been invaluable aids in training 
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good teaching assistants and in giving to the course and 
the department a certain unity of purpose. Each of us 
is responsible for one of the more advanced courses in 
the department but this common interest in the ele- 
mentary work brings us all in touch with the younger 
students and gives to the work a human interest and an 
intellectual stimulus which is difficult to attain where 
chemistry must be taught by mass production methods. 

Expensive of skilled personnel, yes, but this has been 
met in considerable part by a department organization 
that frees the teaching staff from the time-consuming 
care of equipment, preparation of the laboratory, and 
the general mechanics of laboratory management. 
That was an idea taken over from Dr. Alexander 
Smith at Chicago and later at Columbia when he turned 
over the laboratory “‘business” to Dr. Thomas B. Freas. 
Our department has an Assistant Director, who had 
majored in chemistry and has made laboratory manage- 
ment her profession. This means that the teaching 
staff is relieved of this behind-the-scenes work and has 
made possible the continuation of some research with 
our fairly heavy teaching schedules. 

For more than twenty years Mount Holyoke has had 
a system of general examinations which are given to 
seniors at the end of their college course. This is an 
all-day examination which covers all the work of the 
major subject. Although the department has never felt 
satisfied with the types of examination which we have 
given, nor with the results, for that matter, yet the 
examinations are undoubtedly valuable to the students 
as encouraging a more mature correlation of their differ- 
ent courses and as an incentive to more thorough work. 

Another factor which has had a marked influence on 
the quality of our undergraduate work is what is known 
as Honors Work, the system by which a student whose 
general college average at the end of her junior year is 
85 per cent may, with department approval, undertake 
independent work on a special problem during the senior 
year. Since physical chemistry is a senior course and 
the department strongly advises the course in qualita- 
tive organic analysis as a prerequisite for honors work, 
the time for special problems is limited. This varies 
from six to nine hours,but these hours may be in excess 
of the 36-hour major as limited by faculty action. 
Each problem is under the supervision of a member of 
the faculty and is often a segment of a larger research 
project to which graduate students and other members 
of the department may contribute. The extensive 
study of unsaturated hydrocarbons and, more recently, 
a project of the Office of Scientific Research and De- 
velopment in the synthesis of new antimalarials are ex- 
amples of the larger problems to which the honor stu- 
dents have contributed. The number of students who 
work for honors varies from year to year. This year 
there are nine; rarely are there less than four. The 
value is not alone to the student in getting this intro- 
duction to research methods; she prepares a carefully 
documented report of her work in the form of an honors 
paper which is bound and kept in the department li- 
brary and takes a special honors examination. There 
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is a very real value also to 
the members of the depart- 
ment in that the direction 
of honors problems and 
Masters theses keeps us 
alert and interested in pro- 
ductive research. 

The department has de- 
veloped over the years a 
method of advising major 
students in their junior and 
senior years in the election 
of courses, which is again 
rather expensive of time 
but is possible where we 
have had from fifteen to 
twenty-five major students 
fromeach class. Instead of 
delegating the advising to 
one or two members of the 
department, we get together 
as a group around the li- 
brary table and twice a 
year discuss with each stu- 
dent individually her plan 
ofwork. Theopinionswhich 
are expressed may some- 
times be conflicting. So 
much the better for the stu- 


dent, as it must be her own decision in the end. Our staff 
has represented widely different backgrounds both in the 
undergraduate and graduate training; Vassar, Mount 
Holyoke, Bryn Mawr, Randolph-Macon have had 


representatives over a long period of years. And it is 
a notable list of university teachers—Alexander Smith, 
J. U. Nef, William McPherson, Wilder Bancroft, 
Julius Stieglitz, E. P. Kohler, and T. B. Johnson, to 
mention but a few—whose methods and inspiration 
have been handed on to the young Mount Holyoke 
chemists. 

The number of undergraduate courses which the 
department offers has been reduced to a minimum as a 
part of the college policy, and the general nature of the 
courses conforms to the standards set by the American 
Chemical Society Committee. According to the new 
curriculum of the college the basis of the beginning 
course is to be broadened so that it may. better serve the 
student’s general education and cultural development, 
but it will continue to lay the foundation for advanced 
work in the department. For freshmen whose score in 
the College Board Achievement Test in Chemistry and 
the Mathematical Aptitude Test is satisfactory there is 
a course in qualitative analysis which lays special stress 
on the theoretical principles. 

The second semester of quantitative analysis departs 
from the usual procedure in giving the student an intro- 


- duction to micro methods and some experience in instru- 


mental analysis. The crowded condition of our physi- 
cal chemistry laboratory with thirty-one students this 
year has necessitated the use of small-scale apparatus 


High-Pressure Hydrogenation Apparatus 


for several of the experiments. The results have been 
so satisfactory that hereafter these will be used by 
choice rather than necessity. The year course in bio- 
chemistry is given in the Department of Physiology by 
an organic chemist and there is a prerequisite of three 
years of chemistry. This course therefore meets the 
requirements of the A. C. S. Committee without adding 
hours to our limited major. Inasmuch as the college 
does not offer specialized vocational training such as 
home economics there is no demand for courses which 
are directed toward special needs of other departments. 

The graduate work for the M.A. degree was intro- 
duced as early as 1910 with the primary purpose of 
making the assistantships in the department more at- 
tractive to able students. It was something of an ex- 
periment for an undergraduate college at that time but 
has become a very general practice and we count it one 
of our most successful ventures. Of the 63 young 
women who have taken the M.A. degree in chemistry 
from Mount Holyoke in the last quarter century, 25 
have continued graduate work and now hold the Ph.D. 
degree. About one-third were graduates of institutions 
other than ours. This record alone would justify the 
policy but its by-product in the reaction on students 
and staff has been fully as valuable. Forty-three of 
our major students of the last thirty-five years have 
taken the Ph.D. degree in chemistry and since 1918 
rarely a year has passed without one or more publica- 
tions from the department. These are more or less con- 
crete evidences of the influence of even so’ limited an 
amount of graduate work. The more intangible values 
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to the department and the college cannot be so easily 
evaluated. 

According to our plan of work the assistant gives 
half of her time to department work and half to gradu- 


ate study. Four graduate seminars are offered—in 
thermodynamics, advanced physical, advanced organic, 
and physical chemistry applied to organic problems— 
and students very frequently fulfill a part of their re- 
_ quirement, by advanced work in a related department, 
most frequently physics. The course in thermo- 
dynamics is required of all Master’s candidates and 
ordinarily they take two of the other courses. The 
content of these courses varies somewhat from year to 
year and includes recent work and literature search 
whenever possible. The major portion of the graduate 
student’s time is given to experimental work on her 
special problem, the report of which is presented in the 
form of a thesis which must be approved by the depart- 
ment and the Graduate Committee of the college. The 
requirements are usually completed in the two years of 
half-time work. At the end, the candidate must pass a 
written examination in her graduate courses and an 
oral one on her thesis. 

The research interests of the department include both 
synthetic organic and physical chemistry, together with 
a combination of the two fields of work. The study of 
hydantoin derivatives extended over many years and a 
number of papers with student collaborators have been 
published. Studies in the absorption spectra of organic 
compounds were begun in the department in 1914. 
This type of physical measurement was undertaken in 
order that we might use it in connection with the syn- 
thetic organic research and thus give to the young 
graduate student as varied a training as possible, and at 
‘he same time that we might become skilled ourselves in 
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the use of a new physical tool which gave promise 
of wide application. 

As the work progressed it seemed advisable to under- 
take a systematic study of the characteristic absorption 
of a single chromophoric group, the carbon-carbon 
double bond. This investigation necessitated the 
preparation of very highly purified hydrocarbons and 
examination of their absorption spectra in the near 
ultraviolet with the quartz spectrograph and later in the 
far ultraviolet with the fluorite vacuum spectrograph, 
This extensive study of simple hydrocarbons has con- 
tinued for almost twenty years and has been carried on 
as a group research project in which an organic chemist, 
a physicist, and two physical chemists have collabo- 
rated. It offered particularly favorable problems for 
honors and graduate students and our library has more 
than fifty graduate theses and honor’s papers which 
report work in this field. In addition, there have been 
thirty-five publications by members of the staff and 
student collaborators which cover different phases of the 
investigation. 

Group research in a small department adds much 
to the zest and interest of the work. Research de- 
velops slowly with the brief time at one person’s dis- 
posal when so much time and energy must go 40 teach- 
ing, but it can represent a worth-while contribution to 
science if there can be the cooperative effort of an 
enthusiastic group. 

As is so often true, when a research project gets under 
way it is then possible to obtain financial support and 
this investigation has been aided greatly by grants from 
the National Research Council and the Rockefeller 
Foundation. The absorption spectra of organic com- 
pounds in the far ultraviolet wave was almost com- 
pletely unexplored and new techniques and new meth- 
ods had to be developed. Equipment for this work in 
our laboratory was made possible through these grants. 
This theoretical investigation of the hydrocarbons was 
discontinued during the war for a group research project 
in organic chemistry in connection with the govern- 
ment’s antimalarial program. 

The laboratory in which we work is old and far from 
adequate for our needs. It is a serious fire hazard, as 
fireproof buildings were not deemed necessary or pos- 
sible when this was built in 1892. Our department li- 
brary and spectrographic laboratories are housed tem- 
porarily in the near-by fireproof biological laboratory. 
The physics wing of a new physics-chemistry building 
was built in 1931 and this gave us additional much- 
needed space in the old building. But the number of 
students taking chemistry has grown tremendously and 
the scope of the work increases constantly. Plans have 
been drawn for the completion of the building and it is 
hoped that this may not be too long delayed. 

Since its beginning in 1837 Mount Holyoke has 
always had a decidedly scientific trend in its curriculum. 
It is indeed remarkable that at that time seven sciences 
out of a total of twenty-three subjects were required of 
all students before graduation. Mary Lyon was her- 
self an early teacher of chemistry and introduced indi- 
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vidual laboratory work for the students that very first 
year. Professor Amos Eaton at Rensselaer Institute 
in Troy was credited with being the first to use the 
laboratory method of teaching, and in preparation for 
her teaching Miss Lyon had spent a term at Rensselaer, 
where she went, as she said, ‘‘to learn a new and unusual 
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method of teaching chemistry in which the students 
perform certain of the experiments themselves.” One 
hundred and ten years later there are new and unusual 
methods to be learned and opportunities that are open 
to women in chemistry which are far beyond the wildest 
dreams of our Founder. 


HEAT AND ENTROPY 


A rew years aco, Brgnsted (3) criticized traditional 
thermodynamics for lack of clarity in its concepts of 
heat and werk. In particular, he contended that 
“heat produced or consumed within the boundary of 
the system itself” was not adequately defined, that 
only heat communicated was consistently handled. To 
this charge, MacDougall (11) replied that “it is not al- 
lowed to speak of the quantity of heat in a system un- 
less some additional properly defined significance is 
given to the term ‘heat’ ”’ in thermodynamics. The lat- 
ter view appears to be a widely accepted one. Various 
writers make explicit denial of the presence of heat 
within a body. For example, Luder (10) states in a 
recent article, “‘...there is no heat as such present in 
any thermodynamic system.” The validity of such 
statements follows simply from the fact that the authors 
define heat not merely as energy that can be transferred 
by reason of a temperature difference, but as energy 
undergoing such transfer. 

However, the view that thermal energy should be 
considered heat only when it is passing through the 
boundary of a system is a difficult one to maintain con- 
sistently. It is contrary to the concept of heat as com- 
monly taught in general physics, and it is highly arti- 
ficial since thermal energy leaving the boundary of a 
system must be closely related to that which remains 
behind and accounts for the temperature of the system. 
It is not surprising, therefore, that the restriction of 
the heat concept to transfer of thermal energy is fre- 
quently violated even by those who attempt to observe 
it. MacDougall admits that most chemists and physi- 
cists, when expounding thermodynamics, are inclined 
to use ‘‘misleading” expressions such as the remark that 
“work done against frictional forces is converted into 
heat.’? Since the mechanical equivalent of heat can be 
determined by work of this kind, it is easy to see why 
such a “misleading” expression comes to be used. 

The question that arises, then, is why the limitation 
of concept should be attempted. Probably there is 
value in using the symbol q only for thermal energy in 
process of transfer, but this need not prevent one from 
assuming that a body can and does contain energy of 
essentially the same kind. Apparently, the belief pre- 
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vails that in thermodynamics all mention of heat, how- 
ever the term is used, is best reduced to a minimum in 
the interest of a clearer and more precise presentation 
(7). In agreement with this view, it is said that the 
concept of heat resident in a body seems to have no 
utility for thermodynamics (11). Some authors ap- 
parently take the position that no simple basis exists for 
consistently relating energy changes and heat content.! 
For example, it is said: “One can pass heat into a body 
but it is no longer heat when it gets in. Take by way 
of illustration the passage of heat into a body that is 
expanding at constant temperature. The heat has gone 
to do external work, and if it is converted, it is no 
longer heat. Heat enters a system but immediately be- 
comes something that is not heat. In general, there is 
an increase in the internal energy of the system and 
also some external work is done” (9). 

On the other hand, the concept of a heat content has 
apparently been acceptable to some of the most promi- 
nent workers in thermodynamics, even if they did not 
make much use of it. Clausius (22), Maxwell (13), and 
Sackur (15) all wrote of heat as a part of the energy 
content of bodies or systems. Lewis and Randall (8), 
though they advocate minimum reference to heat, use 
the term broadly, as when they say, “the energy of 
chaotic motion which we call heat.” Some authors de- 
fine heat content very definitely, as will appear later. 

The view that will be developed in the present paper 
is that thermodynamics already deals with a sharply 
defined energy quantity that amounts, in all essentials, 
to a heat content. Thus, the writer takes the position 
that to limit heat to thermal energy in transfer is not 
the most logical course, and is inadvisable because it 
creates inconsistency with the rest of physics without 
adequate reason. Moreover, in his opinion, it makes 
entropy more difficult to understand because it limits 
artificially the extent to which this factor can be related 
to heat. A major object of the paper is to show that 
entropy, when viewed in terms of the broader conception 
of heat, can become a much more tangible concept. No 
originality is claimed for these views. 





1 Throughout this paper, “heat content” is used to denote 
storage of heat, never as a name for enthalpy, H. 
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TS REGARDED AS HEAT CONTENT 


If a system does have a heat content the rest of its 
energy should evidently constitute a work content. 
That is, since in matters of energy transfer the energy 
is identified either as heat or work, it is natural to sup- 
pose that if part of the internal energy exists as heat 
the rest is a work content. On this basis, energy re- 
ceived or released by a system as heat or work should 
presumably cause an equivalent change in the heat or 
work content, except as this might be obviated by ra- 
tional internal transformations. Any quantity assumed 
to function as a heat content should apparently be 
judged primarily by its ability to fit into such a scheme. 
In addition, one would expect to find the heat content 
related to the temperature of the system in a manner 
consistent with the fact that temperature difference is 
the cause of heat transfer. With these considerations 
in mind it is instructive to examine the familiar equa- 
tion? which divides internal energy, E, into two parts, 


E=A+TS, (1) 


one of which, A, is energy which, in so far as it can be 
released, is able to do work at temperature 7. The 
quantity A can, therefore, be regarded as the work con- 
tent at temperature 7’, and it is, in fact, often called 
work content. Thus, 7'S appears to be cast for the role 
of heat content, though in the past the term “heat 
content”? has not been applied to it but, instead, has 
often been applied to the enthalpy, H. This misnomer, 
though long recognized as such, may have been a factor 
opposing general recognition of the appropriateness of 
the term with respect to 7'S. However, if internal 
energy is to be divided simply into work and heat con- 
tents, the latter should apparently be the energy, 7'S, 
that is isothermally unavailable for work, the isothermal 
qualification being necessary to a precise distinction. 
These views on the significance of equation (1) may 
be compared with the following statement by Sackur 
(16): “The energy U of a body is the sum of two parts, 
viz., the heat energy and the so-called volume energy, 
the increment of which is the work done in an isothermal 
compression.” It is evident that in this statement T'S 
is called the heat energy of the body, 7. e., its heat con- 
tent. Mach (12) appears also to have regarded heat as 
TS. Trevor (19, 20) shows clearly that he once thought 
of heat as 7'S, though he later (2/) conformed to the 
convention of defining heat simply in terms of heat 
transfer. Berthelot (2) and Leaf (5) call T'S “thermal 
energy.” Dodé (4) calls it “heat energy,” and, in one 
instance, “heat.” Babor and Thiessen (/) state, 
significantly, that 7'S “is actually heat or some energy 
form that can only be manifested as heat.’? In con- 
formity with ideas presented in earlier discussions by 
Zeuner (23), Mach (12), and others, Trevor (19) and 
later writers point out that, like other forms of energy, 
TS is divisible into an intensity and a capacity factor, 


2 Symbols used in this paper conform to the usage of Lewis 
and Randall (6) except in quotations and with respect to occa- 
sional subscripts the significance of which is evident from the 
context. 
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these being temperature, 7’, and entropy, S, respec- 
tively. Dodé considers that definition of entropy as the 
capacity factor of the “heat energy” is more rigorous 
than definition in terms of the integral of dg/T. Also, 
like the present writer, he considers the former concept 
to be the more concrete or tangible one. 

Identification of heat with 7'S evidently requires re- 
vision of some of the statements that have been made 
regarding heat in connection with kinetic theory, but 
this should cause no difficulty; acceptance that heat is 
T'S interferes in no way with the kinetic interpretations 
of heat transmission and energy partition. Evidently, 
both the potential and kinetic energies of molecules can 
contribute to 7'S, but in classical thermodynamics the 
whole of 7'S functions simply as energy of thermal posi- 
tion and is potential energy in that sense. In the 
further discussion, 7'S will sometimes be referred to as 
potential energy in cases where the context makes the 
meaning clear. j 

In what follows, the adequacy of 7'S as heat content 
will be investigated by considering how 7'S stands in re- 
lation to heat-in-transfer, g, and whether its function- 
ing is ever out of character with the role of a heat con- 
tent. 


ISOTHERMAL CHANGES 


With respect to changes at constant temperature it 
seems rather obvious that T'S does meet the require- 
ments of a heat content. 

In all reversible isothermal processes 


gr = TAS (2) 


When, in such processes, heat leaves or enters a body, 
that body loses or gains an equal increment of T'S. 
Moreover, by reason of the conservation of entropy, S, 
in reversible processes, that is the only way that the TS 
energy of the body can change isothermally under re- 
versible conditions. In an irreversible isothermal proc- 
ess, any heat transferred still represents an equivalent 
transfer of 7'S, and vice versa. Moreover, an irrevers- 
ible process, like a reversible one, leaves a body with a 
TS value that is determined solely by the final state of 
the body, as should be expected if 7'S is heat content. 
After an irreversible isothermal process there is, in 
system plus surroundings, more 7'S energy than before; 
but all the excess arises, through creation of new en- 
tropy, from a loss of work or work content. Once 
produced, this new 7'S energy can be transferred iso- 
thermally only as heat. In all respects, therefore, the 
functioning of 7'S at constant temperature is precisely 
what should be expected if 7'S is heat content. 

It remains, however, to show more directly the fallacy 
of the argument, one example of which has already been 
quoted, that heat which enters and causes isothermal 
expansion of a body cannot remain entirely as heat be- 
cause some of it is immediately “converted” to work. 
In other versions, this argument is based on the revers- 
ible expansion of a perfect gas because the heat ab- 
sorbed is then exactly equal to the work done. The ar- 
gument is a non sequitur; the fact that absorption of 
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heat enables work to be done does not show that the 
heat has been transformed into the work. Owing to 
the equivalence of heat transfer and 7'S transfer, it is 


reasonable to assume that the heat absorbed is, through-. 


out, the quantity T AS,, where AS, is the entropy trans- 
ferred. The heat and 7'AS, undergo transfer at the 
same time and in equal amounts, yet the heat ac- 
counts for the whole of the energy transfer through the 
given boundary. If this is a correct statement, as it 
seems to be, then there is really no escape from the 
conclusion that the heat is J’'AS, The only way to 
avoid the conclusion is to assume that the entropy does 
not undergo transfer in the ordinary sense, 7. ¢., as a 
persistent entity, but that entropy is destroyed within 
the system that the heat leaves and is immediately re- 
produced within the system that the heat enters. 
However, such a viewpoint is unnecessarily compli- 
cated, for the change in location of the entropy is not 
discontinuous. Moreover, a system undergoing revers- 
ible isothermal expansion loses in work content, A, by 
an amount exactly equal to the work done. This is 
always true, irrespective of whether the expanding body 
is a perfect gas. Surely, it is reasonable to consider 
that the energy lost as work content zs the energy that 
becomes work. 


CHANGES INVOLVING CHANGE IN TEMPERATURE 


With respect to processes involving changes in tem- 
perature, the validity of regarding 7'S as heat content 
is indicated by consideration of the ideal heat engine. 


The net effect of a Carnot cycle, besides the work done, 
is the transfer of a quantity of entropy, S,, from the high 
to the low temperature level. Since S, must always 
have associated with it thermal energy equal to T'S, 
it takes from the high temperature reservoir at T.2 
thermal energy equal to 72S, and delivers at the low 
temperature, 7, the energy 7)S,. Thus, the heat that 
is converted to work is given directly by (T2 — T1)S,. 
In the reversed Carnot cycle, the work that is converted 
to heat is also given by (72 — 7T1)S,. In both cases the 
heat transformed or produced equates directly to the 
change in value of 7'S though temperature change is re- 
sponsible for the whole of the change. Furthermore, in 
any reversible process, whether cyclical or not, any 
change that gives rise to a quantity Sd7’ must have a 
similar explanation except that a change in work con- 
tent, A, can take the place of work itself. In any event 
no irrationality develops. If the process is irreversible, 
the only difference is the production of some 7'S from 
energy that was work or work content, the entropy 
being newly created. This increase in 7'S is logically 
regarded as heat content since it is energy that can 
thereafter be transferred isothermally only as heat. 
Moreover, if the same change in state were brought 
about reversibly, the energy needed for the increase in 
T'S that in the irreversible process results from degrada- 
tion of work or work content would actually have to be 
supplied as heat, q. 

Let there be no misunderstanding regardihg the 
statement made above concerning “the heat that is 


17 


converted to work” during the Carnot cycle. In con- 
formity with what was said before, none of the heat 
should be regarded as undergoing conversion to work 
during the isothermal stage at 7T,. Though the net 
work is actually done during this isothermal expansion, 
it is done at the expense of a part of the work content, 
A, which is restored during the ensuing adiabatic ex- 
pansion when S, gives up the energy (T2 — 71)S,. 

It is sometimes argued that the concept of a heat con- 
tent is untenable because the heat absorbed in a change 
of state is not independent of the path. However, since 
TS undergoes well-defined interchanges with other 
energy which make its over-all change independent of 
the path, all such arguments fail when 7'S is regarded 
as heat content. If heat and work are interconvertible, 
there is no reason why heat content and work content 
should not be also. Actually, according to the ideas 
being presented, it is proper to consider that the heat- 
to-work transformation always occurs by conversion of 
heat content to work or work content (See above). 


HEAT IN TRANSFER 


As already mentioned, the view that T'S is heat con- 
tent requires that g, or heat-in-transfer, be regarded 
also as an amount of 7'S, for a heat transfer can be made 
without the heat ever leaving material systems. By 
the same reasoning, the opposing view, that there is no 
such thing as a heat content, should not permit of a T'S 
formulation for g. This fact emphasizes the extreme 
difficulty of maintaining the no-heat-content view, for 
temperature is generally regarded as the thermal level, 
potential, or intensity factor of heat, irrespective of 
whether the term “heat’’ is used broadly or is restricted 
to transfer of thermal energy. Indeed, the acceptance 
in thermodynamics of the fact that heat will not undergo 
uncompensated transfer except down a temperature 
gradient amounts to a recognition of temperature as the 
intensity factor for heat. However, if temperature is 
the potential or intensity factor of heat, the capacity 
factor can be only the entropy. To a given potential 
factor must correspond just one fundamental kind of 
capacity factor (also called “charge function” (4)). 
In electrical theory, for example, we do not expect nor 
do we find any fundamental capacity factor other than 
electrical charge, whether it is measured in coulombs 
or some other unit. True, there is a quantity called 
electrical capacity which has a unit of its own, but it is 
simply the electrical charge required to raise the poten- 
tial of some object by unit amount—not a term for 
some special charge function. This is mentioned be- 
cause heat capacity, cal. per degree, is given by some 
authors as the capacity factor of heat (along with tem- 
perature as the intensity factor). That this viewpoint 
is faulty should be evident from the fact that heat ca- 
pacity is insufficiently general in application; it is 
applicable only when a temperature change is involved 
and not in processes like fusion and evaporation. 
Moreover, even as applied to a temperature change, 
heat capacity is merely the ability of a particular body 
to receive heat from an external source. Hence, it 
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cannot be a fundamental capacity factor, or charge 
function, in the same sense as is entropy, mass, or 
coulombs. 

Recognition of temperature as the potential factor 
of heat illumines the fact, already developed, that heat 
is not converted to work isothermally even in a non- 
cyclical process. Potential energy can be released for 
work only when a drop in potential is involved. 


ENTROPY 


As already shown, heat-in-transfer: must be regarded 
as T'S energy if entropy is thought of as being trans- 
ferred from one system to another instead of being de- 
stroyed and reproduced. Conversely, identification of 
heat with 7'S energy leads naturally to the thought that 
entropy does undergo transfer, like mass and electric 
charge. If entropy is regarded as randomness or dis- 
order, this mobile quality should not seem strange. 
Anything done to reduce the randomness at one place 
can simply be regarded as moving the disorder else- 
where, often with production of additional disorder 
but never with any decrease. This mobility is a prop- 
erty to be valued since it enables entropy to be re- 
garded as indestructible. Thus, it increases the tangi- 
bility of the entropy concept. 

Indeed, it seems strange that entropy transfer is not 
generally recognized as the common-sense view. En- 
tropy (of system plus surroundings) remains constant in 
reversible processes and can only increase in irreversible 
ones. This increase represents a creation of new en- 
tropy under well-understood conditions which imply in 
no way the concurrent destruction of any preéxisting 
entropy. Thus, the entropy existing at any one time 
can be regarded as something that is thereafter con- 
served, 7. e., that always remains the same number of 
units. Furthermore, entropy can be traced along con- 
tinuous paths in its redistributions. Other entities, 
such as gravitational mass or electrical charge, that 
exhibit such properties are not thought of as being de- 
stroyed and re-created but as moving about. There 
appears to be every reason to regard an entropy unit 
in the same way. When we do so, we find that we have 
something strikingly analogous—an indestructible en- 
tity that moves under a potential difference, and that 
always has associated with it potential energy propor- 
tional to its potential level, or temperature. The fact 
that additional entropy is created in irreversible proces- 
ses is a complication, of course, but this is true no mat- 
ter what mental construct is adopted. As a matter of 
fact, the creation of entropy during heat conduction is 
no different from the creation of entropy during free 
flow of electricity. The difference in effect arises simply 
because the entropy produced during heat conduction is 
identical in nature with the entity (entropy) whose loss 
in potential produced it, whereas in the electrical case 
this is not so. Thus, heat remains undiminished in 
amount whereas electrical energy does not (/2). 

The view that entropy is transferred from one body to 
another is by no means new. As early as 1904 Swin- 
burne (/7) argued that it is both logical and useful to 
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think of entropy as moving “just as we think of heat 
as moving.” Indeed, it is perhaps best to think of the 
entropy as moving and delivering the heat. In this con- 
-nection it is worth noting that we do not ordinarily 
think of hydraulic energy as flowing; instead, we think 
of the water as flowing and delivering the energy. 

Zeuner (23) and Trevor (19) called entropy heat- 
weight because, as already indicated, the thermal en- 
ergy associated with a unit of entropy varies with tem- 
perature in a way wholly analogous to the variation in 
the potential energy of a weight with change in altitude 
(the gravitational field being assumed uniform). Mel- 
lor (14) has reported upon the heat-weight concept, ap- 
parently sympathetically. 

The term “heat-weight” emphasizes an apt analogy, 
but does not seem well suited to formal usage. Ac- 
cordingly, the writer prefers to call entropy simply the 
carrier of the thermal energy. Each entropy unit has 
associated with it an amount of thermal energy, or heat, 
precisely equal numerically to the absolute tempera- 
ture. This thermal energy can be released for work only 
when the temperature lowers, and then only in quantity 
equal numerically to the temperature change. How- 
ever, if the energy lost by entropy units during a tem- 
perature drop is lost through conduction, it remains as 
heat and associates itself with newly created entropy 
units, each of which receives its full energy quota equal 
in magnitude to the existing absolute temperature. 
When temperature rises, the energy associated with 
each entropy unit must increase by an amount equal 
to the temperature increase. This additional energy 
cannot be supplied as heat; work or consumption of 
work content is necessary to raise the potential of any 
form of energy (cf. Trevor (18, 19) and Br¢gnsted (3)). 
However, after the additional energy is acquired by the 
entropy unit, it is to be regarded as heat, just as it is 
at the end of the reversed Carnot cycle. 


HEAT CAPACITY 


It is instructive to consider the concept of heat capac- 
ity in terms of these views. Consider first the molar 
heat capacity at constant volume. A definite quantity 
of heat is absorbed by a mole of a given substance for 
each degree of temperature rise. The absorption of 
heat causes the temperature rise, but the heat itself is 
simply taken on as the energy associated with the addi- 


tional entropy which the substance acquires as it rises 


in temperature. The energy supplied to each entropy 
unit to provide for the increase in temperature must 
come at the expense of work content, A. These facts 
are expressed by the two well-known equations 


as iS 
om (57), (3) 


oA 
i< -(35 (4)3 





3 It is interesting to speculate on the significance of this equa- 
tion at high temperatures, where it is indicated that A will 
become zero. 
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Similar equations apply to the absorption of heat at 
constant pressure, namely: 


However, the free energy, F, appears in equation (6) 
instead of work content, A. This is simply because the 
work of expansion is done at the expense of a part of 
A; hence, to obtain the reduction in A that supplies 
the additional energy to the entropy units, it is neces- 
sary to subtract the work of expansion. The change in 
F at constant pressure gives precisely this difference. 
The foregoing discussion shows that heat capacity is 
simply capacity for receiving heat from the outside 
and is not the amount by which the heat content is in- 
creased per degree (cf. Trevor (20)). On the other 
hand, heat utilized for isothermal change of phase does 
represent the whole change in the heat content since 
no SdT is involved. An interesting sidelight is that so- 
called sensible heat, though capable of measurement by 
temperature rise, is, in one sense, just as latent as heat 
taken on during .change of phase, since the increase in 
the energy associated with each entropy. unit, which 
registers as temperature rise, is supplied by the work 
content of the system. The absorption of heat can be 
regarded, however, as the cause of the readjustment of 
internal energy. This explanation of what happens to 


the internal energy of a system when heat is absorbed 
should not seem strange if one accepts the view that 
heat is energy of thermal potential, for it is simply a 
matter of working out the implications of that concept. 
The result is that equations like (3) to (6) acquire a 
significance beyond that of the bare mathematical rela- 
tions. 


THE CARNOT PRINCIPLE AND THE SECOND LAW 


Carnot’s principle that the amount of work that can 
be produced from a given amount of heat is the same 
for all reversible engines working between the same 
temperatures follows naturally from the conception of 
heat here presented. The number of entropy units 
taken into the engine at the higher temperature, 7», 
must all be released at the lower temperature, 7), if 
the working substance is to return to its initial condi- 
tion. Since each entropy unit has associated with it 
originally heat equal to 72, and must leave with heat 
equal to 7, the efficiency of any ideal engine that takes 
on heat only at 7; and discharges heat only at 7 is 
obviously (T2 — 71)/T>. 

Only the properties of heat that are involved in 
reversible processes are brought out by this reasoning. 
They are properties that are shown also by other forms 
of potential energy, when the charge function is con- 
served—a fact pointed out long ago by Mach (12). 
Hence, the various ways of stating the second law of 
thermodynamics that merely provide such an as8ump- 
tion as will establish Carnot’s principle do not them- 
selves disclose the peculiar property that distinguishes 
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heat from these other forms of potential energy. For 
example, the form of the second law enunciated by 
Clausius, namely, that “heat cannot, of itself, pass from 
a colder to a hotter body” states no more than we should 
expect of energy that has temperature as its potential 
factor. It is only when we consider irreversible proc- 
esses, and find that in them entropy is created, that the 
really distinctive nature of heat becomes evident. As 
Dodé (4) emphasizes, that which gives heat a unique 
position relative to gravitational and electrical energy 
is the fact that under appropriate circumstances, work 
can be transformed into heat without change in the 
thermal potential, 7. e., by creation of entropy. 

Hence, those forms of the second law that indicate 
what happens in an irreversible process are the only 
ones that show, directly, the peculiar content of the 
heat concept. This is not to say, however, that state- 
ments of the second law like that by Clausius are in- 
adequate, for one can utilize them in conjunction with 
a reversible cycle to define entropy as a fundamental 
quantity and can then proceed to irreversible processes 
and show that in them entropy does increase. 


EASILY APPLIED CONCEPTS 


Adoption of the viewpoint that 7'S is heat and that 
the entropy, S, is the carrier of the heat involves no new 
derivations and no new mathematical treatment such 
as that to which Brgnsted (3) was led by his dissatis- 
faction with traditional thermodynamics. Instead, the 
concepts represent simply a way of interpreting the 
classical quantities and equations. The gist of the view- 
point that has been presented is simply that it is logical 
to regard all 7'S energy as heat, and that to do so is 
advantageous for the better understanding of heat, en- 
tropy, and various thermodynamic relationships. 

In developing the discussion, it was convenient to 
use the expression “heat content” when referring to the 
TS energy within a system. However, in view of the 
wide misuse of “heat content’ as a designation for 
enthalpy, H, general use of the same expression for T'S 
is not recommended. The single word “heat” is better. 
Of course, “isothermally unavailable energy” is now 
the only designation which when used alone can be re- 
lied upon to mean 7'S to everyone. It is, in reality, a 
definition, and to anyone who adopts the point of view 
that has been presented in this paper it will mean heat. 
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PHENYLOSAZONE REACTIONS ADAPTED TO 
THE MICROSLIDE 


In sprre of the importance of the phenylosazone 
test it has not been generally employed as a slide re- 
action. This has been due to the rapid loss of moisture 
when heat is applied to a few droplets of aqueous solu- 
tion. It is true, of course, that in the study of sections 
of plant tissue Senft, Molish, and others? have utilized 
the osazone reaction to considerable advantage. Ac- 
cording to their procedure, however, the tests are car- 
ried out in glycerol solutions, so that the appearance of 
osazone crystals requires considerable time. 

Recently it was found that the ordinary osazone re- 
action, using aqueous solutions, can easily be adapted 
to the testing of small drops on a slide if the reaction 
mixture is sealed beneath a cover glass. The sealing 
medium must resist softening during prolonged heating, 
.and it must be sufficiently tacky to maintain a tight 
seal in spite of the vapor pressure developed. These 
requirements are met by Dow-Corning silicon stopcock 
lubricant. 

In effect, the slide on which a test is to be performed 
must be provided with a small reaction chamber. The 
first step is to apply to the clean surface of the slide a 
ring of the silicone lubricant. This can be accomplished 
within a matter of seconds by means of an appropriate 
“stamp” which is easily made from cork. Since an 
18-mm. cover slip is to be used, a ring of this diameter 
is cut from a thin sheet of good quality cork. The 
inside diameter of this ring may be approximately 14 
mm. The cork ring is glued or cemented to the top 
of a suitable cork stopper which will then serve as a 
convenient handle. The silicone supply is prepared by 
spreading a thin layer of the grease on a slide. By 
using the cork stamp as in printing, silicone rings can 





1 Presented, at the Birmingham, Alabama, Section of 
America Chemical Society, February 20, 1947. 

2 Moutscu, H., ‘‘Mikrochemie der Pflanze,” 3rd ed., Jena, 
1923, p. 133. 
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be applied to clean slides very easily. Only light pres- 
sure should be exerted in stamping these rings because 
they must possess sufficient depth to form the sidewalls 
of the microreaction chambers. It is quite feasible 
to prepare a supply of these ringed slides in advance 
if they are stored in a grooved slide box. Since the 
consistency of the silicone lubricant undergoes no 
appreciable change during ordinary variations in tem- 
perature, there need be no fear that the rings will “run” 
if stored several days before using. 

In performing the osazone test, one droplet of sample 
solution and two droplets of reagent are placed within 
the area bounded by the silicone ring. Since the 
available space is somewhat restricted, the total volume 
of the reaction mixture must be correspondingly small. 
The introduction of drops of the proper magnitude is 
facilitated by using capillary pipets of small diameter. 
These are made by drawing out 6- or 7 mm. soft glass 
tubing to obtain capillaries measuring about 1.0 mm. 
in outside diameter. These pipets are filled by capil- 
lary rise rather than by suction. When the tip of a 
clean pipet is applied to the liquid the angle of inclina- 
tion controls the amount which enters. 

The reactants may be mixed by stirring with a glass 
thread, but generally this is unnecessary. An 18 mm. 
circular cover slip is carefully dropped on the silicone 
ring. A light tap with the finer tip applies sufficient 
pressure to the cover to effect a tight seal. If properly 
prepared this microcell does not lose any vapor during 
a 40-minute heating period on a gently boiling water 
bath or on a metal heating block operating at 90 to 
100°. If 11/2 X 1-inch slides are used the cells can be 
heated directly on a Kofler warm stage, thus permitting 
constant observation of the preparation until the first 
osazone crystals appear. (One must keep in mind, 
however, that some phenylosazones separate only after 
the reaction mixture cools to room temperature.) - 
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Some workers may prefer an alternate method for 
preparing the microreaction cell. A paper ring meas- 
uring 18 mm. in outside diameter and approximately 
14 mm. inside diameter is thoroughly coated on both 
sides with Dow-Corning stopcock lubricant. This is 
accomplished by laying the circle on a slide coated with 
the greese. Using a needle, the ring is pressed down 
into the silicone until one side is well coated; the 
ring is then turned over and the reverse side of the 
paper ring is given the same treatment. By means of 
a clean needle the coated ring is transferred to a slide 
and fixed in position by applying pressure to various 
points around the circle. The subsequent procedure is 
identical with that described for the other cell. 

A satisfactory reagent solution may be prepared by 
dissolving one gram of phenylhydrazine hydrochloride 
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and 11/, grams of sodium acetate in 7 ml. of water. 
A small drop of 2'/, per cent glucose solution is suffi- 
cient sample to yield a good test. If preferred, the 
sample may be in the form of a few minute particles 
of solid rather than a drop of solution. With proper 
care the amount of crystalline product formed is ade- 
quate to permit washing, drying, and subsequent 
determination of melting point on a Kofler stage. 

Should there be any reason for cleaning the silicone 
from the used slides it may be removed by letting the 
slides soak for a time in decahydronaphthalene (also 
sold as “‘Decalin’”’) which has been warmed to 50 to 80°.* 
After the solvent has been allowed to drain off the slides 
should be rinsed several times with acetone. 





3 Maauio, M. M., Chemist Analyst, 36 (1), 22 (1947). 
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Whores rae help of Mr. P. J. Thompson, glass blower 
of the Department of Chemistry of the University of 
Florida, the author devised the apparatus shown in the 


illustration for lecture demonstration purposes. It is 
constructed from an ordinary Claisson flask by sealing 
on the stopcocks and suspending a thermometer M 
from the standard ground joint V. With it can be 
demonstrated the following: 


1. Boiling at reduced pressure and temperature. 

2. Vapor tension at various temperatures. 

3. A vacuum produced by displacing air by steam. 

4. The “water hamimer’” phenomenon. 

5. The solubility of NH;, HCl, etc., in water by the 
“fountain experiment”’ (inverting the flask and 
letting water suck up through the jet). 























In the early days of the war, when it was felt in some government quarters that dyes 


might be dispensed with because they were a luxury in civilian clothing, representatives 
of the dye industry produced a graphic answer. They exhibited some items of clothing 
in a raw uncolored state—among them a man’s suit made from raw undyed wool. It 
was a gloomy white. A pair of undyed overalls of a depressing shade illustrated the fact 
that dyed material would hide stains more effectively. And, horrors—a woman’s hat 
without benefit of color! That was the last straw (pun!). The government officials 
agreed that it wouldn’t do, it just wouldn’t, to have 130,000,000 people running around 
dressed like that—trying to win a war.—Dyelines and Bylines (August, 1946). 





EXPLOSION VENTS FOR FUME HOODS 
AND A METHOD FOR TESTING THEM 


Tue necessity for modifying the conventional fume 
hood in a manner which would provide for the dissipa- 
tion of the energy of an explosion of moderate intensity 
was recently brought forcibly to our attention by the 
near disastrous experience of a graduate student at 
this institution. The student had just completed a 
Friedel-Crafts reaction in two liters of carbon disulfide, 
and was hydrolyzing it in a fume hood with the window 
partly open, when without warning an explosion blew 
out the entire front of the hood, including the frame 
and sash weights. The student found himself pn the 
floor with the sash on top of him. One of the sash 
weights had been hurled halfway through a desk top 
about eight feet away. Despite the severity of the 


Figure 1 
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Figure 2 


Figures 1 and 2. Vent Doors Are Shown in Position They Would 
Assume After Blast. Once the Pressure Is Relieved, They Will Imme- 
diately Fall Back in Place. 


blast, no one was seriously injured, nor did the re- 
maining carbon disulfide cause a conflagration since 
the flask containing it was not broken. 

The cause of the explosion is in doubt, but one pos- 
sible explanation is that a six-liter sulfuric acid bath 
under which the flame had been turned off three hours 
before had not yet cooled to room temperature. The 
residual heat of this bath may have ignited the carbon 
disulfide vapors displaced from the flask by the addition 
of the hydrolyzing agent. 

This experience led to the investigation of explosion 
vents for the hoods with which our research labora- 
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tories are equipped and resulted in the development 
of a convenient method’ for testing the effectiveness of 
such vents after they have been installed. 

A. L. Brown! recommends hinged gravity-closed 
transite doors of one square foot area for each ten 
cubic feet of hood volume. Accordingly, two hoods of 
different types were modified to meet this recommen- 
dation. The windows of these hoods were of shatter- 
proof wire-containing glass. Even with the evidence 
submitted by the paper of A. L. Brown as to the 
effectiveness of such explosion vents, it seemed difficult 
to accept the fact that such vents would relieve the 
explosion pressure rapidly enough to prevent damage 
to the hood and injury to the operator. 

Accordingly, a method of testing the vents was de- 
vised. Since Brown had reported that carbon di- 
sulfide produced the most violent explosion, a test was 
developed making use of this substance. 

In the center of the hood to be tested, about two 
feet above the base, an automobile spark plug was 
supported just above a flat pan which floated on a 
water bath at 50°-60°C. Assuming that the carbon 
disulfide exploded in air to carbon dioxide and sulfur 
dioxide, a volume of carbon disulfide considerably less 
than that required to completely consume the oxygen 
in the hood was poured onto the warmed pan. With 


ventilation of the hood shut off and the window down, 
a few moments were allowed for vaporization of the 
carbon disulfide, then a spark was produced in the 
explosive mixture by means of a hand Tesla coil, 


touched to a long wire connected to the spark plug. A 
5-ml. sample of carbon disulfide was used for the first 
trial. The sample was gradually increased in sub- 
sequent trials up to the 25 to 30 ml. required for com- 
plete combustion. A number of trials had to be made 
before a blast was obtained, such that the explosion 
vent snapped open and closed again by gravity. Since 
the fume hood ventilation had been shut off, an un- 
pleasant amount of sulfur dioxide was liberated in 
the room. The uncertainty of obtaining an explosion, 





1 Brown, A. L., Quarterly National Fire Protection Association, 
21, 47-54 (1927); C. A., 22, 165 (1928). 








Figure 4 


Figures 3 and 4. A Hood Whose Roof Is Not Flush with the Ceiling 
of the Room. Explosion Gases Are Vented Upward Through a Trap- 
door in the Roof. 


the lack of vigor of explosion in some cases, and the 
sulfur dioxide fume difficulty led to an improved method. 

Oxygen and hydrogen from portable low-pressure ‘ 
tanks were bubbled through separate bottles of water 
to aid in judging rate of flow and then mixed through a 
“Y” connection. The rates of flow were adjusted 
until a soap bubble inflated with the niixture exploded 
vigorously when ignited. Then a coarse, sintered 
glass tip was substituted for the bubble tip and a 
relatively stable foam of hydrogen-oxygen mixture pro- 
duced. This foam was then scooped up, and the de- 
sired charge placed in contact with the spark gap of the 
plug. By starting with a small volume of foam an 
explosion too weak to lift the vent on the hood was 
produced. When the volume of foam used was more 
than a liter, the vent door was snapped open with a 
bang and dropped back into place undamaged. 

It is desirable to have the explosion vent so arranged 
that the explosion gases are not directed toward any 
worker who might be at the hood. The illustrations 
show how this is accomplished. In one experimental 
hood the cross bar which acted as a stop for the door 
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that drops downward (see Figures 1 and 2) was placed 
so that the door broke as it struck. This was remedied 
by placing the bar so that it stopped the outer edge of 
the door and this edge was reinforced by added struc- 
tural members. 

A hood such as is shown in Figures 3 and 4 is of a 
type whose roof is not flush with the ceiling of the room. 
It is best modified with a trap door in the roof to expend 
the force of an explosion. Explosion gases are thus 
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vented to the ceiling, eliminating any. chance of their 
striking the operator. ’ 

Such explosion vents as are described above have 
been installed in the hoods of all our organic research 
laboratories and other hoods where the possibility of 
explosion exists. They have been tested with rather 
severe explosions, generated as indicated above, and 
found to offer complete protection within, of course, 
reasonable limits. 


PROFICIENCY IN GENERAL CHEMISTRY 


Many reacuers of high school chemistry ask ‘“‘Why 
take our high school chemistry if the student is re- 
quired to take general chemistry in college anyhow?” 
That issue is a real one and to it I wish to address the 
following facts and remarks. 

For the past 18 years the teachers in The Division 
of General Chemistry at The Ohio State University 
have been studying this problem. We feel that need- 
less repetition of work well mastered should be avoided 
regardless of whether the work was done in high school, 
in night school, in the boys’ basement, or elsewhere. 
The important thing is the student’s competency in 
the field of chemistry. 

To determine the degree of this competency we have 
been developing and using a variety of placement or 
proficiency tests. These tests are given to all students 
who register for the first course in general chemistry 
and who have had high school chemistry. As a result 
of the satisfactory performance in these tests we recom- 
mend college credit toward graduation (5 hours) for 
from 5 to 15 per cent of these students and have moved 
them up to the second-quarter work. This credit we 
call proficiency or Em credit, i.e., credit by examination. 
This same procedure is recommended for all depart- 
ments in the university; the other departments who 
grant Em credit to an appreciable number of students 
are English and language.''? 

Some students wish to try for Hm credit in the second 
quarter of college chemistry. This they can do and 


1 Pressey, 8. L., Journal of Educational Research, April, 1945, 
p. 596. 

2 In evaluating credit obtained in regular courses as well as 
Proficiency Credit it is well worth considering the forgetting fac- 
tor which is described by LEARNED AND Woop “The Student and 
his Knowledge,” Bulletin No. 29, The Carnegie Foundation for 
the Advancement of Teaching. 
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we have one or two students each year who can pass 
this examination. 

We encourage students to try for this proficiency 
credit. Each new student is sent a booklet by the 
University Registrar describing the Placement and 
Proficiency tests with sample questions. It appears 
to be a reasonable method of integrating the high 
school work with the college work and of avoiding 
undue repetition. The soundness of this procedure 
can be judged since it is based upon a measured pro- 
ficiency rather than upon academic credits submitted. 


TYPE OF TEST USED 


We have tried a variety of tests by which we could 
obtain a measure of the competency expected. At one 
time we used data from the following tests: (a) a test 
covering general physical and chemical concepts; 
(b) a test covering the content material of the first 
quarter’s work in general chemistry at the University; § 
(c) a laboratory test on the actual performance of a 
laboratory experiment and the interpretation of data 
therefrom; and (d) The Ohio State University In- 
telligence Test. 

The data from such tests gave an excellent basis for 
selecting the superior student. However, we have 
found that the problem of securing all of these data 
quickly from the large group of students (approximately 
1500) enrolled in the first-quarter courses in the fall 
of the year was very difficult; so much so that it re- 
quired a simpler procedure of examining the students. 
A study of the various examination results, when com- 
pared with the student’s performance in the course 
to which he was advanced, led us to believe that we 
could choose these proficiency students on the basis 
of data from: (a) a short arithmetic test; (6) a chem- 
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istry test over the first quarter of work at the Univer- 
sity (called a proficiency test); and (c) The Ohio 
State University Intelligence Test. 

This practice has been followed now for several 
years. The significance of the results from the arith- 
metic test has already been established by our results 
published earlier.* 

We have guarded our procedure in the selection of 
the proficiency students by use of the Intelligence Test 
mainly in borderline cases since it serves as a useful 
guide to predict the student’s capacity for adjustment 
to the more advanced work. 

Those students selected for Em credit are ‘those who 
received a grade of A or B on the tests as standardized 
by a control group of students who have completed the 
fist quarter of this work at the University. This 
requirement may be too high but it is a safeguard 
against abuse. 


ANALYSIS OF PERFORMANCE DATA 

An important factor that has validated our pro- 
cedure in selecting the proficiency: students is their 
success in succeeding quarters in chemistry. This is 
shown in the results of a study made by Dr. Sidney 
Pressey and his colleagues from the Department of 


Psychology from the class records of a number of our. 


students. A report of this study is summarized in 
Table 1. 

The data in Table 1 indicate the soundness of giving 
proficiency credit to 365 students who did receive it 
in 1939 through the school year 1945, in terms of their 


grades in the following course (either Chemistry 412 or 


‘417—the second quarter courses) as compared with the 


grades of students who had had Chemistry 411 or 416 
(the first quarter courses) in the regular classes (see 
legend of Table 1 for significance of course number). 
Table 1 also attempts some appraisal of the desirability 
of giving proficiency credit to other students not 
heretofore given such credit. 

The following points seem worth mentioning. 

(1) Eighty per cent of the students who had pro- 
ficiency grade for Chemistry 411 made A or B in the 


next following course as compared with only 28, 


per cent for all other students. Only one per cent of 
those with proficiency failed the succeeding course as 
compared with 11 per cent of those taking Chemistry 
411. 

(2) Proficiency credit could probably be given to a 
few more students but it would appear that analysis of 
that data in Group III of Table 1 would indicate that 
the chances of failure are becoming much higher in this 
group of students. , 

It is of interest to add that most of these students 
who receive Em credit become our best students in the 
University. 





3’ Garrett, A. B., anp H. Fawcert, “Our students do not 
know arithmetic,”’ Ohio Schools, 23, 200 (1945). 

4 Credit by examination is given in a number of other schools, 
among which are University of Buffalo, Syracuse University, 
Mills College, Antioch College, Muskingum College, University 
of California, and The University of Illinois. 


SUBJECT MATTER FOR PROFICIENCY TEST 


The subject matter of the Chemistry Proficiency 
Test is chosen with the specific objective of selecting 
those superior students who have a mastery of the sub- 
ject matter taught in the first academic quarter of 
chemistry. The following topics are covered: 


Matter and Energy—Units of Measurement; Particles of 
Matter; Gram-Atomic Weights and Gram-Molecular Weights; 
Gases—the Gas Laws; the Kinetic-Molecular Theory; Deter- 
mination of Molecular Weights; Oxygen; Hydrogen; The 
States of Matter and Their Transitions; The Atmosphere—the 
Rare Gases; The Spectroscope; Nitrogen; Carbon Dioxide; 
Water—Hydrogen Peroxide; Oxides and the Earth’s Crust; 
Laws of Chemical Combination—Atomic Weights, Equations; 
Atomic Number—the Periodic Law, Isotopes, Radioactivity, the 
Structure of the Atom; Solutions—Concentration, Molecular 
Weights; Ionization in Solutions. 


ARGUMENTS PRO AND CON 
This plan will probably not meet with approval by 


all teachers in all schools. Some will argue that stu- 
dents will profit by repeating general chemistry in college 








TABLE 1 


Distribution of Grades in Second Quarter College 
Chemistry* 


(Comparison of Grades of Proficiency Students with Other 
Students) 





Grades of all students in the 

second quarter of College 

Chemistry (called Chemistry 
412 or Chemistry 3 


Total 
Classes of students by number 
proficiency test groupings A, B, C, D, (failure), 
% % tS  % 


of 
students 





I. Students having 
proficiency credit 
(Em) in the first 

uarter of College 
hemistry (called 
Chemistry 411— 
for years 1939-45 


All students ex- 
cept proficiency 
students for the 
school year 1945 


Students whose 
grades in profi- 
ciency test were 
within 10 centiles 
of those given Em 
credit 


IV. Students in the 
centiles 1-79 of 
the proficiency test 


365% 











5 19 42 22 12 768 





* We wish to acknowledge the work of Mrs. Marie Flesher who 
compiled the data of this table under the supervision of Professor 
Sidney L. Pressey. 

t The Chemistry Course numbers have the following meaning: 

(a) Chemistry 411, 412—the first two quarters of regular 
College Chemistry. 

(b) Chemistry 416, 417—the first two quarters of College 
Chemistry for Engineers. This is somewhat similar to 
Chemistry 411 and 412 but taught from the engineer’s 
viewpoint. 

+ Actually many more than this number of students received 
Em credit over this period of time. However, during these war 
years many of our students were drafted before they completed 
the second quarter of work, hence their record is incomplete and is 
not included in this report. 
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regardless of their proficiency; that this is double 
bookkeeping by way of the credit used and allowed. 
Some contend that the college course should be stiffened 
to challenge these students. 

Nevertheless the present-day recognition of the 
merit of demonstrated proficiency in academic areas 
and the fact that proficiency levels can be reached by 
other pathways than through the college classrooms 
makes one take cognizance of the merits of this pro- 
cedure. Furthermore such a plan gives a student 
free time for electing advanced courses in chemistry or 
for other electives with which he may wish to round out 
his college education—it also gives an opportunity for 
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acceleration. The first two of these possibilities are 
usually followed by the proficiency students. 


PROFICIENCY SECTIONS 


Except for the war years, we have found it profitable 
and stimulating to schedule these proficiency students in 
a section by themselves. This serves as an excellent 
method of giving special attention to the superior 
student. Some experiences with these students have 
been described earlier.5 





5 Ferng.ius, W. C., L. L. Quity, anp W. L. Evans, Tuis 
JOURNAL, 14, 427 (1937). 


QUANTITATIVE ANALYSIS—THE SCIENCE 
OF MEASUREMENT IN CHEMISTRY 


Dara catuerep by the writer at the University of 
Minnesota and at The Ohio State University show that 
not more than two per cent of graduates of university 
courses in quantitative analysis become professional an- 
alysts. We may, therefore, well ask ourselves what ob- 
jective should be sought in a beginning course in quan- 
titative analysis and whether or not we achieve it in 
courses as now taught. 

Analytical chemistry has for some years distinguished 
between the terms chemical analyst and analytical 
chemist. The former term applies to one who knows 
the “hand and arm”’ operations of a few analyses. He 
is frequently called a technician and is usually employed 
on routine work. He is regarded and paid by his 
employers at the subprofessional level. Usually he 
has had little formal training in chemistry. This 
group contains a large percentage of those who for 
one reason or another drop out of the university after 
one or two years. Such people often become highly 
skilled and their service to chemistry is great. The 
term analytical chemist applies to the person who has a 
greater knowledge of fact and theory and who can 
apply it in new situations. He is a professional person 
and usually has had graduate training in some univer- 
sity where graduate work in analytical chemistry is 
actively fostered. Such people will usually not engage 
in routine analysis but will spend their time in the 
development of new methods and in the special prob- 
lems of the laboratory. , 

Industrial and other practical laboratories where 
much routine analysis is done are interested in using 
only those methods of analysis in which a large margin 
of safety exists. Unless an accident occurs, a relatively 
unskilled person can obtain an acceptable result. This 
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is of course as it should be for economic reasons. How- 
ever, the methods of many textbooks are either ex- 
tracted from or designed for practical settings. Per- 
haps the author wanted to meet the needs of the prac- 
tical analyst as well as the student and the text is in- 
tended as much for practical purposes as for teaching. 
Whatever the reason, the methods of most textbooks ° 
are designed to provide as large a margin of safety as 
possible with the consequence that the student, if he 
avoids an accident, need give very little consideration 
to the sources of error or to the reason for the particular 
choice of experimental conditions needed to get an 
acceptable result. 

The educational value obtained from the performance 
of a procedure which, barring an accident, is certain to 
give an acceptable result is limited. In the first place, 
‘experience has shown that most intelligent people can, 
by following the details of a procedure closely, analyze 
successfully. This was clearly demonstrated during 
the war when many high school students were taught 
only the techniques of quantitative analysis and ob- 
tained as good results as the university sophomores 
who used the same procedures and were also exposed 
to lectures on theory. A second challenge to the 
educational value of this kind of experience in quantita- 
tive analysis arises in the erroneous conception of 
success as a chemist which is acquired by students so 
exposed. They feel that because they can follow a 
procedure successfully they deserve the rank of chemist 
and_ professional recognition as such. They also feel 
that knowledge of the chemistry involved in the design 
of the analysis is completely unimportant. This state 
of mind is prevalent even among instructors of quantita- 
tive analysis who have been nurtured in such an un- 
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inspiring atmosphere themselves. Later, finding them- 
selves required to teach quantitative analysis in ad- 
dition to the subject of their real interest, they per- 
petuate this cook-book point of view in their students. 

It is not the purpose of this paper to suggest that we 
discard the common methods of analysis which are 
more or less the same in all textbooks. Rather, it is 
the purpose first to suggest that we try to present 
quantitative analysis to the student in a way that will 
have more educational value for him and secondly to 
make some suggestions as to how this can be done. 

The practical need, especially the industrial need, for 
the analytical results of quantitative measurements 
has been and is so great that our study of quantitative 
measurement has of necessity been in the field called 
analysis. However, it must be admitted that quantita- 
tive techniques can be learned just as well in their 
application, for example, to the establishment of the 
laws of chemistry. In some respects, physical chem- 
istry covers the territory of quantitative measurement 
for other than analytical purposes. The strongly 
physical chemical flavor of some textbooks may there- 
fore be looked on as a compromise. The replacement, 
in a few schools, of the standard course in quantitative 
analysis by an elementary course in physical chemistry 
represents the trend away from the classical pattern. 

Neither of the above extreme types of teaching pro- 
duces an analytical chemist. Certainly the cook-book 


experience of quantitative analysis adds little to a 


student’s education and, if nothing else, is definitely 
misleading. On the other hand, the demands of in- 
dustry for people with training in the techniques of 
quantitative analysis must be met. Somewhere in 
between lies the happy medium. 

If one tries to state simply what quantitative an- 
alysis should accomplish, it would be, first, that it 
should teach quantitative analysis as ‘‘the science of 
measurement in chemistry.” .This implies an extensive 
knowledge of fact and accepted theory. Secondly, 
the course should also teach “‘how to analyze.” 

It is often said among analytical chemists that real 
ability in analysis is closely related to the ability to 
recognize and evaluate the errors of an analysis. This 
is a quality which experience develops. We could, 
however, make the beginning student of quantitative 
analysis more error-conscious than most textbooks do. 
This can be achieved in a number of ways: 

1. The student can be asked to present a pre- 
analysis summary of the sources of error he antici- 
pates in the experiment he plans to do. 

2. He can be asked to arrive at a conclusion as 
to the probable magnitude of each of the errors and 
what their effect on the final result would be. 

3. He can be asked to show why he takes the size 
of sample he does. 

4. He can be asked to show what error can be 
expected in the result in view of his choice of con- 
ditions. 

5. He can be asked to decide what special pre- 
cautions or techniques will have to be applied in order 
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to achieve the desired precision; likewise, what pre- 
cautions can be omitted. 

6. He can be asked to justify the design of the 
experiment so that in view of the individual errors 
whose magnitude he has estimated or assumed he 
will get a result of a desired reliability. 


If a student follows through such a plan of thought, 
if he carries through the experiment and gets a result 
which is as good as it should be, then he has learned 
far more than the student who strives for the maximum 
perfection in technique at all times, who uses time and 


- technique not warranted by the precision desired in 


the result and who in the long run has no idea why his 
result is as good as it is. 

The effect of errors on precision can be emphasized 
to the student if one or two experiments of higher than 
usual precision are included. For example, the pre- 
cision determination of chloride to 1 or 2 parts in 10,000 
is not too difficult for a student of quantitative an- 
alysis toward the end of his course. It will require the 
application of vacuum corrections, of more accurate 
weighing techniques, and of corrections for losses 
through solubility. Appreciation of the effect of 
errors on precision is also gained by performing an 
analysis on a micro scale. At The Ohio State Univer- 
sity, the sophomore chemistry majors have included 
the micro Kjeldahl determination in their work for 
several years. They become: acquainted with the 
microbalance and its errors, the application of weight 
corrections, titration errors, dissolving of alkali. from 
glass and sampling errors. 

In one sense it makes little difference whether a 
student gets a precision of one part per thousand or one 
per cent. The important thing is that he knows why 
his result is as good as it is. He should also be able to 
design the same experiment so that it will produce 
results whose precision is of any desired magnitude. 

Accomplishment of this end means that instructors 
and textbooks will have to discuss errors and their 
magnitudes more thoroughly than they now do. A 
quantitative determination will have to be presented 
to the student as a study of errors in a particular opera- 
tion. The performance of the analysis merely to get 
an acceptable result must be discouraged. Instructors 
will have to discuss details of the laboratory exercises 
as part of the lecture work. They cannot be left to 
the textbook as is so often done. : 

The writer has for several years been presenting 
quantitative analysis to his students according to the 
ideas indicated in this paper. The student acquires 
quite an unusual regard for quantitative analysis. 
He not only becomes error-conscious, but he thinks 
more about the chemistry of the determination and 
develops an analytical sense which he may never get 
from the empirical approach to the subject. Students 
who have been thoroughly indoctrinated in this point 
of view seem to do superior work in the graduate school. 
They become better research workers, whether it be in 
analytical or another field of chemistry. 





ULTRASONICS IN CHEMISTRY 


Tere are two main fields in which ultrasonics 
contributes valuable information to chemistry. One 
of these is the investigation of molecular properties of 
fluids by measurement of the velocity of weak ultra- ° 
sonic waves; the other is the study of chemical reactions 
which are caused or accelerated by intense ultrasonic 
irradiation (2, 8). 


MOLECULAR PROPERTIES 


Inasmuch as a sound wave is a mechanical impulse 
transmitted from molecule to molecule, one expects the 
chemical structure to affect the speed of transmission. 
Among the properties of molecules which have been 
related to ultrasonic velocity are molecular weight, 
molecular volume, change of association with tempera- 
ture, adiabatic compressibility, and the ratio of specific 
heats. 

Sound velocity in liquids is most accurately deter- 
mined by means of an ultrasonic interferometer (3, 15). 


External Appearance of One-Megacycle Ultrasonic 
Interferometer. 


Figure 1. 
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Figure 1 shows the external appearance of a one- 
megacycle interferometer (complete with oscillator 
and heating and cooling systems) which requires about 
300 ml. of sample. Ultrasonic frequencies are more 
convenient than audible frequencies, since at one kilo- 
cycle the wave length in many liquids is about one 
meter, while at one megacycle it is about one milli- 
meter. 

Molecular Weight. A new procedure (10) for deter- 
mining the number-average molecular weights of 
liquid polymers is based on the velocity of sound in 
the liquid. This method makes use of an equation 
which expresses the molecular weight as a function of 
the cube root of sound velocity, the specific refraction, 
and two empirical constants which must be evaluated 
for each series. An average accuracy of 2 per cent was 
attained for the polyethylene glycols, and also for the 
homologous series of primary normal alcohols. 

The variation of sound velocity with molecular weight 
in a series of silicone fluids is presented in Figure 2, 
together with the magnitude of the temperature co- 
efficient (13). 

Molecular Volume. In the van der Waals equation 
of state for one mole of a gas 


(P+ i) V-» = RF 


the quantity b represents four times the actual volume 
of the molecules in thermal motion. If one differenti- 
ates this with respect to density, and substitutes the 
square of sound velocity for the partial derivative of 


pressure with respect to density, the result (7) after § 


certain approximations is 

_M RTT 4 + Mov? 

dad vd + 3RT — 1] 
where v is sound velocity, M is molecular weight, and d 
is density. The values of b calculated in this manner 
for the primary normal alcohols (11) are plotted in 
Figure 3. As expected from the additive nature of the 
molar volume 6 is seen to be an additive property of 
the molecule. 

Temperature Change of Molecular Association. For 

a given liquid the ratio of density to the cube root of 
sound velocity is usually a constant, which is indepen- 
dent of temperature (6). In the case where the mole- 
cules are highly associated, however, this ratio is no 
longer constant. The changes in this ratio have been 
utilized to estimate the decrease in the association of 


water between 0° and 100° (12). 
Adiabatic Compressibility. According to acoustic 
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theory, the reciprocal of the adiabatic compressibility of 
a medium equals the product of the sound velocity 
squared and the density. Computing by this relation, 
we find, for example, that the compressibility of ring 
compounds is smaller than that of comparable chain 
compounds, and that the adiabatic compressibility of 


SOUND VELOCITY IN THE POLYDIMETHYSILOXANE FLUIDS 
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Figure 2. Semilogarithmic Plot of Sound Velocity of the Polydi- 
methylsiloxanes at 30° and 50.7°C. 
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the primary normal alcohols is approximately a function 
of the inverse fourth root of the number of carbon atoms 
in the molecule (11). 

In thermodynamics the ratio of the isothermal com- 
pressibility to the adiabatic equals the ratio of the 
specific heat at constant pressure to that at constant 
volume. The isothermal compressibility may be ob- 
tained from static measurements, or may be calculated 
if several other physical properties are known. As the 
molecule becomes more complex, the ratio of ‘specific 
heats is expected to decrease. This has been verified 
for a series of polydimethylsiloxane fluids, where the 
ratio decreases slightly but monotonically as the 
molecular weight increases (13). 

Ratio of Specific Heats in Gases. It is even simpler 
to determine this ratio y in the case of perfect gases, 
where y = v?M/RT. This relation was employed by 
Lord Rayleigh in demonstrating that argon is a mona- 
tomie gas. The specific heats of propylene (9) and of 
butadiene (1) have been determined by means of a 
similar relation, which includes the second virial co- 
efficient as a correction for the nonideality of the gas. 


ULTRASONIC CHEMICAL REACTIONS 


This second major subdivision of sonochemistry is 
concerned with certain effects of intense ultrasonic 
waves such as the formation of hydrogen peroxide in 
water containing oxygen, the decrease of the viscosity 
of gelatin solutions, the reduction of mercuric chloride 
by oxalate, and the rearrangement of benzazide (5). 

For the relatively high frequencies used a piezo- 
electric quartz generator is most suitable. It consists 
of a-radio transmitter which feeds several hundred 
watts of high-frequency electrical energy into a quartz 
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crystal mounted in transformer oil, in which the re- 
action vessel is also immersed. (The function of the 
quartz transducer is, of course, to change the oscillatory 
energy from electrical to mechanical at the same ‘fre- 
quency.) Continuous circulation and external cooling 
of the oil are necessary for extended operation. Even 
so, it is not easy to maintain precise temperature con- 
trol in the reaction vessel. A commercial apparatus 
of this type, the Ultrasonorator, operates at any of four 
frequencies: 0.3, 0.7, 1.0, and 1.5 megacycles. There 
is little evidence for the superiority of any one frequency, 
especially since it is difficult to measure the acoustic 
energy present inside the reaction vessel. Consistent 
reproducibility of 5 per cent in quantitative chemical 
effects appears to be a goal not yet attained. 

One reaction that proceeds rapidly under ultrasonic 
irradiation is the liberation of iodine from a solution of 
potassium iodide containing a little carbon tetrachlo- 
ride. Apparently the mechanism involves breaking of 
the carbon-chlorine bond and subsequent oxidation of 
iodide by this free chlorine. This reaction was studied 
(14) under the following conditions: 20 ml. of 1 N 
KI, 1 ml. of CCl, and 1 ml of 1 per cent starch solution 
were placed in a 50 X 400-mm. test tube clamped 
directly over the quartz crystal; with the electrical 
input adjusted to 300 volt-amperes the iodine produced 
was titrated continuously with 0.01 N sodium thiosul- 
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Figure 3. Additivity of Van der Waals B for Normal 
Alcohols. , 


fate. Figure 4 shows that the reaction rate is greatest 
at first, probably because the dissolved oxygen is also 
activated and liberates some additional iodine. After 
a few minutes the oxygen is exhausted, and the reaction 
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rate becomes quite constant. It is to be noted in this 
connection that both potassium iodide and carbon 
tetrachloride are present in large excess. Doubling 
the’starting amount of KI solution causes an increased 
(but not doubled) reaction rate. 

Another interesting effect is the depolymerization of 
high polymers. For example, the molecular weight 
of polystyrene in toluene solution is reduced from 
300,000 to 40,000 in two hours (4). The degradation 
is very rapid at first, but an equilibrium state is ap- 
proached quickly. 

It is presumed that the great energy required to 
break chemical bonds becomes available through either 
(a) friction between macromolecules and solvent, or 
(b) friction accompanying cavitation, which is the 


formation and collapse of small bubbles in the liquid at’ 


the rarefactions in the wave. 

Besides causing reactions by intense ultrasonics, 
one can also measure the rate of ordinary reactions by 
means of the sound velocity measurements discussed 
in the first section. If the molecules in a solution are 
undergoing pronounced chemical changes, transmission 
of the ultrasonic wave will be affected. Thus, in a 
2 per cent starch solution the sound velocity increases 
by small but definite amounts during the process of 
digestion by saliva (14). 
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ERRATA 


WE regret that due to an oversight certain corrections were not made in the short paper by 


Tolpin and Others, on page 513 of our October number. 


The senior author’s address should 


have been Standard Oil Company, Chicago, Illinois, and the next to the last paragraph should 
have been amended to read: ‘“‘Article No. 1 was not adequately reported, although a later article 
by these authors touching on this subject was covered. Article No. 2 was well abstracted,-as was 
No. 3. The fourth, fifth and sixth articles were not located in the abstracting journals mentioned. 
Chemical Abstracts paid more attention to this material than Chemisches Zentralblatt.” 








THE SEARCH FOR TRITIUM—THE HYDROGEN 
ISOTOPE OF MASS THREE 


INTRODUCTION 


It has become apparent, as a result of studies carried 
out during the past few years, that the hydrogen isotope 
of mass three can be considered a very useful tracer 
atom (1). This isotope, commonly called tritium, will 
serve the purposes of the chemist and biologist in a 
manner comparable to the role of deuterium, the stable 
isotope of mass two. The search for tritium in nature 
started almost as soon as deuterium was discovered and 
is still going on at this time. Experiments carried out 
recently by the author (2) and described later in this 
article show that there is less than one tritium atom in 
10” atoms of ordinary hydrogen. In 1939 and 1940 
tritium was prepared by nuclear transmutation reac- 
tions and shown to be a radioactive isotope having a half 
life of 31 + 8 years. It is an emitter of beta particles 
that have the unusually small energy of only about 
15,000 electron volts. 

The hunt for tritium has engaged the attention of 
leading scientists in this country and in England. A 
variety of important experimental tools was employed 
in these researches. In common with other notable 
discoveries—an observation that is occasionally ignored 
in chemical education—incorrect conclusions and blind 
alleys dotted the path leading to its ultimate discovery. 
A résumé of the search for tritium is given below. It 
may serve to demonstrate how the varied tools of science 
have been utilized in attacking an apparently simple 
and fundamental research problem. 


THE DISCOVERY AND CONCENTRATION 
OF DEUTERIUM 

Since the approach to this problem was based in the 
main upon the methods that were used successfully in 
the discovery and concentration of deuterium, it may 
be well to review briefly some familiar ground dealing 
with this very useful isotope. 

The hydrogen isotope of mass two, deuterium, was 
one of the relatively few isotopes that were first detected 
by a spectroscopic method. Urey, Brickwedde, and 
Murphy (3) in December, 1931, were able to detect two 
very faint lines close to the familiar Balmer lines of 
ordinary atomic hydrogen. It could be shown by the 
application of quantum mechanics to the hydrogen 
atom that there would be a small, yet measurable separa- 
tion of corresponding lines in the spectrum of hydrogen 
isotopes. ‘These investigators showed that the ‘meas- 
ured separations corresponded exactly with the calcu- 
lated lines for a hydrogen atom of mass two. The 
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hydrogen sample that they used was obtained as the 
residue from a large amount of liquid hydrogen that had 
been allowed to evaporate down in order to concentrate 
the supposedly less volatile heavier isotope. It is inter- 
esting to note that these investigators looked for lines 
for the isotope of mass three at this time but positive 
evidence was not obtained. 

An unusual and significant development took place 
when it was discovered that deuterium could be concen- 
trated by the electrolysis of aqueous solutions. As 
early as 1923 Kendall and Crittenden (4) had suggested 
that isotopes might be separated by electrolysis. There 
appeared little evidence to confirm this until 1932. In 
July of that year, Washburn and Urey (5) found that 
when ordinary water is electrolyzed under certain con- 
ditions, the atoms of mass one are liberated about six 
times as readily as those of the heavier isotope. Thus, 
by continued electrolysis, the small residue can become 
highly concentrated in deuterium. Only about two 
atoms of deuterium are present in 10,000 atoms of 
hydrogen. Taylor, Eyring, and Frost (6) reported in 
1933 that it is necessary to electrolyze ordinary water 
until it is reduced to about one one hundred-thousandth 
of its original volume in order to obtain water containing 
99 per cent deuterium. The electrolytic separation 
factor, s, is defined: 


$= (5) sne/! (5) weuis (1) 


where H and D are the concentrations of the two iso- 
topes in the phases indicated. 

The change in isotopic abundance as a result of elec- 
trolysis can be calculated from the separation factor (s) 
and the initial and final volumes of solution Vo and V, 
respectively, by the formula: p 


Ho\/D\s Vo\s—1 
(r)(a,) - (F) m 
where (Ho, Do) and (H, D) refer to the concentrations 
of the isotopes before and after the electrolysis, respec- 
tively. Values of s between six and eight have been 
observed for silver, nickel, and platinum electrodes at 
room temperature (7). 


THE SEARCH FOR TRITIUM 


Spectroscopic Method. As described above, deuterium 
was first detected by observing faint lines in the Balmer 
spectrum that were separated from much more intense 
lines by an amount predicted by theory for a hydrogen 
atom of mass two. Since it was highly probable that 
any tritium present in ordinary hydrogen would be 
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concentrated along with deuterium, Lewis and Sped- 
ding (8) early in 1933 examined a deuterium-enriched 
sample of hydrogen using the spectroscopic method. 
Their sample contained about 67 atom per cent of 
deuterium. It was possible, as in the case of deuterium, 
to predict from theory the displacement of the tritium 
lines from the main lines of light hydrogen. No tritium 
lines were observed within the sensitivity of their appa- 
ratus. As a result they concluded that less than one 
tritium atom is present in 6 X 10° atoms of ordinary 
hydrogen. 

Magneto-optic Method. At about the same time the 
problem was attacked by the magneto-optic method 
first reported by Allison in 1927 (9). This method is 
concerned with the rotation of the plane of polarization 
of light by transparent substances when placed in a 
magnetic field. The latter is called the Faraday effect. 
The method attempted to measure the lag of the Fara- 
day effect behind the magnetic field and to correlate the 
data with minute traces of substances present in the 
solution. In September, 1933, Latimer and Young 
claimed that tritium could be detected by this method 
in water containing two atom per cent of deuterium 
(10). It now appears generally recognized, however, 
that the evidence for tritium by this method is highly 
questionable. 

Mass Spectrometer Studies. At this point a number 
of painstaking studies were carried out using the mass 
spectrometer. The starting material for the studies 
were hydrogen samples that were very rich in deuterium. 
Estimates could be made of the factor by which the 
tritium had become enriched in these samples as com- 
pared with normal abundance by using equations simi- 
lar to equation (2) above. The currents of ions pro- 
duced from these samples were analyzed in the mass 
spectrometer. The critical step in this work is the 
establishment of definite proof that molecular ions of 
mass five correspond to (DT’)+ instead of the triatomic 
molecule ion not containing tritium at all (HDD)*. 
Attempts were made to distinguish between the two 
ions by studying the ion currents as a function of pres- 
sure inside the mass spectrometer tube. By combining 
these results and the tritium enrichment factor stated 
above, it would then be possible to state the abundance 
of tritium in ordinary hydrogen. Bleakney and Gould 
(11) were able to conclude in January, 1934, that there 
is less than one tritium atom in 5 X 10° atoms of ordi- 
nary hydrogen. 

By using a more sensitive instrument and a sample of 
almost pure deuterium, Lozier, Smith, and Bleakney, 
working at Princeton, reported in April, 1934, positive 
evidence for the existence of tritium in nature (12). 
They plotted the ratio ([/P) as a function of the. pres- 
sure P where J is the ion current of mass five ions while 
the pressure P is measured by the number of D,* ions. 
They observed an appreciable intercept at the extra- 
polated P equal to zero. They interpreted this inter- 
cept as a measure of the ratio TD/D2. The data ap- 
peared to rule out the triatomic ion (HDD)* since it 
was assumed that the concentration of triatomic ions 
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would become negligible in the low-pressure range. It 
appeared from their data that five atoms of tritium were 
present in about one million atoms of their deuterium 
sample. After calculating the enrichment that took 
place in the preparation of their deuterium sample, they 
concluded that about one atom of tritium is present in 
one billion atoms of ordinary hydrogen. 

Nuclear Physics Experiments. At about this time, 
evidence for the presence of tritium was sought by the 
nuclear physicists. In May, 1934, Tuve, Hafstad, and 
Dahl (13) working in Washington, D. C., reported posi- 
tive evidence for the existence of tritium atoms of 
numerical abundance roughly equal to that reported by 
the Princeton group. These investigators projected 
high-speed ions obtained from a deuterium sample 
through an accelerating potential ranging up to about 
one million volts. They plotted the ranges in air of the 
high-speed particles as a function of the accelerating 
potential and looked for a curve that would correspond 
to a hydrogen atom. of mass three. 

In the meantime a very significant communication 
was reported in the March 17, 1934, issue of Nature by 
Oliphant, Harteck, and Rutherford, working at-Cam- 
bridge (14). High energy deuterons (ranging up to | 
several hundred thousand electron volts) were used to 
bombard deuterium atoms in target compounds. A 
pronounced emission of protons as well as neutrons was 
observed as products of the reaction. Two possible 
nuclear reactions were postulated: 

D? + Di? —> H} + Hi! (3) 


deuteron tritium proton 


D,? + D,? —> He.? + no! (4) 
deuteron neutron 


They concluded that ‘‘while the nuclei of H* and He 
appear to be stable for the short time required for their 
detection, the question’ of their permanence requires 
further consideration.” 


More Extensive Electrolysis—Mass Spectrometer 
Studies. It still appeared desirable to check the mass 
spectrometer approach to this problem more thor- 
oughly. In April, 1935, Selwood, Taylor, Lozier, and 
Bleakney, working at Princeton University (14), re- 
ported the results of such an experiment. In order to 
effect as large an enrichment of tritium as possible, 75 
metric tons of ordinary water were electrolyzed down to 
0.5 ml. of practically pure D,O. This represents a reduc- 
tion in volume by a factor of 150 million. The mass 
spectrometer data appeared to indicate the presence 
of an ion of mass five, interpreted as (DT)+. On this 
basis, one atom of tritium was present in only 104 atoms 
of the deuterium sample. On the basis of the exhaus- 
tive electrolysis mentioned above, they concluded that 
the abundance of tritium in ordinary hydrogen is about 
7 atoms in ten billions. 

In August, 1937, Lord Rutherford, eminent pioneer 
in nuclear studies, published a careful appraisal of the 
evidence for tritium to date (16). He reviewed the 
positive evidence for the formation of tritium from the 
deuterium bombardment reaction stated above (equa- 
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tion (4)). However, he reported nggative results in the 
extensive electrolysis-mass spectrometer project that 
he had concluded. A large-scale electroysis experiment 
had been set up at a hydroelectric plant at Oslo, Nor- 
way, for the purpose of producing pure heavy water. 
The starting material for the electrolysis was a 43.4-kg. 
batch of heavy water having a deuterium content of 
99.2 atom per cent and prepared by the prior electrolysis 
of about 13,000 tons of ordinary water. The 43.4-kg. 
batch was then electrolyzed down to only 11 ml. Deu- 
terium prepared from this final residue was sent to the 
laboratory of F. W. Aston, Nobel prize winner for work 
in the field of mass spectrometer analysis. Aston 
could not detect any positive evidence for the (DT)* 
ion and concluded that there was less than one atom of 
tritium in 100,000 atoms of the enriched sample. The 
Princeton group had reported that about one atom of 
tritium was present in 10,000 atoms of their enriched 
sample. Rutherford did point out, however, that the 
two experiments were not strictly comparable since the 
initial electrolysis of the Norwegian sample had not 
been carried out under ideally controlled conditions. 

' As a result of the above experiments the problem of 
the natural abundance of tritium was left in an unsatis- 
factory state. In order to resolve the problem, the 
Princeton group embarked on an even more thorough 
study. The heavy water sample used in the work de- 
scribed above (15) was decomposed on a hot tungsten 
filament and the deuterium allowed to flow through a 
system of 29 glass diffusion pumps in order to further 
concentrate any heavier molecules having the formula 
DT. After a careful mass spectrometer analysis, Sherr, 
Smith, and Bleakney (17) concluded that they had found 
no evidence for tritium and that previous interpretations of 
similar data were in error. In the light of their results 
they suggested that it would be of interest to repeat the 
work of Tuve, Hafstad, and Dahl, referred to above. 
Estimating the total tritium enrichment from electroly- 
sis and diffusion, they could definitely assert that less 
than one atom of tritium is present in 101? or one thou- 
sand billion atoms of ordinary hydrogen. This impor- 
tant negative result was reported in 1938. 


THE IDENTIFICATION OF TRITIUM AS AN ARTI- 
FICIALLY RADIOACTIVE ISOTOPE 


In September, 1939, Alvarez and Cornog, working at 
the University of California Radiation Laboratory, 
made a notable contribution to this subject (78). Fol- 
lowing the pioneer experiments of Oliphant, Harteck, 
and Rutherford cited above, they bombarded deuterium 
gas with high-speed deuterons and passed the resulting 
gas mixture into an ionization chamber connected to an 
amplifier. Any radioactivity in the gas would initiate 
ionization in the chamber and be registered as an ioni- 
zation current. The gas showed a definite activity of 
long half life. These investigators proved that the 
activity was associated with hydrogen molecules by 
circulating the gas through activated charcoal at liquid 
nitrogen temperatures and by allowing the gas to diffuse 
through hot palladium. They showed that the par- 
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ticles emitted by the radioactive atoms had a very short 
range and therefore low energy. They concluded that 
the radioactive tritium was formed according to equa- 
tion (3) above. 

Further information dealing with the production and 
properties of tritium was reported by the University of 


Illinois investigators, O’Neal and Goldhaber, at an 


April, 1940, meeting of the American Physical Society 
(19). They found that beta particles having an energy 
of 13,000+5000 electron volts were emitted from an 
“aged” beryllium cyclotron beam target that had pre- 
viously been bombarded with one million electron volt 
deuterons. It appeared plausible to ascribe the activity 


to tritium from the magnitude of the beta particle 
energy. These workers postulated that the tritium 
could have been formed by the reaction: 


Be® + D? —> Be® + H! (5) 


They showed that a radioactive gas could be extracted 
from the beryllium target either by heating the latter 
or by dissolving it in sulfuric acid. In September, 1940, 
they showed that the half life of trivium was 31+8 
years (20). In the following year Brown found that 
the beta particles emitted by tritium can penetrate 
only 131 mm. of helium gas at atmospheric pressure 
(21). Shortly thereafter, O’Neal’s measurements con- 
firmed this value and set a more reliable value for the 
beta particle energy at 15,000 +3000 electron volts (22). 


USE OF A MORE SENSITIVE METHOD FOR STUDYING 
TRITIUM ABUNDANCE 

By the end of 1938 it had been concluded that less 
than one atom of tritium is present in 10!* atoms of 
ordinary hydrogen. The experiments leading to this 
conclusion have been described above. Recently the 
author has attempted to reduce this upper limit by using 
the radioactivity associated with tritium as a quantita- 
tive indication of the presence of tritium. This method 
is many million times more sensitive than the mass 
spectrometer technique described above for this par- 
ticular isotope. 

The method employed consists essentially in deter- 
mining the number of beta particles emitted per unit 
time in a space containing a known number of hydrogen 
atoms. Let us assume that there are An, beta particles 
emitted in the time At for a sample containing n7 atoms 
of tritium in N, atoms of hydrogen. The half life of 
tritium is f:;,. It is possible to solve for n; in terms of 
the measured counting rate and known half life using 
the familiar equation of radioactive decay: 


Anr\ _ 0.693n7r 
~ Cai ee © 
The moles of hydrogen gas at pressure P and tempera- 
ture T°K. occupying a volume V is calculated using the 
familiar perfect gas law equation: 


Wl 
Moles of hydrogen = RT (7) 


and the number of hydrogen atoms is given by: 








| 2NaPV 
Nu = Rr 


(8) 
where N, is the Avogadro number. Then the atom 
fraction of tritium is given by the relationship n7/N, 
using equations (6) and (8). In the event that the 
hydrogen sample used has become enriched in tritium 
relative to normal by a factor (F), then: 


nT 
War | O) 





Atom fraction tritium in normal hydrogen = 


Tritium is conveniently counted by adding the hydro- 
gen sample directly to the inside of the Geiger-Miiller 
counter tube. Since hydrogen is a poor counting gas, 
an argon and ethyl alcohol vapor mixture is also added 
to the counter tube. The tube used in these experi- 
ments is shown in Figure 1. The normal background 
count (caused by cosmic radiation, radioactivity in sur- 
rounding material) was 2.85 counts per second. Deu- 
terium gas at a pressure of 22 mm. was added to the 
counter tube. It was observed that the addition of the 
deuterium gas did not change the counting rate within 
the precision of the measurements. The average devi- 
ation (based on four independent experiments) was 
0.03 count per second. This value was used in order to 
calculate a new upper limit to tritium abundance. 

Using equations (6-8) above and the following numeri- 
cal values An;/At = 0.03 count per second (upper 
limit); t,/,=31 years; P=22 mm.; V=200 ml.; 
T =300°K., it follows that the atom fraction of tritium 
in ordinary water or hydrogen is less than 1.5 X 10—"4/F, 
where F is the factor by which the tritium was en- 
riched in the electrolysis of normal water from 99.98 
per cent H to the final 95 per cent D content. The 
enrichment factor F was calculated using the separa- 
tion factors (equation (1)) and an equation similar to 
equation (2). Some separation factors for H:T have 
recently been measured by the author (23). Taking 
the s values for H:D and H:T as 5 and 10, respectively, 
F equals 2.0 X 104. Taking the corresponding s values 
to be 6.5 and 13, F equals 1.3 X 104. If we use 1.5 X 
10‘ as the probable F value, then there is less than one 
tritium atom in 10" atoms of ordinary hydrogen. It is 

clear from this value that the search for tritium by the 
less sensitive methods described above could not be 
successful. By exhaustive electrolysis and concentra- 
tion of heavy water or hydrogen, it will be possible to 
decrease the magnitude of this upper limit. This value 
may be of interest, since tritium is a possible reaction 
product in nuclear processes taking place in the atmos- 
phere of the earth (24). 
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Figure 1. Geiger Counter Tube 
Used for Tritium Counting 


The copper gauze cathode (B) is 
made of 100-mesh gauze. The tung- 
sten wire anode (A) has a diameter of 
4 mil. The glass envelope (F) en- 
closes the electrodes. Glass supports 
at C are used for the insertion of 
standard activity uranium solutions 
in order to check counter action. The 
capillary stopcock (D) goes to the gas 
filling line while the 6-mm. bore stop- 
cock (Z) goes to the high vacuum line. 
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A PARTIAL SOLUTION FOR FRESHMAN 


CHEMISTRY CONGESTION 


RALPH E. DUNBAR 
North Dakota Agriculture College, Fargo, North Dakota 


Mosr cotzecrare institutions today are facing 
numerous grave, complicated, and necessary adjust- 
ments due to increased enrollments, not the least of 
which is the congestion prevalent in many chemical 
laboratories. The situation has been particularly 
acute due to the inability of securing adequate teaching 
help, sufficient supplies of chemicals and apparatus, 
and to properly provide for and utilize the available 
laboratory space, desks, and lockers. Many institu- 
tions have assigned the same lockers and equipment to 
several students to be used at different times during 
the week with a pro-rating of the breakage and fees 
involved. Such an arrangement frequently leads to 
dissatisfaction, inefficiency, and wanton waste. 

A partial solution to this problem has been provided 
by constructing a series of individual lockers (Figure 1) 
which are used by those students that could not nor- 
mally be cared for by the existing laboratory facilities. 
A local planing mill has built substantial drawers that 
measure 10 in. wide, 9 in. deep, and 20 in. long, 
inside measurements. Each is provided with a sub- 
stantial “lock” and “‘pull.”” These individual drawers 
are then assembled in units of twenty-five, five by 
five, and placed in sturdy cabinets which can be 
located at convenient open spaces in the laboratory, 
or adjoining hall. Care must be exercised that each 
series of horizontal drawers is completely separated 
from the next higher or lower series by a solid partition 
so that the contents of one drawer cannot be reached by 
removing any other drawer. The dimensions sug- 
gested have been found to be adequate for the usual 
freshman chemistry equipment, including a ring stand, 
test-tube stand, funnel support, beakers, burner, flasks, 
etc. When once the usual supply of student lockers in 
the traditional desks have been exhausted, assignments 
are made from the new cabinet type lockers for new 
sections. At the beginning of the laboratory period 
involved, each student removes his drawer with equip- 
ment from the cabinets and places the same upon the 
work desk assigned for subsequent use. At the end 
of the same laboratory period, the equipment is again 
returned to the drawer and cabinet and locked where it 
remains until again needed. The only limiting factors 


} now are available laboratory periods per week, wotking 


floor and desk space for students at any one time, and 








An Assembly of Four Units Providing Lockers for One 
Hundred Students 


Figure 1. 


empty wall or hall space that can be pressed into service 
for storage of the cabinets. Thus far the new units 
have been used only for freshman inorganic sections. 
As the congestion progresses to more advanced levels, 
similar units will be used for qualitative and organic 
chemistry classes to provide for the over-flow. The 
cost for providing these new storage’ units has been 
less than $5.00 per student. This is noticeably less 
than the cost of constructing new buildings or labora- 
tories. The results to date have been extremely grati- 
fying, and it has been interesting to note that many 
instructors already prefer these lockers to the former 
desk type because of greater flexibility in caring for 
large chemistry sections. Thus far the freshman chem- 
istry laboratory facilities have been more than doubled, 
while still retaining or improving the former quality of 
individual laboratory work and instruction. If the 
time should eventually come, because of decreased 
enrollments, where these new locker units are no longer 
needed for student use, they might then serve as ex- 
tremely neat and practical storage compartments for 
any of the stock-rooms in the building. 





LABORATORY EXPERIMENTS WITH 
CHEMICAL WARFARE AGENTS' 


Editor’s Note: 


WALTER KINTTOF 
(Translated from the German) 


This is a continuation of a translation of a large por- 


tion of a German textbook by Walter Kinttof begun in the December, 
1947, issue. 


SMOKE AGENTS 


When the sky is obscure as the result of very fine 
liquid particles (diameter 1 X 10-? to 1 X 10-*cm.) 
floating in the air, in common language this is called 
a ‘fog,’ while, if solid particles are present, this is 
called a ‘‘smoke.’”’ We will drop this differentiation 
and designate all artificial obscuring substances, re- 
gardless of the physical state of their aerosols, as ‘‘arti- 
ficial fogs.” 

The artificial fogs have as their purpose that of 
hiding from the sight of the enemy persons, buildings, 
movements, etc., for a short or long period. The 
suitability of the fog for this purpose depends on the 
following factors: (1) the fog must have good camou- 
flaging capacity and covering capacity, 7. e., its optical 
thickness must be as great as possible; (2) it must be 
resistant both against heat and humidity (water con- 
tent of the atmosphere, raitis, etc.); (3) the fog-pro- 
ducing device must be easy to handle and transport; 
and (4) the product must be very cheap so that, with 
small amount of material and expense, an intensive 
screening effect might be produced. 

The importance of artificial fog for air protection 
(camouflage service) lies both in the possibility of 
screening important works (plants, railway stations, 
communication centers) and entire villages and in the 
usage for camouflage from enemy flying squadrons 
(simulation of screening and pasture, etc.). From 
the tactical viewpoint fog may be used for both defen- 
sive and offensive purposes. 

According to their chemical compositions, the 
screens may be classified as follows: acid, chloride, 
and colored screens. 


ACIDIC SCREENS 


All screens are designated acid in which the smallest 
particles consist of acids or their anhydrides. 
most important representatives are the screens pro- 
duced from phosphoric acid. A less important role is 
played by titanic and silicic acid screens (as different 
from practice here, in America the titanic acid screen- 





1 Copyright vested in the Attorney General, pursuant to law, 
and published here by permission of the Attorney General in the 
public interest under License No. JA-1213, as was the article 
“Chemistry in War,” by Fritz Haber, in our, November issue, 
1945. 


Their : 


ing agent is used in great quantities) which carry over 
into the classification group of chloride screens. 


Phosphoric Acid Screening Agent 


In Experiment 1 we became acquainted with the 
formation of phosphoric acid screens. The yellow 
phosphorus which is superheated combines very 
quickly with the oxygen of the air to produce a flame 
with the formation of phosphoric pentoxide (P,0;) 
which vaporizes and is converted by the humidity of 
the air according to the equation 3H,O + P.O; — 
2HsPQ, to droplets of phosphoric acid which represent 
the phosphoric acid smoke. 

Especially intensive is the cloud formation of the 
phosphorus when it is pressed in a liquid state above 
its ignition temperature through a fine spinarette into 
the atmosphere. Suitable devices were constructed 


especially after the World War to secure this effect: | 


Such an apparatus is the so-called ‘‘phoda blower’ of 
the chemical firm Hugo Stoltzenberg, Hamburg. By 
this device a large amount of yellow phosphorus, 
melted by steam and heated to 100°C.., is blown by the 
steam through fine spinarettes into the atmosphere. 
Upon emerging into the atmosphere, the phosphorus 
burns with a great flame forming a thick white screen. 
We can imitate the great effect of this smoke produc- 
tion by the following experiment, which explains also 
the principles of the Stoltzenberg device. 

EXPERIMENT 21. In the test tube (a of 5) of the 
““Microphoda blower’ are placed three rods of phos- 
phorus of 5-6 cm. in length and of 3-4 mm. in diameter. 
Then water is poured over them so that it almost comes 
up to the side tube. The container is then closed with 
a cork bored through and a capillary tube of copper, 
and heated on a stand in a water bath up to 70-80°C. 


FIGURE 2 
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(Thermometer!) Then the apparatus is taken out- 
doors and the rubber blower is put to work. By this 
means the liquid phosphorus is pressed through the 
capillary copper tube and comes out from the nozzle 
and ignites in the air, thus producing an enormous 
cloud (Fig. 2). 

Use: The phosphoric acid cloud is especially val- 
uable for its strong camouflaging capacity—20 mg. 
per cm. makes objects invisible from a distance of 5-6 
meters. On the other hand, there are a number of dis- 
advantages. Due to the strong hygroscopic nature 
of the phosphoric acid, the cloud condenses into drops, 
becomes heavy, and sinks quickly to the ground. 
Also the danger of the phosphorus (fire, wounds, tox- 


icity) limits its use considerably as a screening agent. - 


The production of phosphoric acid clouds by means of 
the Stoltzenberg phoda blower is dependent on the ex- 
istence of a steam power plant, and therefore it can 
be taken into consideration only for the Navy. 


Sulfuric Acid Screen Agent 

Sulfuric acid clouds are formed by combining the 
moisture of sulfuric acid with sulfuric anhydride (SOs). 
The SO; may be volatilized from its solution in con- 
centrated sulfuric acid, or chlorosulfonic acid vapor 
may be hydrolized by the water vapor of the air. A 
particularly noticeable effect is secured by using a 
solution of sulfuric anhydride in chlorosulfonic acid. 
The evaporation of the screening agent can occur 
either as a result of mechanical or chemical means. 

The cloud-producing devices used in the following 
experiments correspond in general to the smoke- 
spraying device in which the necessary pressure is 
furnished by compressed gases which can be produced 
also in the interior of the apparatus by chemical means, 
and the ‘‘cloud lime device.’’ Moreover, in warfare, 
the volatilization of acid agents may be made to take 
place through using the escaping gases of motors, 7. e., 
airplanes. 


Production of Sulfuric Acid Clouds by Mechanical Means: 


EXPERIMENT 22. (This is an outdoor experiment.) 


§ In a 150-ce. filter flask is placed 50 cc. of fuming sul- 


furic acid with 30 per cent or, better still, 65 per cent 
free anhydride, or 50 cc. of chlorosufonic acid (cf. Exp. 
24), or 50 ce. of a solution of 50 g. of fuming sulfuric acid 
with 65 per cent anhydride content in 50 cc. of chloro- 
sulfonic acid. 

The flask is connected by means of a one-hole rubber 


] stopper to a Pfaul’s sprayer (ten liter per hour capacity) 
J and attached to the suction pipe is a rubber blower, 
7 by means of which the acid in the tube is forced out 


and is dispersed from its fine nozzle (Fig. 3). 
Result: During the dispersion of the fuming sul- 


A furic acid or chlorosulfonic acid or a mixture of these 


two as a result of the release of the anhydride SO;, a 
thick white cloud of sulfuric acid or sulfuric acid-and 
hydrochloric acid is produced, which causes a strong 
irritating cough. This can be avoided by using a 
handkerchief (preferably a wet one) held to the mouth 

















FIGURE 3 


and nose. (Counter-experiment with common, con- 
centrated sulfuric acid. Results?) 


Production of Smoke Screens from Sulfuric Acid by 
Chemical Means: 

EXPERIMENT 23. In a 250-ce. suction flask place a 
layer of white sand 1 cm. thick. Above this add a 
layer of granulated quicklime (granulated in a mortar. 
Eye protection!). Close the flask by means of a per- 
forated stopper with a funnel having a glasscock. The 
funnel is charged with 50 cc. of fuming sulfuric acid 
(65 per cent anhydride content) or, better, a solution 
of one part thereof in one part chlorosulfonic acid. 
Now add the acid dropwise from the funnel which is 
covered with a glass plate (Fig. 4). 








FIGURE 4 


Result:' The quicklime reacts so strongly, even in- 
creasing to a red heat with the fuming sulfuric acid, 
that the sulfuric trioxide evaporates from the solution 
and eventually, mixed with chlorosulfonic acid vapors, 
it leaves through the side tube of the flask in the form 
of a dense smoke cloud. 

EXPERIMENT 24. In the bulb of a special retort of 
which the delivery tube terminates in a Liebig con- 
denser, introduce 100 cc. of pyrosulfuric acid (fuming 
sulfuric acid with 50 per cent free anhydride content) 
or 80 g. of common fuming sulfuric acid with 65 per cent 
anhydride content.. Then the inlet tube provided 
with a ground-in piece is set up, and dried hydrogen 
chloride (produced by dropping concentrated sulfuric 
acid on bone-dry sodium chloride) from the connected 

















FIGURE 5 


gas generator (suction flask with dropping funnel) is 
passed into it until no more absorption occurs (recog- 
nizable by the decrease of temperature in the reactor 
flask as well as by the exit of hydrogen chloride vapors 
from the adapter). Then the gas-inlet piece is re- 
placed by the ground-in piece combined with a ther- 
mometer, and then it is distilled over a wire screen 
into the adapter provided with a calcium chloride tube. 
The fraction from 155 to 165°C. is collected separately. 

Result: Wydrogen chloride combines with sulfuric 
trioxide to form an acid which fumes strongly in the 
air, that is, chlorosulfonic acid which boils at 155°C. 
under atmospheric pressure. See Figure 5. 

Properties: Chlorosulfonic acid is a water-clear 
liquid having a specific gravity of 1.776 at 20°C. which 
boils at 155°C. under 760 mm. pressure, and at 74- 
75°C. under 19 mm. pressure, and forms a dense cloud 
in the air. The formation of a cloud from the acid de- 
pends on the reaction with water vapor of the air pro- 
ducing drops of sulfuric acid and hydrochloric acid. 
(Tactical use in smoke shells!) 

With liquid water chlorosulfonic acid reacts with 
explosive violence forming sulfuric and hydrochloric 
acids. Chlorosulfonic acid dissolves sulfur trioxide in 
any stage. Material is immediately destroyed by it. 
It produces on the skin burns similar to those caused by 
concentrated sulfuric acid. In organic chemistry 
chlorosulfonic acid is used as a very active sulfurating 
reagent. 

EXPERIMENT 25. (Analysis of chlorosulfonic acid.) 
By means of an eye dropper provided with a long capil- 
lary tube, a small quantity (approximately 0.3 to 0.5 
g.) of chlorosulfonic acid is poured into a tared bulb 
with a stem sealed by flame, and the weight of chloro- 
sulfonic acid is determined. Then the bulb is broken 
under 100 cc. of distilled water which is contained in a 
200-ce. vertical cylinder provided with a perforated 
rubber stopper. This is then shaken until the cloud is 
completely dissolved. By means of a pipet 20 cc. of 
the resulting solution is put into each of two beakers 
and titrated with V/10 KOH using phenolphthalein 
as indicator for total acid and with N/10 AgNO; in 
nitric acid solution for HCl (retitration of excess 
AgNO; with N/10 silver ammonia solution by using a 
drop of ferric sulfate solution as indicator, Fig 6). 

Result: One mol of chlorosulfonic acid is decomposed 
by water into one mol of sulfuric acid and one mol of hy- 
drochloric acid 


. respiratory organs and skin. 
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Of the substances for the production of smokes from 
sulfuric acid, the most effective is a mixture of chloro- 
sulfonic acid and sulfur trioxide, here added in the form 
of pyrosulfuric acid. It is called ‘‘smoke acid.” 

The sulfuric acid clouds excel because of their com- 
paratively long persistency, considerably surpassing 
those produced from phosphoric acid. Sulfuric acid 
drops stay suspended in the air due to their slight hy- 
groscopicity and do not increase as much because of 
moisture from atmospheric humidity as do the phos- 
phoric acid drops. Therefore, they do not become so 
heavy and remain suspended in the air for a longer 
period. ‘ 

Sulfuric acid clouds have an unpleasant effect on the 
As much as 10 mg. per 
cubic meter causes an irksome coughing irritation from 
which one can be protected by holding a wet handker- 
chief over the mouth and nose. Thirty milligrams per 
cubic meter gives such a good screening that in day- 
light, from a distance of 5-6 meters, nothing can be 
seen. Besides this the sulfuric acid clouds are excellent 
due to their considerable inexpensiveness, that is, 1 
kg. of smoke acid costs approximately five cents. Re- 
cently they have been used for prevention of frost in 
springtime on plantations. Probably the main role is 
due to the heat formed by the combination of sulfur 

trioxide with water vapor of the air. 


Titanic Acid and Silicic Acid Smoke 


Screens 


These are formed by dispersing ti- 
tanium or silicon tetrachloride and 
reacting these dispersions with the 
humidity of the air according to the 
equations TiCl, + 2H,O = TiO, + 
4HCl and SiC + 2H;O0 = SiO, + 
4HCl. When ammonia is simultane- 
ously dispersed, their covering capac- 
ity becomes increased because besides 
TiO, or SiOz: ammonium chloride is 
alsoformed. The clouds are harmless 
but expensive, therefore they cannot 
compete with phosphoric acid and sulfuric acid clouds 
despite their good screening properties. 








5 
FIGURE 6 


Smoke Screens From Salts 

Of the many inorganic salts only two are suited for 
smoke screens. They are ammonium chloride and 
zine chloride. They are used as such for smoke pro- 
duction directly or are formed by reaction. As to 
importance, they are not inferior to the smokes pro- 
duced from acids. Having the same good screening 
properties, their handling is considerably simpler. 
In the form of smoke candles of various sizes they can 
be transported anywhere. 


Aramonium Chloride Smokes 
Production by sublimation: 


EXPERIMENT 26. Heat 2 g. ammonium chloride 
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over a direct flame in a copper dish 6 cm. in diameter. 

Result: Ammonium chloride sublimes with heat, 
forming smoke (sublimation point 325°C.). 

EXPERIMENT 27. To produce considerable am- 
monium chloride smoke, a fuel mixture must be used 
whereby a large quantity of ammonium chloride can 
be evaporated in a comparatively short time. 

Two and five-tenths grams of dextrose or potato starch 
is well mixed in a porcelain dish with 3.5 g. potassium 
chlorate and filled ina smoke candle can. In the center 
of the mixture we make a hole with a glass rod, then 
“Jonit”’ is filled in the cavity so made and ignited with 
astormproof match. 

Result: A mixture of carbohydrate and potassium 
chlorate burns when ignited properly, with the forma- 
tion of considerable heat (Fig. 7). 

EXPERIMENT 28. In a porcelain dish 4 g. of am- 
monium chloride, 2.5 g. of potato starch,,and 3.5 g. of 
potassium chlorate are well mixed by means of a spatula, 
and the whole mixture packed into a 10-g. smoke candle 
can and pressed in. Then the mixture is ignited out 
of doors in the above-described manner. 
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FIGURE 7 











Result: A burning fuel mixture of a carbohydrate 
and potassium chlorate will cause ammonium chloride 
to sublime for smoke formation. 


sro by addition of ammonia and hydrochloric 
acid: 

EXPERIMENT 29.’ (Wet method.) The formation of 
ammonium chloride smokes can often be observed in 
laboratories when bottles containing hydrochloric acid 
and ammonia are left open or when the bottles are 
brought close to each other. To make this formation 
of a cloud more dense, use the apparatus which con- 
sists of two suction flasks each provided with a gas in- 
let tube connected in series. In one of the bottles put 
concentrated hydrochloric acid (37 per cent) and in the 
other one concentrated ammonia (35 per cent) close 
to the erids of the inlet tubes. Now flow air through 
them by means of a rubber blower (Fig. 8). 

Result: Vapors of ammonia and hydrochloric acid 
unite to form an ammonium chloride cloud according 
to NH,OH + HCl = H,0 + NH.C1. 

EXPERIMENT 30. (Dry method.) Provide two test 
tubes with short glass tubes drawn toa fine bore. Fill one 
of the tubes with a mixture of 5 g. of ammonium chlo- 
ride and 4 g. of calcium oxide, the other one with 7 g. 
potassium bisulfate and 3 g. of sodium chloride. Set 


o 
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both tubes in a double test tube holder. The necks of 
the tubes are directed against each other. By simul- 
taneous heating of both tubes, hydrogen chloride is 





FIGURE 8 


generated in one of the tubes and ammonia in the other. 
At the exit of the nozzles a cloud of ammonium chloride 
is formed. See Figure 9. 


Zinc Chloride Smokes—Berger Mixture 


EXPERIMENT 31. Ina copper dish 2 g. of zinc chloride 
is heated over the flame of a blast burner. 

Result: Zinc chloride sublimes at a high temperature 
(sublimation point 730°C.). 

EXPERIMENT 32. Two cubic centimeters of carbon 
tetrachloride and approximately 4 cc. of silver nitrate 
solution are shaken in a test tube after closing the mouth 
of the tube with the thumb. 

Result: Carbon tetrachloride does not react with 
the silver nitrate solution. In that compound the 
chlorine is in organic combination, that is, it does not 
form ions with water. 

EXPERIMENT 33. On the bottom of atest tube drop 
one drop of carbon tetrachloride, add a spatulaful of 
zine powder, and fill the test tube along its length up 
to its radius with a layer of zinc powder. Strongly 
heat the zine starting at the mouth of the slightly bent 
tube, and finally vaporize the carbon tetrachloride on 
the bottom of the tube. (Observe the color.) When 
the tube has cooled off, pour its contents on a wet filter 
and wash into another test tube using about 20 cc. of 
distilled water. To the filtrate add a few drops of 
nitric acid and one drop of silver nitrate solution. 
There is a white precipitate! 

Result: With heat zinc powder decomposes carbon 
tetrachloride releasing chlorine. The inorganic bound 


FIGURE 9 
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chlorine reacts with silver nitrate in aqueous solution 
as an ion forming silver chloride. 

The conversion of carbon tetrachloride by zinc 
powder has been used by the Frenchman Berger for 
the production of smoke mixtures. For starting the 
reaction, he added to the mixture of zine and carbon 
tetrachloride sodium or potassium chlorate as a source 
of oxygen. For making denser smoke he added am- 
monium chloride and magnesium oxide. Above 200°C. 
the conversion of zinc and carbon tetrachloride ‘occurs 
automatically with development of heat sufficient to 
sublime the zinc chloride. 

EXPERIMENT 34. In a beaker mix, to form a paste, 
35 g. zine powder, 9 g. sodium chlorate, 7 g. ammonium 
chloride, 8 g. magnesium oxide or magnesium carbon- 
ate, and 41 g. carbon tetrachloride. Twenty-five 
grams of this mixture is placed in a candle box and 
ignited outdoors by Mox matches or “‘Ignit’”’ or storm- 
proof matches. 

Result: The mixture burns with the production of a 
dense white smoke: Berger mixture. 

The Berger mixture has a very good screening ca- 
pacity. The substance is stored under cover (smoke 
candles) and can be kept for unlimited time and is safe 
against premature firing. In a small space there is 
considerable screening power stored away. The igni- 
tion occurs by the most simple way. Only a concen- 
tration of more than 100 mg. per cubic meter has an 
effect on breathing. The production of smoke candles 
can occur in all sizes. To these advantages there is 
only one disadvantage, that is, due to the strong hy- 
groscopicity of zinc chloride, the smoke screen can be 
upheld only for a comparativély short time. 


COLORED SMOKES 
EXPERIMENT 35. In test tubes over open Bunsen 
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flames are heated small quantities of artificial indigo 
(indigotin), auramine, chrysodine orange, afid para- 
nitraniline red. i 

Result: The above-named dyes sublime without de- 
composition. 

On that property of certain dyes (that they sublime 
below their decomposition point) is based the produc- 
tion of colored smokes which might be used to simu!ate 
fires (red), pastures (green), and the like. The heat 
necessary for the sublimation is produced by a carbo- 
hydrate-potassium chlorate fuel mixture. The follow- 
ing formulas can be used for the preparation of well- 
functioning colored smoke screens: 

Yellow smokes—2.5 g. glucose, 3.5 g. potassium 
chlorate, 3.5 g. auramine, 1.0 g. chrysoidin, and 5.0 g. 
kieselguhr or 2.5 g. glucose, 2.5 g. potassium chlorate, 
2.5 g. auramine, and 2.5 g. kieselguhr. 

Red smoke,—2.5 g. glucose, 2.0 g. potassium chlorate, 
8.0 g. paranitraniline red, and 1.0 g. kieselguhr. 

Blue smoke—4.0 g. indigotin (artificial indigo), 
3.5 g. potassium chlorate, 2.5 g. glucose, and 7.5 g, 
kieselguhr. 

Green smoke—2.6 g. indigotin, 1.5 g. auramine, 3.5 
g. potassium chlorate, 2.6 g. glucose, and 2.5 g. kie- 
selguhr. 

. Note: In lieu of glucose, common potato starch can 
be used. 

The above mixtures are pressed into 10-g. smoke 
candles, covered with a carton paper disc provided with 
a hole in the center, and then closed with a can cover. 

The carton paper has the purpose of cooling off the 
evaporated dyestuffs and thereby liberating them. 
Ignition is by means of ‘‘Ignit.” 

Result: By sublimation of the named dyestuffs by 
means of carbohydrate and potassium chforate fuel 
mixtures, colored smokes are obtained. 





THE SEARCH FOR TRITIUM—THE HYDROGEN ISOTOPE OF MASS THREE 


(continued from page 34) 


(14) Ouipnant, M., P. Harteck, anp E. Rutuerrorp, Nature, 
133, 413 (1934). 

(15) SzLwoop, P. W., H. 8. Taytor, W. W. Lozier, anp W. 
BieakneEy, J. Am. Chem. Soc., 57, 780 (1935). 

(16) Ruruerrorp, E., Nature, 140, 304 (1937). 

(17) Suerr, R., L. G..Smrra, anp W. Bieaxney, Phys. Rev., 
54, 388 (1938). 


(18) Atvarez, L. W., anp R. Cornoe, zbid., 56, 613 (1939). 
(19) O’Neat, R. D., anp M. GotpHaBeEr, ibid., 57, 1086 (194) 
(20) O’Neat, R. D., anp M. GoLpHABER, ibid., 58, 574 (1940). 
(21) Brown, 8S. C., ibid., 59, 687, 954 (1941). 

(22) O’Newat, R. D., ibid., 60, 359 (1941). 

(23) Exprnorr, M. L., J. Am. Chem. Soc., 69, 977 (1947). 

(24) Lippy, W. F., Phys. Rev., 69, 671 (1946). 





ATION 


indigo 
_ para- 


ut de- 


ublime 
rodiuc- 
muiate 
e heat 
cardo- 
‘ollow- 
f well- 


USSitlmM 
5.6 
lorate, 


orate, 


digo), 
7.5 g. 


). 
1949) 
940). 


VISUAL DEMONSTRATIONS OF EFFICIENCY IN 
THE WASHING OF PRECIPITATES. 


Courses and textbooks of quantitative analysis 
generally mention, with more or less emphasis, the 
greater efficiency obtained in washing a precipitate a 
large number of times with small volumes of wash liq- 
uid rather than a few times with larger volumes. 
Equations such as (1) are readily developed (7) to per- 
mit calculation of the quantity of impurity remaining 
in a precipitate after a given number of washings: 


where Cy'is the concentration of soluble impurity in the 
original solution, C, is its concentration in the adhering 
solution after » washings, v is the volume of adhering 
solution remaining with the precipitate after drainage, 
V is the volume of wash liquid used in each washing, 
and n is the number of washings. For practical ap- 
plications, Marsh (2) has developed an equation similar 
to (1) into a useful graphical presentation, and Wald- 
bauer and Cortelyou (3) have described a means of cal- 
culating the optimum yolume for a wash portion. 

In presenting equation (1) to students it is custom- 
ary to assume a total volume of wash liquid, to select 
arbitrary values of Cy and v, and, taking two values for 
nand V, to calculate C,, thus showing numerically that 
when vn is increased C,, is decreased. Even with a nu- 
merical illustration, however, students frequently have 
difficulty realizing the true physical import of a mathe- 
matical equation, especially when one of the factors of 
the equation is involved asa power. The same applies, 
with more reservation, to graphical presentations. 
There follows a description of several simple experi- 
ments whereby a discussion of the applicability of equa- 
tion (1) to the problem at hand may be supplemented 
visually with a lecture demonstration. 

Demonstration I. About 10 grams of Celite is mixed 
with 100 ml. of 1 per-cent potassium permanganate so- 
lution, and the well-swirled mixture is filtered with suc- 
tion through a 3-inch sintered glass Biichner funnel. 
When sucked dry, the “‘soluble impurity” in the adher- 
ing liquid is plainly visible, imparting a purple color to 
the Celite. Suction is removed and 90 ml. of wash wa- 
ter is added to the cake. The cake and wash water are 
stirred to homogeneity with a spatula, and suction is re- 
applied. Purification is evidenced by.a marked de- 
crease in color of the Celite cake. The experiment is 
next repeated with fresh Celite using three 30-ml- por- 
tions of water as wash, removing the suction, and slur- 
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rying the wash liquid and Celite thoroughly with a 
spatula each time. The greater efficiency of the latter 
procedure is shown by comparing the colors of the two 
Celite cakes, where the second will be found markedly 
lighter than the first. 

Demonstration IT. While somewhat more artificial, 
the following demonstration requires less elaborate 
equipment at the lecture table. Two 500-ml. gradu- 
ated cylinders are filled to 50 ml. with small pieces of 
porous plate to represent the precipitate. Each gradu- 
ate is filled to 500 ml. with 1 per cent potassitim per- 
manganate solution, then “filtered” by decanting to 100 
ml. This volume is imagined to represent v of equa- 
tion (1). The first “precipitate” is ‘‘washed” twice 
with 500-ml. portions of water by diluting with this 
volume, then “filtering” by decanting again to a volume 
of 100ml. Thesecond “precipitate” is similarly treated 
with four 250-ml. or five 200-ml. volumes of water. 
The greater efficiency of the latter procedure is seen by 
comparing the relative intensity of permanganate 
color in the final 100-ml. volume of both experiments. 
To simplify decanting to the correct volume each time, 
it is convenient to decant into a third graduated cylin- 
der. 

It is not always pointed out that the same consid- 
erations regarding ‘the washing of precipitates apply 
to the quantitative rinsing of a reaction vessel. Here 
again, when one is interested in using a given quantity 
of wash water the rinsing is more effectively done with 
several small volumes. This fact can also be demon- 
strated using permanganate solution. Two vessels, 
previously cleaned with cleaning solution, are filled 
partially with permanganate solution, shaken to distrib- 
ute the solution evenly over the walls, and emptied. 
The first is rinsed once with a small quantity of water 
and emptied. The second is rinsed twice with volumes 
of water half as large as that previously used. The de- 
sirability of the latter method is seen by comparing the 
colors of the small volume of liquid which drains down 
the wall of each vessel after each has been emptied. 
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SIMPLIFIED CORRECTION OF QUALITATIVE 
ANALYSIS UNKNOWN 


Dererminine, with secrecy, the correctness of quali- 
tative analysis results may be tedious and tiring where 
the number of students, of unknowns, of possible and 
actual ions are all large. 

The following system, consisting of a student card and 

an instructor’s master sheet evolved in our department, 
proved its labor saving value and adaptability. to in- 
dividual teaching and grading habits of several instruc- 
tors. ‘ 
The top line of the student card bears boxes corres- 
ponding to all the possible ions, those found being 
indicated by an X. Space for preliminary observations, 
student remarks, course identification and grading is 
provided. A detailed report of the analytical procedure 
in the student’s notebook may be checked by the assist- 
ants as they collect and initial the cards. 

The number of the unknown from the assignment 
book is entered in the top left corner of the card. Com- 
parison of the card with the master sheet by juxtaposi- 
tion is then accomplished 
easily and speedily as shown 
in Figure 1. Any error is 
immediately “apparent and 
marked by a vertical line 
through the corresponding 
box. On the master sheet, 
which takes only one or two | 
hours to prepare, the ions 
actually present in the un- 
knowns are indicated by 
dashes corresponding to the | ot 
boxes on the student card. exis 

Secrecy of unknown num- 
ber is easily maintained 
while discussing the result 
with the student, if the 
instructor holds the card by 
its upper left hand corner, 
covering the unknown num- Bais 
ber with his thumb. The -2*' 
cards are not returned to 
the student but filed in nu- 
merical order of unknowns. | “cation 
Thus a review file is soon | LIME ooo 
accumulated from which 
errors in unknown make-up 
or special difficulties soon 
become apparent. 

It is only through use 
that one can fully appreciate 
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Student Card Being Compared with Master Sheet. 
In His Analysis He Missed Aluminum, Oxalate, and Borate and Reported Erroneously Potas- 


IRVING AMRON* AND KAROL J. MYSELS: 
New York University, University Heights, New York 


of a few dashes is substituted for the customary list of 
symbols. 

The cards are printed on 4 X 6-in. cardboard, with 
instructions printed on the back. The master sheets 
were drawn on red cross-section paper to match the § 
boxes per inch on the student card and copies repro. 
duced by black-line printing for the several instructors, 
When new unknowns are introduced, the master sheet 
is easily changed. When quantitative estimation js 
desired; the dashes may be replaced by numbers or 
letters indicating the amounts of the various ions pres- 
ent relative to some standard quantity. Each master 
sheet has room for 120 unknowns. 


The Textile Foundation, P.O. Box 504 





* Present address: 
Princeton, N. J. v 

t Present address: Department of Chemistry, University of 
Southern California, Los Angeles, California. 
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Hight gece: 


Yellow - 1S sec. 
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the reduction of effort when 
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sium and Cadmium.) The Extreme Right of the Master Sheet May Be Used for Additional Information 
as Shown Above. 
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Silicone Paint 


A new silicone paint that will afford lifetime finish 
for automobiles, refrigerators, electric ranges, and 
hospital equipment is being developed by the General 
Electric chemical department. It is predicted that 
within five years automobiles, refrigerators, ranges, and 
hospital equipment will be finished with this silicone 
paint that will retain its original color and gloss in- 
definitely. In addition, it is expected that brighter 
and more clear colors will be obtained with the silicone 
materials. Tests of the paint, still in the develop- 
mental stage, show that the silicone product is highly 
resistant to severe weather conditions, chemicals, and 
heat. 

Lithium 

Searles Lake, California, which supplied the nation 
in World War I with critically needed potash, is now 
performing the same role for another vital material, 
lithium salts, which are processed to make lithium 
metal, an important alloying material. The chemically 
impure lithium materials are recovered and purified 
at the plant of the American Potash and Chemical 
Company, Trona, California. 

It is generally supposed that the lithium salt crystals 
were formed thousands of years ago when glacial 
mountain streams dissolved salts out of the rocks, 
flowed into a basin, and the water was evaporated by 
the sun. The crystals contain voids filled with brine, 
and it is this brine which is processed at the Trona 
plant to recover the lithium salts contained therein. 
Each day 17,500 tons of brine are pumped through the 
plant to yield two tons of lithium oxide. 

Before this installation the principal commercial 
source of lithium was a mineral ore—spodumene. The 
lithium content varied from deposit to deposit and 
also according to the depth of bed. The advantage of 
using brine as the starting material is that it represents a 
large, readily available, chemically uniform source. 
Other metal salts in the brine are also recovered and 
processed as salable by-products. 

In order to extract the lithium concentrates, the 
brine is concentrated and the other salts, such as sodium 
chloride, burkeite, and sodium carbonate monohydrate, 
crystallize out and are removed for subsequent re- 
covery. Flotation cells, settling tanks, filter presses, 
and final dryers prepare the lithium concentrate’ for 
shipment. 





Levulose 


Levulose, the simple sugar of high sweetness, will 
now be available for the first time in sufficient quantities 
for experimental work. A pilot plant, which has been 
in. production for some time, uses an ion exchange proc- 
ess to obtain levulose from common sugar and repre- 
sents the only commercially feasible method in actual 
operation. Satisfactory yields of levulose have also 
been obtained from beet molasses, it is reported. 
The Jerusalem artichoke, goldenrod, chicory, and dahl- 
ias all contain inulin, a substance which can be 
treated to obtain levulose, but common sugar seems to 
be the most promising source. 

In addition to its high sweetness, levulose has a higher 
solubility than either sugar or dextrose. Recent re- 
search also suggests that it may have unique and im- 
portant physiological effects. Lack of availability 
in the past has hindered research, but studies are now 
being carried out at the Michael Reese Hospital in 
Chicago to find out more about the storage of levulose 
in the body, its use by various organs, and its effect on 
blood lactic acid. 

It is known that levulose is absorbed and stored by 
the liver at two and a half times the rate of dextrose. 
In‘the liver it is transformed into glycogen (animal 
starch) and, as such, provides readily available blood 
sugar reserves. Glycogen also appears to have a pro- 
tective action, possibly preventing cirrhosis and guard- 
ing the liver against toxic agents. 

Levulose also evidently plays an important but un- 
known role in early life. English researchers have re- 
cently discovered that 90 per cent of the blood sugar of 
embryonic lambs consisted of levulose. * 

In human metabolism common sugar breaks down 
into forms of its component parts. Recent disclosures 
suggest that sugar may actually be split directly to 
dextrose phosphate and levulose. More knowledge 
about the function of levulose in human nutrition will 
be forthcoming from the tracer or ‘‘tagged’’ atom tech- 
nique. By building levulose with atoms of radioactive 
Carbon 14, it will be possible to follow the course of 
this sugar through various body organs, and learn more 
about its deposition and utilization. 


Safe Use of Solvents 

Although most workers will not knowingly drink an organic 
solvent, protection from this possible hazard should be a plank in 
industrial safety platforms. For, when solvents are taken inter- 
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nally, they may cause permanent damage to tissues and organs 
and, in severe cases, death may result. 

Solvents may be swallowed by intent or by accident. The 
story is told of a worker who heard someone describe a certain 
solvent as being “‘toxic.”” The term sounded pleasantly similar 
to ‘‘intoxicating’’ whereupon the man decided he would sample 
the liquid, which he did with fatal results. If a worker is in- 
formed that swallowing chemicals is dangerous and that solvents 
’ are no exception to this rule, it is not likely that he will deliber- 
ately villate it. 

Accidents, however, can arise from a number of circumstances. 
A case in point is that of a carpenter who was quietly drinking 
liquor in the dark. When he reached for the liquor bottle, after 
having set it down on a table, his fingers closed about a bottle of 
solvent placed on the same table. He drank some and died in 
about ten days. In another instance, a man came into a shop to 
see a pail of liquid, which he thought was water, standing open 
on a bench. He swallowed a dipperful before he realized it 
tasted peculiar. Fortunately, he immediately vomited and was 
none the worse for his experience. 

All vessels or containers of solvent should be clearly marked and 
they should be kept out of reach of visitors and workers from 
other departments who may be passing through rooms in which 
solvent operations are performed. 

A doctor should be called at once if anyone swallows a solvent, 
even if no symptoms of discomfort or poisoning are immediately 
evident. Solvents may have a delayed effect.* First-aid meas- 
ures are limited to inducing vomiting, so as to remove the sol- 
vent from the body. Some common emetics are mustard water, 
lukewarm salty water, and soapy water. While waiting for 
the arrival of the doctor, the accident victim should lie quiet in a 
well-ventilaed atmosphere.—Safety Research Institute. 


Storage Batteries 


Lead-perchloric acid cell batteries have advantages 
over conventional batteries when the factor of high 
capacity per unit volume or weight is considered more 
important than economy or reversibility, according to 
an American wartime research report. The report 
attributes the behavior of perchloric acid cells chiefly 
to the solubility of lead perchlorate, a waste product of 
operation of the perchloric cells. Unlike insoluble lead 
sulfate released in conventional lead-sulfuric acid 
batteries, which adheres to the plates and reduces out- 
put and efficiency, lead perchlorate does not affect the 
operation of the cell. 

The researchers also found that lead-perchloric acid 
batteries can be stored dry for long periods without loss 
of capacity, even in hot climates. Lead-sulfuric acid 
batteries usually discharge themselves under such condi- 
tions. Lead-perchloric acid batteries may also be used 
to advantage where ordinary storage batteries cannot 
be recharged, according to the report. 

The discharge characteristics of perchloric acid cells 
are said to be more consistent than those of conventional 
batteries. In five runs of identical type cells, maximum 
deviation from the mean voltage up to the point of: 
failure was plus or minus 0.025 volt. Little variation 
in discharge behavior between small unit cells and bat- 
teries with larger plates or multiplate assemblies was 
noted. 


Rapid Spectrographic Analysis 


Spectrographic analysis of metals by direct reading 
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photoelectric methods promises to become routine prac- 
tice in industry in the near future, according to an 
American research report now on sale by the Office of 
Technical Services, Department of Commerce, 
Though direct reading photoelectric methods still 
present some problems, the fundamental processes 
underlying spectrographic analysis have now been 
worked out. 

In working out standards for spectrographic meas- 
urements, the researchers found that the chief diffi- 
culties were in the light sources and in the photographic 
process, and their work centered around these two 
fundamental problems. It appears almost certain 
from the research that the direct reading photoelec- 
tric method is most suitable for spectrographic analysis, 
but much work remains to be done before a completely 
satisfactory method can be recommended to industry 
without reservations, according to the report. 


Synthetic Miea 


Synthetic mica developed in Germany may be better 
than natural mica for certain specialized telecommuni- 
cation uses, according to report.. The synthetic prod- 
uct, it is said, would cost about 10 times as much as 
natural mica for general use. However, synthetic 
mica, with its highly uniform quality, elasticity, and 
strength, might actually be less expensive for high- 
grade condensers than the best Indian muscovite, since 
the cost of selecting and testing for quality would be 
drastically reduced. 

The synthetic material is similar in theoretical com- 
position to natural phlogopite mica, but possesses 
qualities superior for use in electrical equipment. 
The Siemens-Schuckert mica is made by melting 
tablets which contain aluminum oxide, magnesium 
oxide, sand, and potassium silicofluoride mixed in the 
proper proportions in a covered crucible, specially 
designed for the purpose. The loaded crucible is first 
preheated to about 900°C. in an electrical resistance 
furnace. It is then moved to a gas oven, where the 
temperature is raised to about 1450°C. 

The oven is cooled very slowly from the bottom up. 
As the molten mass cools, mica crystals form around a 
piece of sintered alumina placed at the bottom of the 
crucible. Under properly controlled temperature con- 
ditions, the mica sheets begin to form at this base and 
extend vertically up through the crucible. © Perfect 
sheets of mica, ranging up to 400 centimeters square, 
were produced by this method in a 100-kilogram 
crucible before air raids and lack of supplies terminated 
the research work. 

The formula for the synthetic mica produced by 
Siemens-Schuckert is given as KyMgi2SinAlOgFu. 
It proved impossible to reproduce exactly the com- 
position of natural mica, as water could not be intro- 
duced into the composition of the molecules. The 
substitution of fluorine, producing an approximation of 
phlogopite, was found imost satisfactory. 





Dollars from Scents 


When the war made impossible the importation of three-fourths 
of the usual supplies of essential oils, it was found that this deficiency 
could be made up from various sections of our own country. The 
essential-oil industry made use of oils from oranges, lemons and 
grapefruit, peppermint, spearmint, cedar, sassafras, and birch to 
supply raw materials to manufacturers of perfume, cosmetics, soap 
food, and medicine. The current annual value of the essential oils 
from domestic raw products is estimated at $20,000,000. 

Agricultural schools and colleges are conducting experimental 
programs in the cultivation of flowers and shrubs for the production 
of essential oils. 


WHIFF of some floral-scented perfume often brings to 

mind the flowers of southern France, Italy, or Spain— 
traditional sources of essential oils. However, when three-fourths 
of the usual supplies of essential oils were cut off by wartime 
trade dislocations, the essential-oil industry in the United States 
really came into its own. Oranges, lemons, and grapefruit from 
California and Florida; peppermint and spearmint from the 
Middle West; cedar, sassafras, and birch trees from Maine to 
Florida—all these helped to fill the raw-material shelves of the 
manufacturers of perfumes, cosmetics, soap, foods, and medicine, 
Formerly, these manufacturers were largely dependent upon im- 
ports for aromas and flavors. 

Reliable trade sources estimate at $20,000,000 the current an- 
nual value of essential oils from domestic raw products. In 
1939, the value of essential oils distilled in the United States from 
both domestic and imported basic materials was only $9,800,000. 

United States orange and lemon oils were offered in the 1920’s 
after special interest was aroused by the dwindling imports of 
Italian citrus oils during World War I. In 1937 somewhat more 
than half the consumption of oil of sweet orange in the United 
States was met by domestic output, but after the war began, 
California and Florida geared their well-organized orange-grow- 
ing industry to a productive capacity capable of supplying the 
entire home market for the oil. Recent estimates place the an’ 
nual yield of oil of sweet orange at about 700,000 to 800,000 
pounds. Of this amount, Florida furnishes approximately 
250,000 pounds and California accounts for the remainder. 

Although the bulk of oil of sweet orange is cold-pressed in ma- 
chine-equipped factories, small quantities are distilled on the 
west coast from the residue left after cold-pressing. This type 
of oil is sold separately. 

Even more important than sweet-orange oil is oil of lemon, pro- 
duced entirely in California. Since 1939 apparent annual output 
has ranged from about 700,000 pounds to as much as 1,700,000 
pounds. Furnishing about two-thirds of domestic demand in 
1937, California expanded its production during the war to satisfy 
total requirements. Oil of lemon also is cold-pressed. 

Other citrus fruits yielding aromatic by-products are grapefruit 
and lime. Lime oil, processed only in limited quantities in the 
United States, is made entirely in the Florida Keys. In 1944-45 
production dropped to 475 pounds, from 1060 pounds in the pre- 
ceding year. Florida grapefruit gives us most of our grapefruit 
oil, annual production of which averages about 50,000 pounds— 
obtained through cold-pressing. 

Lemon drops and orange ‘‘pop”’ are only two of the well-known 
food products flavored with citrus oils. Gelatin desserts, bakery 
goods, powdered cornstarch pudding, lotions, and perfume 
bouquets may also contain oils from lemons, oranges, limes, or 
grapefruit. A popular aromatic ingredient in perfumes and cos- 
metics, orange oil is used in even larger quantities for flavoring 
tobacco. Although the resumption of imports of citrus oils from 
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Italy may provide competition for United States products 
domestic output—particularly of orange and lemon oils—is now 
established on a firm basis. 

The woods of our northeastern and southeastern states pro- 
vide us with another source of fragrant oils—the cedar tree. 
From the leaves of the white cedar in northern New York State 
and Vermont cedarleaf oil or oil of thuja is distilled. Annual pro- 
duction in 1944 was estimated at 75,000 to 100,000 pounds, 
much of it compounded in perfumes. 

The red cedars of Florida, the Carolinas, Georgia, Tennessee, 
and Virginia yield another aromatic product, oil of cedarwood. 
Some of this oil, very similar to the cedarleaf type, is distilled 
from waste formed during the manufacture of pencils, but most 
of it is made from regular distillation of the chips of the red-core 
wood. Output of this commodity reaches 200,000 pounds yearly, 
an amount adequate for domestic needs. Both cedarleaf and 
cedarwood oils are low-cost ‘‘country”’ oils brought to the market 
by many small farmers who produce it as a side line. 

Cedarwood oil is employed in many perfumes, being valuable in 
the heavier types. Because it is relatively inexpensive, cedarwood 
oil is used extensively in soaps. Such prosaic household items as 
mothballs, fly sprays, and shoe polish are scented with this oil. 

From our southern states comes oil of pine, derived from the 
turpentine industry, which in turn yields terpineol, a synthetic 
lilac. Pine oil is used in insecticides and medicinal preparations, 
while terpineol is employed in lilac formulas and as an adjuvant 
in a great many other types of perfume odors. It is used espe- 
cially in soaps because of its low price and pleasing odor. 

From the sassafras tree—a kind of laurel-sassafras oil is pro- 
duced in homemade stills on the east coast from Maine to Florida 
and in the hills of Kentucky and the rolling country of Ohio. 
Beverages of the root-beer type, such as sarsaparilla, and candies, 
chewing gum, mouthwashes, and toothpastes are flavored with 
oil of sassafras. Soaps and perfumes also are often compounded 
with this oil. The United States produces about 25,000 pounds 
of the oil each year, according to trade sources. 

Other products of the woods are oils of sweet birch, spruce, 
and hemlock—the first coming from Pennsylvania and North 
Carolina, and the other two from the farming and lumbering 
areas of the region from the Great Lakes east to the Atlantic 
coast and south to Virginia. Small operators process these oils 
in crude distilleries and then sell them. In 1944 production of oil 
of sweet birch was placed at 10,000 pounds, while spruce and 
hemlock together total 50,000 pounds. 

The uses of sweet-birch oil are similar to those of oil of sassafras. 
Spruce and hemlock oils give a woodsy tank to perfumes and 
toilet preparations. 

Kalamazoo, Michigan, has the largest peppermint distillery in 
the world. The principal variety of peppermint in the United 
States is Mentha piperita, grown for the most part on the black 
velvet muckland of northern Indiana and southern Michigan. 
Oregon and Washington also contribute to the domestic supplies 
of peppermint oil. Some successful attempts have been made to 
raise the Japanese type, Mentha arvensis, in California. 

Production of peppermint oil in 1945 is estimated to have been 
1,603,000 pounds, an increase of 31 per cent over the 1944 figure. 
The area under cultivation in 1945 totaled 47,660 acres, the larg- 
est proportion—19,500 acres—being in Indiana. Some 42,880 
acres were cultivated in 1944, of which 17,700 acres were planted 
in Indiana. ‘ 

Another familiar mint oil is that of spearmint, highly publi- 
cized in the development of the chewing-gum industry. Michi- 
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gan and Indiana are the centers of the cultivation of Mentha 
viridis and Mentha spicata, the most important varieties of spear- 
mint plants whose leaves and flowering tops, when distilled, yield 
oil of spearmint. The 1945 production of spearmint oil amounted 


& THE SIGNIFICANCE OF 


We commonly associate starch, sugar, fat protein, and mineral 
matter as the chief components of foodstuffs that enter in metabo- 
lism processes of animal and vegetable life. There are, how- 
ever, certain other substances, related to each other, of a complex 
nature that prove to be vital and indispensable factors in animal 
metabolism, and those are sterols and bile acids. The sterols in 
general are water-insoluble solid alcohols, of quite high melting 
points. The name sterol is derived from stereos, the Greek word 
for solid, and the ending ‘‘ol’’ denotes an alcoholic OH group in 
the chemical structure. The term sterol is prefaced by another 
term when it is desired to denote the kind of sterol; for example, 
prefaced by the Greek word, chole, meaning bile, as in cholesterol. 
Cholesterol which is commonly pronounced ‘‘chol’-esterol,’”’ has 
been known since the 18th century as the chief constituent of 
human gallstones. It is known to be a common constitutent of 
the blood, the brain, and nerve tissue. 

In the late 19th century sterols were isolated from the seeds, 
pollen, and roots of plants. At first it was believed that none of 
the plant sterols would match the composition of the animal 
sterols. The first of the plant sterols was named phyto-sterol, 
the word being derived from the Greek word phyto, meaning 
plant, and sterol. Soon all plant sterols were referred to as 
phyto-sterols. It was shown by A. Windaus, University of Frei- 
burg, early in the 20th century that the phyto-sterol of the calabar 
bean and cholesterol were one and the same thing, thus bridging 
the gap between the sterols of the animal with those of the vege- 
table kingdom. Yet, still very little of the complex chemical 
structure of the sterols was known at the time, and these mysteries 
were not unfolded until about ten years ago. The determination 
of these complex structures of the sterols by famous chemists 
such as Burian, Molinari, Hess, Flury, Salkowski, Klobb, Zellner, 
Power, Jones, Meakins, King, Ball, Anderson, Heilbron, and 
particularly Ruzicka, has led to the development of the greatest 
advances in the biochemical field. The structure of the sterols 
now becomes comparatively simple and basic for the determina- 
tion of the more complex structures of the hormones, some of 
the vitamins, and the sepogenins. 

Sterols are often associated with fats and oils, and there are 
apout 50 different ones recorded as existing in nature. The 
natural sterols are sometimes referred to as metasterols, to dis- 
tinguish them from those made synthetically. There are hun- 
dreds of synthetic ones, few of which are of physiological value, 
but do provide stepping stones for the synthesis of compounds of 
greater value. The phyto-sterol of Windaus is also found in 
jambul seed, soybeans cotton oil, linseed oil, walnut oil, corn oil, 
in linden tree wood, musk root, cone-flower root, etc., always in 
the /aevo form, an optical form which turns a beam of polarized 
light to the left, the same as is true of cholesterol. There are, 
however, some very slight differences between the phyto-sterol 
and cholesterol. The former shows about a ~34 angle deflection 
and the latter a ~38 deflection. The melting point of the former 
is about 140°C., and the latter 150°C. Recently it has been 
shown that the plant sterols have several components of slightly 
different configuration in their chemical structure, and this may 
well explain the slight differences referred to. All of the afore- 
mentioned sterols have the constitutional formula Cx7HO also 
written C2s7H,(OH) to show that the compounds are alcohols. 
The right-handed optical form of the same phytosterol is found 
in yeast fat. It has a dextrorotary power of +42, a melting 
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to 312,000 pounds, a gain of more than one-third over the pre. 
ceding year’s total. In 1945 about 8600 acres were devoted to 
spearmint, compared with 7700 in 1944. Spearmint oil is also 
used to flavor dentifrices, medicinals, and candies. 


STEROLS IN FOODSTUFFS 


point of 160°C., and is called faecosterol. There exist optically 
inactive forms in the colocynth apple and in pumpkin seed. 

Of the metasterols that have 29 instead of 27 carbon atoms with 
the formula C.H»O, the most important is sitosterol, the term 
being derived from the Greek, sito, meaning grain, and sterol. A 
very pure form may be prepared from-barley rootlets by saponi- 
fying the ether extracted fatty substance and removing the 
sitosterol by petroleum ether and recrystallizing from alcohol, 
Sitosterol is found in soybean oil, rape seed oil, sunflower oil, pine 
oil, corn oil, in scopola root, and cinchona bark. The sitosterol 
of the latter goes under the name of cinchol. The sitosterols 
usually have a laevorotary power of about 33, and a melting 
point of 139°C. They have one conjugated double carbon bond. 
There are others which have two conjugated double bonds, giving 
the formula CoHiO. One such compound is ostreasterol which 
was isolated from the oyster and other mollusks. It has been 
found that man does not ingest the ordinary plant sterols. They 
are just so much waste going through his system. Man manu- 
factures his own sterols from the sugars or related principles with 
slight exceptions. One exception is ostreasterol, making shellfish 
such as oysters popular as an article of diet. Stigmasterol, 
almost identical in chemical composition to ostreasterol is found 
in rice bran, alfalfa seed, soybean and sugar cane wax, but in 
smaller amounts than the metasterol of gastropods. Fucosterol 
of algae is quite similar to stigmasterol. A sterol with two double 
conjugated bonds, Cs7HuO, is symosterol, obtained from yeast. 
This, however, has a dextrorotary power of +37 and a melting 
point of 136°C. Wheat germ oil contains a double bonded 
sterol of 30 carbon atoms, known as ?ritisterol, Cs.H;20. 

There are but few sterols with three conjugated double bonds, 
the one of most significance being ergosterol, C23HisO, which has a 
high laevorotary power, —133, and a melting point of 163°. It is 
found in ergot and is the chief sterol in yeast. Peculiarly the 
snail and earth worm contain it also. Ergosterol provides a 
source of vitamin D as will be later explained. 

One of the most important vitamins, as we already know, is 
‘vitamin D.’”’ The individual members of the group are D,, 
D;, Ds, etc. Vitamin D, is called “‘calciferol” in England, and 
has been given the name ‘‘viosterol” in America. It is an anti- 
rachitic vitamin. In 1822, Trousseau recommended cod-liver 
oil as a remedy for the cure of rickets, and Sniadecki wrote on the 
irradiated compound that can be readily absorbed by the in- 
testinal tract of animal life. Any attempt to extract the vitamin 
from animal or vegetable matter apparently converts it back to 
provitamin. 

How much provitamin or specific sterol is found in animal and 
vegetable material? In the vertebrates the various organs con- 
tain less than 0.2 per cent. Peculiarly chicken feet do contain 
several per cent. The invertebrates such as shellfish contain 
over 4 per cent. In fact, mussels contain 9 to 10 per cent and 
make a good source for producing through irradiation another 
curative effect of sunlight. It was not until 1925 that it was 
found that the sterol fraction of foodstuffs could be made anti- 
rachitically active by irradiation by sunlight or ultraviolet light 
although it was not active itself. These discoveries were made 
by Hess and several other workers in the field. It was Mc- 
Cullum who named the antirachitic material ‘‘vitamin D.” 
Metasterols that are the source of making the vitamins D are 
given the name provitamins. Ergosterol is a provitamin and can 
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be activated by ultraviolet light to become vitamin D2. Ergosterol, 
to begin with, is extracted from yeast as the yeast microorganism 
manufactures it in substantially large quantities. A sterol to 
answer the requirements of a provitamin must have the OH 
group in the 3-position, and two conjugated double bonds that 
are in the 5,6 and 7,8 positions. What the ultraviolet light does 
to produce vitamin D is to break the methyl group at 10-position, 
and bridge the 9,10 position with a C=Hp, group. It is only the 
vitamin D, although much of the sterol content is really active 
in the beginning. Plants usually contain a fraction of one per 
cent of provitamins with but few sources available for the pro- 
duction of vitamins. Periwinkles can be used to produce a peri- 
winkle vitamin D. Vitamins A, B, and C are entirely different 
compounds, bearing no relation to vitamin D except, again, the 
provitamin A must be converted to vitamin A or at least assisted 


The Englishman and the Chinaman ran helter-skelter down 
the escalator, crashed their way through a mass of people leaving 
an underground train, and dashed, hot and dishevelled, through 
the closing door. As they flung themselves into a seat, the 
Englishman said, ‘‘There. We’ve saved two minutes by that.” 
“Good,” said the Chinaman, ‘‘what shall we do with them?’’ 

This ancient story of the different views on hurry of eastern 
and western mentalities came inevitably and unbidden to our 
mind when, the other day, we took a busman’s holiday to hear 
Major Halford, chairman and managing director of De Havil- 
land, speak upon the subject of ‘“‘Jet Propulsion.” The chair 
was taken by no less a person than Ait Commodore Whittle. The 
kings of speed were assembled and seemed not a whit surprised 
by what they heard. It is not so very long ago since any form of 
human travel at speeds over 100 miles an hour seemed enormous; 
150 miles an hour was outside the bounds of imagination. Yet 
a year ago, when Air Commodore Whittle flew into his home 
aerodrome and was asked by his son at what speed he was flying, 
the figure of 400 m.p.h. was received without enthusiasm, and the 
son was later heard explaining to a friend that ‘‘Daddy wasn’t 
really trying.” 

Major Halford already has designs for a transoceanic passen- 
ger machine holding 50 people to cross the Atlantic at 6000 
m.p.h. It will take less time to travel from London to New 
York than it did 40 years ago from London to Paris. Six of 
these passenger machines, costing together about 3,000,000 
pounds, could take each year, without hurrying themselves to 
change round quickly, as many passengers as the Queen Mary, 
costing perhaps four times as much today. Moreover, because 
the plane would fly sufficiently high to be out of the weather and 
in rarefied air, and because of its quick change-round, the pas- 
senger fares would be less for this high speed than at present for 
air travel at today’s speeds. Jet propulsion, there can be no 
doubt, has brought upon us a complete revolution in travel. It 
has brought countries nearer to each other. It has increased 
their risks in war. It has increased their contacts in peace. We 
shall have to adjust ourselves to a world in which speeds are nor- 
mal that were undreamed of in our youth. Whether that is a 
good thing ora bad one we forbear to argue; it is a fact 
that we have to face. The human being will adapt himself to 
the changed conditions. That in itself is rather a wonderful 
thing. For eons Nature has been adapting her children slowly 
through the ways of evolution to changed environments. Now, 
within the short space of less than a lifetime, the human race can 
adapt itself to a tempo of life which would have seemed impossible 
a century ago. Nor, strangely enough, has our span of life been 
shortened by the speed at which we live. We crowd far more 
into the day than our ancestors could possibly have done. Verily, 
we live! Yet the human frame does not wear out more quickly; 
on the contrary, our expectation of life has increased. 
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by irradiated provitamin D to make it readily ingested by the 
human. Vegetables and fruits when first withdrawn from sun ex- 
posure do have much of the provitamin A content already 
naturally irradiated although it is small in amount. 

The quantity of vitamin D of any kind in most fresh green 
vegetables is exceedingly small, since the phytosterols present are 
not of the provitamin classification. All vitamins-D have the 
same constitution with the exception of different structures of the 
side chain. Much is still unknown concerning the exact differ- 
ences in behavior between some of the provitamins and their re- 
lated vitamins, and these seem linked up with the degree of 
resonance produced by compounds that have all of the carbon 
atoms of the tetracyclic structure fully saturated with hydrogen 
atoms. Eventually such differences will become well under- 
stood.—Reprinted from the Crown (June, 1946). 


What is the explanation? Is it not in the application of sci- 
ence? Not the application of a particular science, but the con- 
tinued advance of science all along the front. Without advances 
in medical science we could not have taken advantage of the 
advances in physical science that have enabled us to live fuller 
lives—to save our two minutes here and there, to crowd so much 
more into the day’s work and play. All the sciences help us to 
live more. dangerously, more adventurously, ‘“‘to fill the unfor- 
giving minute with 60 seconds’ worth of distance run.” It has 
become a condition of survival, in this turbulent and hurrying 
age, that the production of goods should be speeded up to the 
same extent as the jet propulsion experts are speeding up air 
transport. To accomplish that increased rate of production is 
the function of modern management and of modern industrial 
science. There is no room for the slow, for the slacker, in these 
days of speed. Those who remember the spacious life of 50 years 
ago, when we kept business appointments by train or drove to 
them in a horsed cab—some of us walked and that helped to keep 
us fit!—will understand the contrast between the ‘naughty 
nineties’? and the “ferocious forties” in which we live today. 
Those who have never known the more leisurely days of the 
Victorians, at once more gracious and more squalid, cannot fully 
understand the change; and that in itself is a tribute to the re- 
silience of the human body and the human mind. 

But, what shall we do with the two minutes we have saved by 
our rush and bustle? One answer is that we shall use it to do 
some more work. That is the very general reply and the usual 
practice. In itself, however, it means that leisure when it comes 
must also be put to good use. ‘‘To live remains an art,” a phi- 
losopher has told us, ‘‘an art which everyone must learn and which 
no one can teach.” If science shows us how to bustle, compels 
us to live at high pressure, and enables us to do so—high pressures 
being the fashion today in chemistry and as in life—it is the arts 
which show us how to use our leisure. Leisure and contemplation 
have gone out of fashion, but there is much to be said for using in 
this way some at least of the two minutes we save by bustling. 
We recollect words written by Sir James Fraser while he was 
a professor at Cambridge University: ‘“‘The windows of my 
study look on to the tranquil court of an ancient college, where 
the sundial marks the silent passage of the hours.... Here, if 
anywhere, remote from the tumult and battle of the world, with 
its pomps and vanities and ambitions, the student may hope to 
hear the still voice of truth, to penetrate through the little tran- 
sitory questions of the hour to the realities which abide, while 
generations come and go.” Without a breathing space for con- 
templation and quiet thought, all our modern speed ends in 
beating the air. 


—Reprinted from The Chemical Age 
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SOME CHEMICAL PROBLEMS AND PROSPECTS 
OF THE SUGAR INDUSTRY’ 


Aursovex mucn of the art of sugar making persists 
in present-day operations, the industry has always been 
extremely conscious of the benefits and necessity of 
scientific methods. The introduction of multiple effect 
evaporators in Cuba in 1855 (1) and the remarkable in- 
crease in sugar content of the sugar beet from about 4 
per cent in Margraf’s time? to 15 per cent or more at 
present are only two of many significant technical and 
scientific developments. The industry has always en- 
couraged and supported research in its problems in 
various organizations. The beet research stations in 
practically every major European country, the Hawai- 
ian Sugar Planters Association Experiment Station, the 
Audobon Sugar School in Louisiana, the Sugar Research 
Foundation, to name only a few organizations, illustrate 
this spirit of the sugar industry. : 

Although the interests and problems of the sugar in- 
dustry range from the A of agriculture to the Z of zool- 
ogy, it is the purpose of this review only to outline 
some of the’ recent chemical and chemical engineering 
developments and to give some intimation of radical 
changes which are occurring in the agricultural methods 
of handling both cane and beets. Even though most of 
of these apply to the entire industry, it may be well to 
remember that normally about two-thirds of the world’s 
production of sucrose is from cane. The cane and beet 
division each has its own unique and separate problems, 
however. 


ION EXCHANGE RESINS 


One of the earliest uses suggested for ion exchange res- 
ins was the removal of mineral constituents from sugar 
juices, thereby facilitating crystallization and improv- 
ing recovery by reducing the amount of molasses and in- 





1 Presented in part at the 241st meeting of the New England 
Association of Chemistry Teachers, College of the Holy Cross, 
Worcester, Massachusetts, May 10, 1947. . 

2In 1747 Andreas Margraf demonstrated that sucrose was 
stored in the root of the beet, although the same had been im- 
plied by de Serres in the seventeenth century. 


ANDREW VAN HOOK 
College of the Holy Cross, Worcester, Massachusetts 


creasing its quality as an edible product. These sug- 
gestions have been completely confirmed by laboratory 
and pilot plant experimentation, and several commer- 
cial-size units have been put into operation or are now 
under construction. Such full-sized equipment appears 
to be economically feasible (2) although there has been 
considerable discussion on this point (3). Inversion of 
the acid liquors during the cation pass is kept at a mini- 
mum by employing cooled liquors and short contact 
times. 

Exchange resins have also been used to eliminate un- 
desirable ash constituents in the production of levulose 
from sucrose and molasses (4), and in the production of 
pectin from beet pulp (6). In a similar way, Binkley, 
Wolfrom, and associates (6) at the Ohio State Univer- 
sity have selectively adsorbed sucrose from both cane 
and beet molasses on suitable clays and reclaimed it in 
high over-all yields. Such chromatographic methods 
are very promising in general carbohydrate work. 


AGRICULTURAL ASPECTS 


Led by recent radical changes in field methods in this 
country, the agriculture of the sugar beet industry is 
presently undergoing a revolution. Such changes seem 
to be an inevitable part of our evolving civilization, but 
in this instance their widespread adoption was acceler- 
ated by the exigencies of the past war. 

The established practices of planting, cultivating, 
and harvesting sugar beets were tedious processes, re- 
quiring much hand labor. With the aggravated labor 
condition attending the last war the industry was com- 
pelled to introduce methods to circumvent the difficulty. 
Mechanical methods of cultivation and harvesting had 
been developed, and the emergency stimulated their 
further.improvement and immediate use. At the same 
time, methods of segmenting the naturally clustered 
sugar beet seed assisted the mechanization tremen- 
dously, while the prospect of breeding single germ seed 
remains also another possible improvement. It has 
been estimated (7) that 18 per cent of the 1946-47 crop 
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in the United States was harvested by mechanical means, 
and that there will be at least twice as many machines 
available for 1947-48. These rather spectacular figures 
illustrate the rapidity of the change. A similar con- 


version is also taking place in the countries producing - 


cane—particularly those where labor is scarce and wages 
high (8). 

Cane is processed in the factory as soon as possible 
after cutting, but beets are generally stored throughout 
much of the average 100-day factory period in order to 
assure unhampered flow through the factory as well as 
to assure the completion of harvesting before the ground 
freezes. Considerable deterioration occurs during this 
time, and much work has been done to minimize this 
waste. A combination of aerating the pile and white- 
washing the top layer seems to be most effective. Both 
treatments serve to keep the temperature within the 
pile as low as possible and thus reduce the rate of res- 


piration (9). 
SYNTHESIS OF SUCROSE 


The synthesis of sucrose has been accomplished by 
Hassid and coworkers at the University of California 
(10). A sucrose phosphorylase enzyme, from the bac- 
terium, Pseudomonas saccharophilia, enables the com- 
bination of glucose-l-phosphate and fructose to form 
sucrose. Beside proving the structure of sucrose to be 
a-d-glucopyranoside-6-d-fructofuranoside, this work re- 
veals much about the mechanism of sucrose formation 
in living cells. Other nonreducing disaccharides can 
can also be formed in the same way. 


BY-PRODUCTS 


The entire sugar industry is extremely conscious of 
“by-products in place of waste products,” and is rap- 
idly approaching the ultimate of utilizing the entire 
cane and beet plant. 

The major uses of cane bagasse are as fuel and for 
paper and wall board (11, 12). Beet pulp remains a 
staple item as a stock feed throughout the world, but 
its high pectin content suggests attractive possibilities 
for this material and its derivatives (5, 13). Sugar and 
many sugar by-products are very promising in the rap- 
idly expanding plastics industry (14). One of these 
derivatives is aconitic acid; C;H; (COOH);, which has 
recently been reclaimed from Louisiana blackstrap in 
good yields (15). It forms plastics of high refractive in- 
dex and other characteristics particularly suited for 
safety glass and molded resins. 

The war and our efforts to assist in the rehabilitation 
of the war-ravished countries have greatly stimulated 
our knowledge of the amino acids and their nutritional 
and medicinal uses. The increased consumption of 
these acids resulting from this new knowledge has given 
rise almost overnight to extensive enterprises for re- 
claiming these materials from Steffens waste waters. 
This effluent from beet sugar houses was truly a waste, 
and to some extent a problem, until the present sharp 
demand for its nitrogen compounds. The following 
is a typical analysis (16): 
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Per cent * 


Dry substance 3 
30 Dry substance 
10 “ce “ 


Carbonate. ash 


Organic nonsugars a 


Nitrogen (largely glutamic acid) 

A perennial wartime problem is the shortage of natu- 
ral fats and waxes. This situation in the carnauba 
wax supply has been met partially by the extraction of 
wax from cane sugar filter muds (17). 


BOILING,’ CRYSTALLIZING, AND MOLASSES 


-The unit operations of evaporation (18) and crystal- 
lization (19) as practiced in the sugar industry have 
been receiving considerable attention in recent years on 
account of their paramount importance in determining 
the plants required and the cost of operation (20). The 
production of sugar crystals of large size is most desir- 
able since the centrifuging qualities of a massecuite— 
other conditions being the same—are better the larger 
and more regular the size of the crystal (2/). It is 
also believed (27) that small crystals deteriorate faster 
than large ones, on account of the higher dilution of the 
molasses film during processing. Viscosity effects will 
unquestionably be involved in any complete explanation 
of the mechanics of molasses elimination. 

Proper seed or “grain” is absolutely necessary in order 
to produce final crystals of any specified size and distri- 
bution. While very little work has been done on the 
scientific aspects of this operation its technical impor- 
tance seems to be implied in variousnewsystems of grain- 
ing and boiling. The Yearwood system (22) of external 
graining is accomplished with stirring at constant Brix, 
and is particularly suited to low grade massecuites. Var- 
ious other schemes (23, 24) have been proposed which, 
in essence, amount to the gradual subtraction of part 
of the massecuite to be used as grain for subsequent 
batches. The limit of such operations would be a con- 
tinuous process with all attending advantages. 

Webre (1, b) has continued to emphasize. the advan- 
tages of proper management of vacuum pans. Con- 
forming with current chemical engineering practice, 
this is accomplished most completely and efficiently by 
means of indicating, recording, and controlling instru- 
ments. Complete regulation of boiling pans is now a 
definite reality (25, 26). 

The inevitable end by-product of all sucrose crystal- 
lization is molasses. The nature of this product‘has long 
been a matter of considerable speculation (27). Among 
the many theories proposed those involving some sort of 
a sucrose complex are most prominent. The experimen- 
tal confirmation of this suggestion has been a matter of 
some difficulty; but recently Van Hook (28,a) has exam- 
ined the X-ray diffraction patterns of several products, 
and from the complete inhibition of the sucrose com- 





3 The term boiling refers to the concentration of syrups after 
the initial evaporation. It is carried out in separate vacuum pan 
crystallizers together with most of the crystallization. Boiling 
constitutes a strategic step in the production of both raw and re- 
fined sugar from cane and beets. 
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ponent at salt/sucrose ratios above one, he concludes 
that the molecular complex constitution is a likely one. 

While the influence of adsorption on the crystalliza- 
tion of sucrose from impure solutions is undoubtedly a 
vital factor in the crystallization process, very little 
significant work has been done on the matter until re- 
cently. Coalsted (29) has demonstrated that the fail- 
ure of sucrose to crystallize further from molasses is due 
to the presence of surface-active impurities which are 
adsorbed on the surface of the crystals and thus inhibit 
their growth. The suggestion many be refuted in view 
of the difficulty of actually forming adsorbates between 
sucrose and many other substances (28 ,b), and because 
of the rather convincing evidence in favor of a definite 
molecular-complex theory of molasses formation. How- 
ever, the distinction is a subtle one, and since the adsorp- 
tion forces must be recognized as being strong the whole 
subject should be very critically investigated. 

The crystallizing behavior of sucrose, from pure and 
from impure solutions, has been studied kinetically, 
most recently by Ingelmann (30) and van Hook (28, c). 
The latter shows the crystallization rate to be propor- 
tional to the thermodynamic activity of the sucrose in 
solution; and accordingly, as first suggested by inter- 
ionic theory, may be slightly increased, although usu- 
ally decreased, by the-presence of electrolytes. The 


growth is definitely a surface process, and diffusion 
through the solution or solution viscosity is not a pri- 
mary factor in determining the rate of growth. The 


same general conclusions are reached by Ingelmann, 
who employed a dilatometric method instead of the 
usual refractometer or microscope. 

It isa pleasure for the author to acknowledge the bene- 
fits of association with the staff of the Sugar Research 
Foundation, Inc., in the preparation of this review. 


LITERATURE CITED 

(1) Wesre, A. L., (a) “U.S. Piper” (U. S. Pipe and Foundry 
Co., Burlington, N. J.), Sept., 1941; (6) Ass. Sugar 
Tech. Cuba, 1945, 1946. 

(2) Porter, L. B., Sugar, 42, 23 (1947). 


51 


(3) Informal discussion, Am. Sugar Beet Technologists, 4th 
general meeting, 1946, Denver, Colorado. 

(4) Anon., Intern. Sugar J., 49, 56 (1947). 

(5) Rosoz, E., anp A. Van Hook, Proc. Am. Sugar Beet Tech., 
4, 574-83 (1946). 

(6) Bink.ey, W. W., anv M. L. Wotrrom, J. Am. Chem. Soc., 
67, 527, 1789 (1945); 69, 664 (1947). 

(7) Yont, L. Y., Sugar, 42, 28 (1947). 

(8) Wriucox, O. W., zbid., 42, 26 (1947). 

(9) Fort, C. A., Am. Soc. Sugar Beet Technologists, 4th general 
meeting, 1946, Denver, Colorado. 

(10) Hassip, W. Z., M. Doupororr, anp H. A. Barker, J. Am. 
Chem. Soc., 66, 1616 (1946). 

(11) West, C. J., “Utilization of Sugar Cane Bagasse for Paper, 
Board, Plastics, and Chemicals,’ Sci. Reports 3, Sugar 
Research Foundation, New York (1946). 

(12) Briro, E. M., Sugar, 41, 28-30 (1946). 

(13) INceLMaANN, B., Socker, 1, No. 7, 179-97 (1945). 

(14) Lone, L., “Sugar and Sugar By-Products in the Plastic 
Industry,”’ Sci. Reports 1, Sugar Res. Found., N. Y. 
(1945). 

(15) Ventre, E. K., ann coworkers, U. S. Pat. 2,359,537, 
Nov. 3, 1944; J. Am. Chem. Soc., 67, 1 (1945); U.S. 
D. A.; A. I. C. No. 132, Jan., 1946. 

(16) Zrrkowsk1, H. E., Chem. Met. Eng., 17, 17 (1917). 

(17) Bont, C. F., Sugar, 40, 36-7 (1945). 

(18) Bapaer, W. L., anv R. A. Linpsay, Ind. Eng. Chem., 38, 
4 (1946); 39, 22 (1947). 

(19) McCaszs, W. L., ibid., 38, 18 (1946). 

(20) Jenkins, G. H., Tech. Comm. No. 3, Queensland Exp. Sta- 
tion (1941). 

(21) Brrxert, L. S., “Proc. B. W. I. Sugar Tech.,” abridged, 
Int. Sugar J., 47, 297 1945. 

(22) Yearwoop, R. D. E., Int. Sugar J., 49, 9 (1947). 

(23) peVrirs, G. H., Listy Cukrovar., 56, 124 (1987); C. A. 31, 
7278; 32, 3184. 

(24) DuCoupray, L. B., Sugar, 41, 36 (1946). 

(25) Hotven, A. L., Ind. Eng. Chem., 34, 1234-40 (1942). 

(26) CurromeTer—“Manufacturer’s Literature,’’ Sugar Man. 
Supply Co., London. 

(27) Wouryzex, O., ‘Chemie der Zuckerindustrie,” Springer, 
1928. 

(28) Van Hook, A., (a) Chicago meeting, A. C. S. 1946, Ind. 
Eng. Chem., in press; (b) unpublished experiments; 
(c) Ind. Eng. Chem., 36, 1042-51 (1944); 37, 782 (1945); 
38, 50 (1946). 

(29) Coaustep, 8. E., J. Soc. Chem. Ind., 65, 206-8 (1946). 

(30) INceLMANN, B., Socker, 3, No. 1, 1-20 (1947); “The 
Svedberg Memorial Volume,” Upsala, Sweden, 1944, p. 1. 





SCHEDULE OF MEETINGS 1947-48 


February 14: Rhode Island State College, Kingston, Rhode 


Island 


April 3: St. Thomas Seminary, Bloomfield, Connecticut 


May 8: Malden High School, Malden, Massachusetts (Annual 
meeting) 

August 22-28: Tenth Summer Conference. University of Maine, 
Orono, Maine 


OFFICERS FOR 1947-48 


Eldin V. Lynn, President, Massachusetts College of Pharmacy, 
Boston, Massachusetts; Dorothy W. Gifford, Secretary, Lincoln 
School, Providence, Rhode Island; Lawrence H. Amundsen, 
Editor of the Report, University of Connecticut, Storrs, Connecti- 
cut; Millard W. Bosworth, Immediate Past President; John R. 
Suydam, Vice-President; Carroll B. Gustafson, Treasurer; 
Leallyn B. Clapp, Southern Division Chairman; Helen Crawley, 
Central Division Chairman; Jean V. Johnston, Western Division 
Chairman; Donald C.*Gregg, Northern Division Chairman; 
Ralph E. Keirstead, Curator; Elbert C. Weaver, Chairman 
Endowment Fund; S. Walter Hoyt, Auditor. 





GRADUATE APPOINTMENTS IN CHEMISTRY 
AND CHEMICAL ENGINEERING 


WE propose to establish a regular section of the 
Journal devoted to the announcements of graduate 
scholarships, assistantships, and fellowships in chemis- 
try and chemical engineering which are available at 
the various institutions of the country. Information 
has been requested from all institutions on the accred- 
ited list of the American Chemical Society and will be re- 
duced to a standard form such as that in the accom- 


panying table. Brief special announcements will be 
made of cases which cannot be reduced to the standard 
form. The continued cooperation of the various insti- 
tutions involved will be necessary if this section is to be 
kept up to date and made useful. The editor will ap- 
preciate help, suggestions, and criticism. It is hoped 
that this section will be a real help to prospective gradu- 
ate students. 


KEY TO THE TABLE 


Unless otherwise stated the positions listed in the table are 
available only to those who can qualify for admission to the gradu- 
ate school of the particular institution. 

Omissions in the table occur when the information is lacking; 
question marks indicate ambiguity or uncertainty. 

It should be realized that some institutions have not an- 
nounced all their fellowships, some of which may be available 
only to their awn students. 

The columns in the table are used as follows: 

1. Name and address of the institution. 

2. Number and designation of positions. S = scholarship; 

A = assistantship; F = fellowship; T = teaching; 
R = research; G = general, open to students in other 
fields than chemistry or chemical engineering. 

Stipend, in dollars per year, unless otherwise stated (m = 
per month; s = per semester; h = per hour). 

Length of appointment or service in months. If not 
stated, the ‘“‘academic year’ (9 months) is assumed. 
s = semester. 


5. Maximum hours per week of teaching or other service re- 
quired. Fractions indicate ‘‘proportion of time’ ex- 
pected for such service. 

Status of tuition, etc. T and F indicate that tuition and 
fees are remitted. —T (or —F) indicates that tuition 
(or fees) must be paid out of the stipend. S indicates 
that additional amounts are provided for supplies. 

Date when appointment takes effect (generally with the 
beginning of the next academic year). 

Address for additional information or for making applica- 
tion. HDC = head of chemistry department; DGS = 
dean of graduate school. A date indicates the closing 
of applications. 

Supplemental remarks. Special qualifications and limita- 
tions are given here. R indicates that the field of the 
appointment (or of the research to be carried out) is 
restricted, and the limitation may be indicated. M = 
limited to men; W = limited to women. D = for 
PhD candidates only; PD = postdoctoral. 
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9 





Case Institute of Technology 
Cleveland 6, Ohio 


HDC’ R, high polymers 
2 R, paint, varnish 





Catholic University of America 
Washington 17, D. C. 


HDC—Mar. 15 





University of Idaho 
Moscow, Idaho 


HDC—Feb. 1 





University of Kentucky 
Lexington, Kentucky 


HDC—Mar. 25 





Northeastern University 
Boston, Massachusetts 


HDC—Apr. 





Ohio State University 
Columbus, Ohio 


DGS—Feb. 15 
“ “ 


“ce “ce 


R, solid fuels 
R, ceramics 
R 





University of Oklahoma 
Norman, Oklahoma 


HDC 
ia After MS degree 





Pennsylvania State College _ 
State College, Pennsylvania 


HDC 





University of Pittsburgh | 
Pittsburgh, Pennsylvania 


HDC *Feb., June, Sept: 





Purdue University 
Lafayette, Indiana 


HDC 





Rensselaer Polytechnic Institute 
Troy, New York 


DGS 





Rice Institute 
Houston, Texas 


Registrar O. K. for GI’s 





University of Rochester 
Rochester, New York 


DGS *8 in 2nd year 
iy For GI’s 
i After Ist yr. 
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Smith College 
Northampton, Massachusetts 0 


800* 


HDC—Mar. 1 
HDC 


*Plus board, room 
*900 2nd yr. 


t 





450s 


Temple University 
125m 


Philadelphia, Pennsylvania 


HDC 





0 

0 
100 
800* 


Wellesley College 
Wellesley, Massachusetts 


Dean, Mar. 1 


HDC—Feb. 1 


coclony|Oow-y 


*900 2nd yr. 


~ 
Rind 





Middlebury College 70m 


Middlebury, Vermont 


HDC 





University of Tennessee 1000 


Knoxville, Tennessee 


HDC 





250 
900 
1200 


Tulane University 
New Orleans, Louisiana 


HDC 


“cc 





Virginia Polytechnic Institute 660 


Blacksburg, Virginia 


DGS 





Wayne University 1-21/, hr. 


Detroit, Michigan 


HDC 





1000 


Wesleyan University 
1200 


Middletown, Connecticut 


9 


HDC 





University of Detroit 1050-1150 


Detroit, Michigan 


9 


Grad. Div. 
May 1 





642 
500 


University of Georgia 
Athens, Georgia 


HDC 





1500* 
1000-1800 
3500 


Harvard University 
Cambridge, Massachusetts 


*Maximum 


PD 


HDC 


“ce 
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Howard University 
1000 


Washington, D. C. 


HDC 





1200 


Rutgers University 
i 1200 


New Brunswick, New Jersey 


HDC 





SPECIAL ANNOUNCEMENTS 


Information Not Covered in the Main Table 


Dartmouth College. We have a number of graduate 
fellowhsips for Dartmouth graduates requiring help in 
order to study elsewhere after completing their work 
here. One of these is for work in English, the others 
for work in any branch of the curriculum except medi- 
cine, law, engineering, etc. 

Ohio State University. Each year the Graduate 
School offers fifty out-of-state tuition scholorships, 
available to graduate students who are not resi- 
dents of Ohio. These scholarships provide for the re- 
mission of the nonresident tuition fee of $75 per quarter, 
and, therefore, carry a stipend which is equivalent to 
$225 per year. The regular incidental fees must be 
paid just as though the student were a resident of Ohio. 

The Elizabeth Clay Howald Scholarship carries a sti- 
pend of $3000 payable in twelve monthly installments. 
Any person who has shown marked ability in some field 
of study and has in progress work, the results of which 
promise to constitute important additions to our knowl- 
edge, shall be deemed eligible to appointment to this 
scholarship. 

The scholar will be expected to devote his time unin- 
terruptedly to the pursuit of his investigations. If he 
has ever been a student of The Ohio State University or 
a member of the University staff, he may carry on his 
investigations either at The Ohio State Univefsity or, 


subject to the approval of the graduate council, else- 
where either in this country or abroad where superior 
advantages for his particular field of study are avail- 
able. If the scholar has never had any connection with - 
The Ohio State University, however, then he must carry 
on his investigations at The Ohio State University. 

Applications must be filed with the Dean of the 
Graduate School not later than April 1. The appoint- 
ment will be made on May 1 and the term of appoint- 
ment will normally be for one calendar year beginning 
July 1. * 

Prospective candidates may secure application blanks 
by addressing the Dean of the Graduate School. The 
Ohio State University, Columbus, Ohio. 

University of Oklahoma. We have a few research fel- 
lowships but they are on a year-to-year basis at present. 

Pennsylvania State College. We have also a number 
of fellowships but these are usually filled by appoint- 
ment of graduate assistants who have been with us for 
one or more years. 

Purdue University. After having completed most of 
the course work leading to the Ph.D. degree, a large pro- 
portion of the graduate assistants beginning thesis work 
in this Department are promoted to the status of re- 
search fellows. The Purdue Research Foundation pro- 
vides funds for these fellowships, the stipend for which 
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is $1200 for eleven months’ service. The fellowship 
work constitutes the doctoral thesis. No teaching serv- 
ices are required of a fellow, his entire time thus being 
available for his research problem and any course work 
still awaiting completion. Course work for fellows is 
limited to six credit hours per term. 

Rensselaer Polytechnic Institute. Academic scholar- 
ships, number undetermined. Annual scholarships, 
carrying full tuition or part tuition. For worthy stu- 
dents of exceptional ability who are unable to meet the 
cost of tuition. Conferred by the Board of Trustees 
upon recommendation of the Committee on Graduate 
study. $100 to $500 each a year. 

Rice Institute. A few fellowships for research work 
only are also available. 

University of Rochester. All students after the second 
year are normally awarded fellowships paying $1000 
to $2000 per year. Under certain special conditions 
fellowships may be awarded to entering graduate stu- 
dents. 

Smith College. The college offers to students from 
abroad five fellowships which include tuition, residence, 
board, and a cash stipend of $100. At present the col- 
lege is able to award five additional fellowships, prefer- 
able to Latin-American students. These fellowships 
include tuition, residence, board, and a cash stipend of 
$200. All stipends are payable in two installments. 
Candidates should apply, if possible, as early as Novem- 
ber, to the Chairman of the Committee on the Exchange 
of Students with Foreign Countries, College Hall 13, 
Northampton, Massachusetts, for application forms 
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and particulars of required credentials, and all applica- 
tions should reach her not later than February 20. 

Vassar College. Vassar College offers very few fellow- 
ships which are available to those who are not graduates 
of the college or members of the faculty. 

There are no fellowships strictly for chemistry. A 
large portion of those that we offer are available for 
work in any field. A few are limited in this respect. 

Wayne University. There are three classes of gradu- 
ate fellowships in the Department of Chemistry: (1) 
$500 fellowships for students requiring partial support 
during their graduate studies: (2) $1000 fellowships for 
students requiring full support; (3) $1200 fellowships 
for students working in restricted fields. The general 
policy is to retain fellowships for second-, third-, or 
fourth-year students. 

Wellesley College. The Alice Freeman Palmer Fel- 
lowship yields an income of about $1400. The holder of 
the fellowship must be a graduate of an American col- 
lege of approved standing, a woman of good health, nor 
more than twenty-six years of age at the time of her ap- 
pointment, unmarried throughout the whole of her 
tenure, and as free as possible from other responsibili- 
ties. She must have completed at- least one year of 
graduate study. The same person will not be eligible to 
the fellowship for more than two years. The fellowship 
may be used for study abroad, for study at any American 
college or university, or privately for independent re- 
search. A form to be used in applying may be obtained 
from the Secretary to the President, Wellesley College. 
The application must be filed before February first. 


A NOTE ON PLASTIC AND ALLOTROPIC FORMS OF SULFUR 


Scuarrer AND PALMER! gave a very complete sum- 
mary of the several allotropic forms of sulfur as well as 


of plastic sulfur. But even in such an exhaustive ré- 
sumé the author could not find any reference to an in- 
teresting modification of plastic sulfur he observed and 
which certainly has been observed by many others. 
When we heat sulfur in a test tube it boils and a red 
vapor is evolved which becomes yellow when strongly 
heated.2, Now, if we pour this yellow vapor into a 
porcelain dish filled with cold water, it will be con- 
densed at the water surface as a very thin sulfur layer— 
of less than 0.2 mm. If this sulfur layer is picked up, it 





1 ScHaerer, H. F., anp G. D. Patmer, J. Cuem. Enuc., 17, 
473-475 (1940). 

2 See, for instance, J. R. Partineton, “‘A College Course of 
Inorganic Chemistry,’ Macmillan and Co., Ltd., London, 1939, 
p. 545. 


RICARDO CARVALHO FERREIRA 
Sao Paulo, Brazil 


will show striking plastic properties. It is a rubber-like 
substance with a beautiful lemon-yellow color and after 
distention to three times its length it regains its original 
form. In less than one hour from the moment it is ob- 
tained it becomes hard and brittle. This “condensed” 
sulfur seems to be a plastic sulfur different from the 
common gamma-sulfur. 

This view is supported by the difference of colors, 
the gamma-sulfur being dark. The author could not 
study the crystalline structure of the thin layers because 
he has no suitable apparatus. But, observed through a 
Bausch & Lomb wide-field stereoscopic microscope, 
this plastic mass seems to be composed of very small 
rhombic or monoclinic crystals surrounded by com- 
paratively large airpockets. The air finally escapes and 
the sulfur loses all its plastic properties. 





THE MANUFACTURE OF “ETHYL’’ ANTIKNOCK 
COMPOUND 


Wrhuen a motorist drives into a service station 
for gasoline, the chances are better than three to one that 
the motor fuel he buys has been improved with “Ethyl” 
antiknock compound. For more than three-fourths of 
all gasoline sold in the United States is treated with this 
antiknock compound, whose active antiknock ingre- 
dient is tetraethyl lead. ‘Ethyl’ antiknock compound 
improves the quality of gasoline by increasing the fuel’s 
octane number or ability to produce power. 

Before the antiknock properties of tetraethyl lead 
were discovered, automotive progress was limited by 


the inherent tendency of gasoline to knock. This was , 


because the temperatures and pressures being exerted 
upon the gasoline during combustion were too great for 
the fuel to stand. As a result, instead of normal com- 
bustion, a final unburned portion of the gasoline vapor 
suddenly ignited in a spontaneous explosion known as 
detonation, or more popularly called knock. 

The addition of only a few centimeters of tetraethy]l 
lead per gallon of gasoline, it was found, was enough to 
take the knock out of most gasoline and restore normal 
combustion. Under these conditions, the gasoline 
burned evenly and completely across the combustion 
chamber, delivering a smooth power thrust to the en- 
gine. Gasoline treated with “Ethyl” antiknock fluid 
first went on sale in 1923; since 1933 the antiknock 
fluid has been used to improve regular as well as pre- 
mium grades of motor fuel, and it is also used in avia- 
tion gasoline. 

Today, a gallon of motor fuel usually contains be- 
tween one and three ml. of antiknock compound. As 
small as its average concentration per gallon of gasoline 
may be, the manufacture of the antiknock fluid draws 
upon many raw materials, entails a series of compli- 
cated chemical operations, and involves a plant invest- 
ment running well into the millions of dollars. 

“Ethyl” antiknock compound, which is manufac- 
tured and sold by Ethyl Corporation to gasoline re- 
finers, consists primarily of tetraethy] Iead, ethylene di- 
bromide, and ethylene dichloride. To these are added 
a small amount of kerosene and dyes, the latter purely 
for identification purposes. Tetraethyl lead consti- 
tutes around two-thirds, by weight, of the finished an- 
tiknock fluid. The halides, ethylene dibromide, and 
ethylene dichloride, are incorporated in the compound 
to act as scavenging agents during the combustion of 
lead-treated gasoline, combining with the lead vapors 
given off and carrying them off in the exhaust gases in 
the form of lead bromide and lead chloride. + 

Tetraethy] lead is a clear and colorless organo-metal- 
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Ethyl Corporation, New York, New York 


lic compound with molecular weight of 323.45 and a 
density of approximately 1.65. It is completely sol- 
uble in oil and gasoline but only very slightly soluble in 
water. It is produced by the reaction of ethyl chloride 
with a lead-sodium alloy, expressed in the following 
equation: 


4PbNa + 4C:H;C1———> Pb(C2H;), + 4NaCl + 3Pb 


In the actual manufacturing process, the above re- 
action does not go quite to completion. As a practical 
matter, slightly less tetraethyl lead and slightly more 
lead are formed than the quantities indicated stoichio- 
metrically in the equation. 

Three major processes are involved in tetraethyl lead 
manufacture. These are the so-called sodium process, 
the ethyl chloride process, and the final reaction to 
make tetraethyl lead. 

In the sodium process salt brine is piped into the 
Ethyl plant from wells 20 miles away. In the first 
step, the impurities are precipitated out and the brine 
is evaporated to dryness. The dry salt is then charged 
to a battery of electrolytic cells which are a modifica- 
tion of the Downs cell, that has been described in the 
literature. These cells contain a bath of molten sodium 
chloride and another molten salt which is added to 
lower the melting temperature. 

During the electrolysis of the salt the chlorine is 
gathered at the anode of each cell and piped under a 
vacuum to the liquefaction system consisting of wash- 
ing and drying towers, pumps, and condensers. The 
sodiunt released at the cathode is forced out of the cell 
through a pipe by virtue of the hydrostatic head. It is 
then gathered into a heated collector and, after filtering, 
is transferred to the lead-sodium alloy plant or to stor- 
age tanks. ; 

In the alloy plant, the molten sodium is combined with 
molten lead to form the lead-sodium alloy which, after 
being cooled and ground, is transferred to the tetraethyl 
lead buildings for the final reaction. The lead-sodium 
alloy is brittle and readily oxidizes. 

Approximately 170,000 pounds of sodium and 262,- 
000 pounds of chlorine are produced daily in the Baton 
Rouge plant. Ethyl’s sodium operations, which entail 
the consumption of tremendous amounts of electricity, 
account for nearly half of all the sodium produced in 
the United States. 

Because of the need for it in its manufacturing opera- 
tions, Ethyl Corporation is the world’s largest pro- 
ducer of ethyl chloride. 

Ethyl chloride is made by two new processes in use 
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at the Baton Rouge plant. The first of these processes 
is based on the hydrochlorination of ethylene, which is 
represented by the equation, C:H, + HCl—C,H,Cl. 
In this process the raw material, ethylene, is first. ob- 
tained by cracking refinery gases, usually propane and 
ethane, and then fractionating the cracked gases at low 
temperatures to concentrate the ethylene formed. 
The ethylene is then treated with hydrogen chloride in 
the presence of a catalyst, resulting in ethyl] chloride, 
which is then purified by fractionation. 

The second method yields ethyl chloride by the re- 
action of chlorine with waste products from the ethyl- 
ene process. Developed during the war, this process 
is used in a plant which was put in operation in 1945. 

A third, and older, method is sometimes used. This 
is based upon the hydrochlorination of alcohol, in 
which ethyl] alcohol vapor and hydrogen chloride gas re- 
act in the presence of a catalyst to form ethyl chloride. 
This is expressed in the equation, CHH;OH + HCl— 
C.H;Cl + H.O. The mixture then passes through a 
series of water coolers and scrubbing and drying towers, 
which remove any remaining hydrochloric acid and al- 
cohol as well as the remaining water. 

In the electrolysis of salt approximately one and a 
half pounds of chlorine are given off with every pound 
of sodium. Although part of the chlorine output en- 
ters directly into one of the three ethyl chloride opera- 
tions, another part is first converted into hydrogen 
chloride gas by burning it with hydrogen. The 
hydrogen chloride gas is then passed through cool- 
ing and drying towers, prior to its use in the manufac- 
ture of ethyl chloride. 

Additional supplies of hydrogen chloride are obtained 
by the output of four Mannheim furnaces which were 
built during the war. 

In this familiar operation a mixture of salt and sulfuric 
acid is heated to a high temperature, resulting, finally 
in hydrogen chloride and sodium sulfate. The hydro- 
gen chloride enters into the ethyl chloride operations. 
The sodium sulfate, commonly known as “salt gake,”’ 
is sold to the kraft paper industry in the South. 

In the final tetraethyl lead operation the ethyl chlo- 


ride and lead-sodium alloy are allowed to react at mod- . 


erate pressures and temperatures. At the completion 
of the reaction the product is distilled with steam to 
separate the tetraethyl lead from the mixture. The use 
of four pounds of metallic lead is required for each 
pound that appears in the finished product. At the 
conclusion of the tetraethyl lead reaction the remaining 
three pounds of lead are recovered in the form of sludge, 
and resmelted to pig lead. This is done in the lead re- 
covery building which adjoins each of the five tetraethy]l 
lead manufacturing units. 

The completed tetraethyl lead is finally transferred 
to the blending plant where it is mixed with ethylene 
dibromide, ethylene dichloride, kerosene, and dye, to 
form finished “Ethyl” antiknock compound. 

The ethylene dichloride for the antiknock fluid is ob- 
tained by the reaction of chlorine with ethylene, ac- 
cording to the equation Cl, + C,;Hi-C,H,Ch. Ethyl- 
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ene dichloride is a colorless liquid with a molecular 
weight of 98.97, a density of 1.25, and is soluble to the 
extent of 0.88 per cent by weight in water. 

The ethylene dibromide used in the finished anti- 
knock compound was originally obtained from bromine 
extracted from the salt brine wells of Michigan. How- 
ever, it soon became apparent that supplies from this 
source would be insufficient for indicated requirements. 
As a result, Ethyl Corporation, in cooperation with the 
Dow Chemical Co., pioneered in the research which led 
to the first commercially successful process for recover- 
ing bromine from sea water. 

Bromine is ordinarily found in sea water in the ratio 
of 67 parts to every million parts of sea water. In or- 
der to recover the bromine in pure form an elaborate 
extraction process is required. 

In the plant at Freeport, Texas, sea water flows into 
an incoming flume and on to a pumping basin. There, 
a series of pumps lifts the brine to the extraction plant 
where, after an acid treatment, chlorine is added. Lib- 
erated bromine, dissolved in the brine, is removed by 
forcing a blast of air upward through a tower while the 
brine is flowing down. The resulting bromine ‘‘mist’’ 
is absorbed to form a concentrated solution of 80,000 
parts per million. Substantially pure bromine is 
recovered from this solution and combined with ethyl- 
ene to form ethylene dibromide. The completed prod- 
uct, which is a colorless liquid, has a molecular weight 
of 187.68, a density of 2.18, and is practically insoluble 
in water. 

The first bromine extraction plant was constructed at 
Kure Beach, North Carolina, during the 1930’s. Its 
output was later supplemented by the Freeport, Texas, 
plant, which was built during the war. Since the war’s 
end the Kure Beach plant has been placed in a standby 
condition, for enough ethylene dibromide comes from 
the Freeport plant. The Freeport plant can treat as 
much as 550 million gallons of sea water a day, which is 
about equal to the combined daily water consumption 
of Cleveland, St. Louis, and Boston. 

Most shipments of antiknock fluid are pumped from 
the blending plant at Baton Rouge directly into 
specially designed railroad tank cars. Arriving at a 
refinery, these tank cars transfer their shipments in 
the same manner to another type of blending 
plant wherein the antiknock compound is now blended 
with gasoline. Because of the toxicity of concentrated 
antiknock compound the entire system of transporting, 
handling, and blending the antiknock fluid with gaso- 


line is completely enclosed and subject to comprehen- 


sive safety precaution. 

Since it was first marketed in 1923 “Ethyl” antiknock 
compound has come to be used to improve the great 
majority of gasolines. For the eighteen years since rec- 
ords of gasoline gallonage have been kept, more than 50) 
billion gallons of premium grade gasoline and more than 
200 billion gallons of regular grade gasoline have been 
improved by this antiknock compound. 

Of corresponding importance is the fact that it has 
contributed to the broad progress in fuels and engines 
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that has been seen in recent decades. Originally, by re- 
ducing the degree of fuel knock, it permitted the develop- 
ment of more and more powerful engines with higher 
compression ratios, thereby ushering in a great era of 
automotive progress. At the same time it has enhan- 
ced the contribution of each advance in refining tech- 


57 


nology, until today even the most powerful aviation 
gasolines in use are improved with the addition of 
“Ethyl” antiknock compound. What such progress 


has meant to motorists is seen in the fact that the aver- 
age car owner today runs his car on a far better grade 
of gasoline than Lindbergh had to fly the Atlantic. 


Keceeut- Goole 


€ FATTY ACIDS, THEIR CHEMISTRY AND PHYSICAL 
PROPERTIES ; 


Klare S. Markley, Principal Chemist, Oil, Fat, and Protein Div- 
ision, Southern Regional Research Laboratory, U. S. Dept. of 
Agriculture, New Orleans. Interscience Publishers, Inc., New 
York, 1947. x + 668 pp. 81 figs. 15 X 22.5cm. $10. 


Tuts volume presents a comprehensive, thorough, and well 
organized review of the physical properties and chemical reactions 
of the fatty acids. Such a reference text has long been needed 
and it is supplied here in a most satisfying manner. The author 
has assembled in convenient form a wealth of general information 
and numerical data. In addition he has furnished concise intro- 
ductions to many of the less familiar experimental techniques 
that have come to be applied to investigations in this field and has 
discussed at generous length the nature and utility of the results 
reported. The book will thus be found especially valuable as an 
index to the very extensive literature on fatty acids and fatty- 
acid derivatives that has accumulated in recent years. There are 
163 tables of data, 81 descriptive figures, and over 1500 numbered 
literature references in the text. 

A special significance which is attached to the appearance of 
this book is worth noting. It is announced as one of a series of 
monographs on Fats and Oils to be prepared under an editorial 
board on which the present author is associated with A. E. Bailey, 
T. P. Hilditch, and H. E. Longenecker. Each of these men has 
attained a position of eminence through his scientific investiga- 
tions in the field of fats and fat products; each is also widely 
known as author or scientific editor of publications that have pro- 
vided the scientific worker in this field, at long last, with authori- 
tative modern reference sources. Subsequent volumes in this 
series will be awaited with considerable interest. Meanwhile 
Markley’s ‘‘Fatty Acids’’ will take its place as a fitting companion 
volume to A. E. Bailey’s excellent treatise on ‘Industrial Oil and 
Fat Products’? which appeared in 1945. 

The book is divided into six sections. The first is a single brief 
chapter on the nature and history of fats and waxes. Classifica- 
tion, nomenclature, and structure are reviewed in the second 
section, over half of which, some thirty-five pages, is devoted to a 
discussion of types and evidences of isomerism. The next two sec- 
tions deal with physical properties and chemical reactions. To- 
gether they make up two-thirds of the entire volume. The final 
sections discuss the synthesis of fatty acids and their isolation 
and identification. 

The section on physical properties contains five chapters, di- 
viding the subject matter as follows: (1) Crystal Properties, in- 
cluding Crystallography, X-ray Diffraction, Polymorphism, 
Thermal Properties of Crystalline Fatty Acids and Their Phase 
Transitions; (2) Spectral Properties, including Raman Spectra, 
Visible Absorption, Infrared and Ultraviolet Spectra; (3) Ther- 
mal Properties, including Heats of Formation and Combustion, 
Vapor Pressure and Related Properties; (4) Solubility and Solu- 
tion Properties, including Miscible and Immiscible Aqueous Sys- 
tems and Solutions in Nonaqueous Solvents; and (5) Properties 
of Fatty Acids in the Liquid State, including Density, Molar 


Volume and Dilation, Viscosity, Surface and Interfacial Tension 
Refractivity and Refractive Index, Specific Conductivity, and 
Dielectric Constant. 

Chemical reactions of the fatty acids are considered under the 
following chapter headings: Salts of Fatty Acids, Esterification 
and Interesterification, Alkylation and Alkoxylation, Pyrolysis, 
Halogenation, Hydrogenation and Hydrogenolysis, Oxidation 
and Hydroxylation, Oxidation by Atmospheric Oxygen, Biologi- 
cal Oxidation, Nitrogen Derivatives of Aliphatic Acids, and Sul- 
fur Derivatives of the Fatty Acids. Throughout these chapters 
the scope is broader than the general heading implies. It em- 
braces not only the reactions of the fatty acids themselves, but 
also the physical properties, chemical behavior, occurrence, 
structure, uses, etc., of the derivatives formed. 

Complete author and subject indexes are provided. Proof- 
reading has obviously been done with exceptional care, and in all 
its physical features—quality of paper, selection of type, layout, 
presswork and binding—the publishers have made this a very at- 
tractive and sturdy volume. 

It is a book for the library, the plant office, and the research 
laboratory; hardly forthe classroom. The author set out to ren- 
der a service primarily to “‘the large and growing body of chemists, 
physicists, engineers and technologists who are interested in the 
fatty acids and their numerous products and by-products,” and 
he has succeeded beyond a doubt. It is not likely that any of 
these, once they have examined this book, will want to be without 
a copy conveniently at hand. 


ROBERT N. WENZEL 
WeEsTINGHOUSE RESEARCH LABORATORIES 
PiTTsBURGH, PENNSYLVANIA 


@ SECONDARY SCHOOL SCIENCE TEACHING 


Arthur G. Hoff, Associate Professor of Education, University of 
Redlands, California. The Blakiston Company, Philadelphia, 
1947. xii + 325 pp. 15 X 23cm. $3.75. 


TuIs Is a new book on how to teach science in the junior and 
senior high school by one who has had experience in these areas as 
well as in the area of training science teachers. Every science 
teacher will welcome a book of this kind for its wealth of func- 
tional information. The writer has a sound philosophy to meet 
the problems in the science classroom and the teacher’s responsi- 
bility relative to guidance and administration. There are five 
units in the textbook: the first treating the mission of science in 
education; the second, with the content of the science curriculum 
in the secondary school; the third, with the function of method in 
science teaching including a clear and definite plan for unit teach- 
ing as well as other methods of teaching; the fourth, with specific 
techniques in teaching science by directed study, field trips, ad- 
ministration of the laboratory, techniques in recording experi- 
ments and grading student work; and fifth, with the supplemen- 
tary but very necessary factors in science teaching today such as 
science clubs, visual aids, equipment and guidance techniques. 
Sample tests accompany the text along with a sample unit in biol- 
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ogy and another in chemistry and a list of equipment for general 
science. Teacher training institutions will welcome this book with 
its additional problems and projects and selected references. It is 
indeed a book on science teaching. 

GRETA OPPE 


Batu Hier ScHoo, 
GALVESTON, TEXAS 


& THE CHEMISTRY OF ACETYLENE 


Julius A. Nieuwland, Late Professor of Chemistry, University of 
Notre Dame, and Richard R. Vogt, Professor of Chemistry, Uni- 
versity of Notre Dame. Reinhold Publishing Corporation, New 
York, 1945. xi + 219pp. 15 X 23.5cm. $4.00. 


Tuis 99th of the A. C. S. monograph series is a fitting tribute to 
Father Nieuwland and his pioneering work in the field of acetylene 
chemistry. The book is an exhaustive bibliography of the work 
of more than a thousand men in the field and contains several 
hundreds of references to papers and the patent literature. Un- 
fortunately, due to delays in completion and publication of the 
work, the literature search may only be considered complete to 
1938. 

In this monograph, as perhaps in most, when the authors are 
reporting work of their own, the picture is detailed and discyimi- 
nating. When it is in a field to which they have not themselves 
directly contributed, e. g., addition of nonmetallic elements and 
compounds (except acetals) to acetylene, statements are made 
less positively. In such cases the work of other men and the 
patent literature is cited without evaluation. The present writer 
does not mean to imply that it can be otherwise. 

An adequate author and subject index is included. 

LEALLYN B. CLAPP 
Brown UNIVERSITY 
ProvipENCE, RuopeE IsLanp 


& CHEMICAL PROCESS PRINCIPLES. Part III: Kinetics 
and Catalysis 


Olaf A. Hougen and Kenneth M. Watson, professors of 
chemical engineering, University of Wisconsin. John Wiley 
and Sons, Inc., New York, 1947. xlviii + 303 pp. 64 figs. 


14 X 22cm. $4.50. 


HovuGEN ANb Watson in 1931 published “Industrial Chemical 
Calculations,”’ which was rearranged and rewritten in the second 
edition of 1936. This text was widely adopted in chemical engi- 
neering for courses in technical calculations covering stoichiome- 
try, material and heat balances, and the applications of physical 
chemistry. This material has again been rewritten entirely at a 
somewhat more advanced level, renamed ‘‘Chemical Process 
Principles,” and issued in three separate parts. Part I covers Ma- 
terial and Energy Balances, Part II covers Thermodynamics, and 
Part III covers Kinetics and Catalysis. The pagination is con- 
tinuous throughout the three parts so that Part III contains pages 
805 to 1107, and chapters 18 to 22. The author and subject index 
is for all three parts. 

The five chapters in Part III cover homogeneous reactions, 
97 pages; catalytic reactions, 71 pages; mass and heat transfer 
in catalytic beds, 36 pages; catalytic reactor designs, 42 pages; 
and uncatalyzed heterogeneous reactions, 57 pages. 

The subheads in the chapter on homogeneous reactions are in- 
dicative of the way in which the fundamental physical chemistry 
has been combined with the practical chemical engineering to give 
a presentation that is rigorous and at the same time immediately 
applicable to the problems the chemical engineer faces in design- 
ing a reactor or predicting its productivity under changed condi- 
tions. The important subheads are: theory of absolute reaction 
rate, Arrhenius equation, differential rate equations, simultane- 


.Publishing Corp., New York, 1947. 
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ous, consecutive, reverse and complex reactions, integral conver- 
sion equations for nonflow and flow reactions, space velocity, re- 
actions of complex order, chain reactions, interpretation of labo- 
ratory results, product distribution and selection, graphical 
reactor design, pressure drop and viscosity, nonadiabatic reactors, 
optimum reactor design, equivalent reactor volume, severity 
factors, prediction of entropy, and enthalpy of activation. Ip- 
deed, a masterly combination of physical chemistry and chemical] 
engineering! 

Similar treatment is given in the other four chapters. Numer- 
ous illustrated examples are used throughout the book, 29 such 
problems are used in this part to illustrate the principles discussed, 
Many of the examples are taken from the published papers of the 
two authors who have contributed extensiveiy to this field. These 
have been largely in the field of gas-phase reactions and explain 
the emphasis on this part of the broad subject of kinetics. A 
wider selection of illustrative material and problems would be de- 
sirable, but can well await a later revision. Certainly, the chemi- 
cal engineer who masters the material given here can accept the 
challenge of any kinetics problem. The treatment of catalysis is 
strictly from the viewpoint of its mechanism in relation to the 
kinetics of the process. 

A number of chemical engineering departments have endeay- 
ored to train their students in this field with courses on engineer- 
ing kinetics or process rates. This book is essential for all such 
courses and will lead to the establishment of similar courses in 
other departments. A chemical engineer must be able to predict 
the effect of process variables on yields as well as the effect of 
operational variables on heat transfer and other unit operations 
involved. This book, like the other two parts, does an invaluable 
service in broadening and rounding out the training of the chemi- 
calengineer. Every physical chemist should have the three parts 
of “Chemical Process Principles’’ to learn what the chemical en- 
gineer does with his physical chemistry. 


KENNETH A. KOBE 


UNIVERSITY OF TEXAS 
Austin, TExas 


8 WATERBURY’S HANDBOOK OF ENGINEERING— 
WITH TABLES 


H. W. Reddick, W. M. Lansford, C. O. Mackey, H. H. Higbie, 
and H. S. Bull. Fourth edition. John Wiley and Sons, Inc., 
New York, 1947. xix + 386 pp. 126 figs. 7.5 X 14 cm. 
$2.50. 


THIS VEST-POcKET handbook gives important equations in 
mathematics, mechanics, hydraulics, heat engineering, and elec- 
trical engineering. Its 113 pages of tables cover logarithms, 
trigonometric functions, and the steam tables. 

The engineer who desires a handbook which by test will actually 
fit in a vest pocket will find this book excellent. 


KENNETH A. KOBE 


University OF TEXAS 
Austin, TEXAS 


@ SOILLESS GROWTH OF PLANTS 


Carleton Ellis and M. W. Swaney. Second edition. Re- 
vised and enlarged by Tom Eastwood, olericulturist, Lago Oil 


and Transport Co., Ltd., Aruba, Curacao, N. W. I. Reinhold 
x + 277 pp. $4.75. 


During the nine years that have elapsed since the first printing 
of this book considerable commercial experience has been ob- 
tained in soilless culture of various crops. Some of these develop- 
ments came out of the work of Tom Eastwood as he worked the 
field of hydroponics on the islands of Aruba and Curacao of the 
Netherlands West Indies. This work was instituted on Aruba, a 
barren island, by the Lago Oil and Transport Company, Ltd., a 
subsidiary of Standard Oil of New Jersey, in an effort to supply 
their personnel with green vegetables. The ShellOilCompanyalso 
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became interested as a result of their success in this work and 
instituted a similar program on Curacao. 

Consequently, Mr. Eastwood isextremely well versed in such 
operations and has completely revised the previous edition on ba- 
sis of operational procedures necessary to set up a soilless culture 
unit. 

The topics covered include, as chapter titles indicate, General 
plant physiology, General types of soilless culture, Water culture, 
Sand culture, Gravel culture, The nutrient solution, Technicai 
control of the nutrient solution, Technical control of the plant 
culture, General plant culture, Common detriments special chemi- 
cals, and Analysis of the nutrient solution. He also has an excel- 
lent selected Reference List of additional information on the topic. 

Numerous illustrations both in color and black and white of the 
various commercial installations throughout this country as well 
as those carried out by the Army on Ascension Island, at Atkinson 
Field, British Guiana, and on Iwo Jima help to make the book 
very interesting. 

The book’s two hundred and sixty-five pages are packed with 
satisfactory pertinent information for the general reader as well 
as the specialist. Hobbyists will realize that this is an interesting 
field and that it has definite possibilities, but also that there are 
many attendant problems, and hydroponics is no plaything for the 
uninitiated or poor technician. 

The reviewer after some experience in the field feels this is the 
outstanding book on hydroponics. It is well written, on excellent 
stock, and in readable type. If you want some good first-hand 
information about this field do not pass this book by. 


W. G. KESSEL 
INDIANA STATE TEACHERS COLLEGE 
Terre Havre, INDIANA 


@ NATURAL PERFUME MATERIALS: A Study of Con- 
cretes, Resinoids, Floral Oils and Pomades 


Y. R. Naves and G. Mazuyer, translated by Edward Sagarin. 
Reinhold Publishing Corporation, New York, 1947. xviii + 331 
pp. 46 figs. 15 X 23cm. $6.75. 


THE Arts of perfumery have been so long shrouded in mystery 
that this field of study has seldom been accorded the serious con- 
sideration it deserves from scientific investigators. This book, in- 
tended to show the possibilities for interesting and valuable experi- 
mental work on perfumes, should therefore be welcomed by 
teachers of chemistry who are looking for new and different av- 
enues into which to direct the talents of researchers under their 
charge. 

The original text, published in Paris in 1939 as “‘Les Parfums 
Naturels,’’ was the work of two specialists in the perfume indus- 
try: Dr. Yves R. Naves, professor of chemistry at the University 
of Geneva, consultant for the firm of Givaudan in France; and 
the late Gabriel Mazuyer, a skilled perfumer, long with the firm 
of Antoine Chiris, at Grasse. It has been well translated by Ed- 
ward Sagarin, of Givaudan-Delawanna, Inc., and, coming now, 
while all France is trying to recover from seven years of war, this 
work may be considered the latest word on the subject. 

As the method of obtaining the raw materials of perfumes by 
distillation has been described in many works of reference since 
the earliest times, these authors have limited their discussion to 
methods of digestion, enfleurage (extraction by cold fats), and ex- 
traction by volatile solvents. Some of the methods followed in 
the perfume industry today are essentially as they were developed 
by the ancient Egyptians and Arabists. No other book so ade- 
quately and impartially presents the advantages and disadvan- 
tages of all these less familiar methods of producing the raw ma- 
terials of perfumes. 

In four parts, the authors give: (1) a well-documented his- 
torical sketch of the natural perfume industry; (2) a survey of 
modern methods of producing natural floral oils; (3) the compo- 
sition and analysis of products obtained by digestion and extrac- 
tion; and (4) over a hundred monographs on floral oils and resin- 
cids. These monographs, which are excellent, include the origin, 
best method of preparation, yields, chemical and physical char- 
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acteristics, latest data on composition, and a bibliography for 
each oil listed. 

The book is well printed on good paper, better illustrated than 
the original text, and well bound. Lists of references are conveni- 
ently placed after each subdivision of the text, and three good in- 
dexes list authors, botanical names, and topics. There is a tan- 
talizing superfluity of preliminary supplements and a little con- 
fusion as to the names of some of the early authors quoted (both 
taken over from the original), but neither of these minor defects 
would disturb earnest readers. 

“Natural Perfume Material” deserves to stand as a smaller 
companion volume to “The Volatile Oils,’ by Gildemeister and 
Hoffmann. This translation and Mr. Sagarin’s own book on 
“The Science and Art of Perfumery” (McGraw-Hill, 1945) serve 
to fill the gap that has too long hindered searchers in the field of 
essential oils and aromatic materials. 


FLORENCE E. WALL 
New Yor« City 
New York 


9 ADVANCES IN CARBOHYDRATE CHEMISTRY: 


Volume II 


Edited by W. W. Pigman, Institute of Paper Chemistry, Appleton, 
Wisconsin, M. L. Wolfrom, The Ohio State University, and 
Stanley Peat, The University of Birmingham, England. Aca- 
demic Press, Inc., New York, 1946. xi +323 pp. 15.5 x 23.5 
cm. $6.60. 


Most cHEMISsTS, especially those who have not had recent con- 
tact with a good course in organic chemistry, are only vaguely 
familiar with the details of carbohydrate chemistry. All, no doubt 
recall the structural difference between glucose and fructose, but 
not many could diagram, offhand, the manner in which*they are 
bound together in sucrose. Neither could they outline the experi- 
mental proof for such a structure. 

All this is much to be regretted for there are few other fields of 
chemistry in which logical reasoning has taken experimental re- 
sults and constructed such a complex yet beautiful picture. The 
details of this picture were slow in developing for the structure of 
the fundamental monosaccharide units had first to be established. 
Then as the structure of starch and cellulose became known and 
more techniques were devised, the accumulated knowledge fur- 
nished the tools necessary to unlock a host of nature’s other se- 
crets. 

We are now seeing the bountiful harvest resulting from the cul- 
tivation of this field during the past sixty years by Fischer, Kil- 
liani, and the others who followed them. The structures of many 
different natural products are now being elucidated and each 
seems to fit into a pattern like the figures of a delicate tapestry. 
There curring units of this pattern are the familiar monosaccha- 
rides, their hexuronic acids, and the corresponding pentosans. In 
the carbohydrate-like materials found in zoological associations 
other recurring units, 2-amino glucose, and 2-acetamido glucose, 
are common. Nothing is more fascinating than the pattern of 
nature and it is unfortunate that this field remains a closed book 
to so many. 

The subject of this review is the second volume of a projected 
series which will contain critical integrating reviews of important 
developments in carbohydrate chemistry. The reviews are in- 
tended not only for carbohydrate chemists but also for research 
workers in other fields and for teachers. In addition to the 
broad field of the carbohydrates, including sugars, polysaccha- 
rides and glycosides, the reviews will cover, as far as space will 
permit, biochemical, analytical, and industrial developments. 

Volume II of the series conforms very well to the above de- 
scription. Of the ten reviews which it contains, five describe the 
chemical composition of naturally occurring materials, three are 
concerned with reactions involved in the synthesis of compounds 
closely related to the carbohydrates, one with the interrelation of 
carbohydrate and fat metabolism, and a final section with cellu- 
lose ethers of industrial significance. 

The reviews concerned with natural products include: Mele- 
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zitose and Turanose, the Chemistry of Mucopolysaccharides and 
Mucoproteins, Bacterial Polysaccharides, the Chemistry of Pectic 
Materials, and The Polyfructosans and Difructose Anhydrides. 
Other sections on The Chemistry of Anhydro Sugars, Analogs of 
Ascorbic Acid, and the Synthesis of Hexitols and Pentitols from 
Unsaturated Polyhydric Alcohols are concerned with synthetic 
products. 

This reviewer was much interested to learn that the crystalline 
exudate he had observed on the twigs of certain western trees is 
the trisaccharide melezitose which on hydrolysis yields glucose 
and the disaccharide turanose, an isomer of sucrose. The apiarists 
of Pennsylvania whose bees sometimes store up the too readily 
crystallizable melezitose, when flower nectar is scarce, may not 
take the same kind of interest in learning the source of their 
trouble. 

The volume represents an international effort since of the thir- 
teen contributors, five are from England, one from France, one, 
the late Harold Hibbert, from Canada, and six from the United 
States. 

The reviews are well written and some, one might say, are in a 
beautiful literary style. The editing seems to have been carefully 
done and no obvious errors were noted although a page of errata 
is included following the index. 

The book is recommended not only to those who consider them- 
selves well informed in the fieid of carbohydrate chemistry but 
also to those who desire to become familiar with the new develop- 
ments in this important field. 


IRWIN B. DOUGLASS 


Tue UNIVERSITY OF MAINE 
Orono, MAINE 


& «THE CHEMISTRY OF COMMERCIAL PLASTICS 


Reginald L. Wakeman, Director of Research, Onyx Oil & Chemi- 
cal Co. Reinhold Publishing Corporation, New York, 1947. xii 
+ 836 pages. 323 figs. 189 tables. 15 X 22cm. $10. 


TuHIs NEW and important member of the Reinhold Plastics 
Series lives up in splendid fashion to its title, ““The Chemistry of 
Commercial Plastics.”’ By restricting its field to those resinous 
materials that have achieved commercial significance the author 
has been able to treat each major class of materials with greater 
thoroughness than has been done in any of the other recent, gen- 
eral texts on plastics. It is written in a straightforward style that 
is clear to a student and exact to a plastics expert. Numerous an- 
ecdotes dealing with pioneer workers in the plastics field add an 
occasional note of levity that is both pleasing and surprising in a 
work of this kind. Historical data have been added to impart to 
the reader a sense of time and the continuity of the developments 
in the plastics industries. Its scope is broad; the author has in- 
cluded not only the synthetic resins and the products made from 
them but also rubbers, plastics made from naturally occurring 
materials, and inorganic polymers. 

This book is qualified to fulfill two purposes, namely, to teach 
its subject to beginners and to serve as a reference for experts. 
Teachers, engineers, supervisors in plastics-fabricating plants, 
students of chemistry, and chemists new to the polymer field will 
find that Dr. Wakeman’s book will help them acquire a working 
knowledge of its subject as painlessly as any new field of science 
can be mastered. It presupposes some knowledge of organic 
chemistry for chemical names are used freely, but the man with- 
out chemical training can understand important sections of every 
chapter. This book can be recommended as a textbook for a 
graduate course in the chemistry of high-molecular-weight organic 
compounds if the assignments are restricted to the chapters of a 
general nature and to selected sections from the remainder of the 
book. 

Plastics experts will like the systematic organization and the 
wealth of data packed into tables and graphs. Be it a comparison 
of the dielectric constants of polyvinyl carbazole and polystyrene 
or the stress-strain hysteresis loops of nylon, the data are, there. 
So are numerous pages of references and a detailed index (39 
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pages). For the industrial man there are trade names, prices, and 
applications in addition to the main subject, the chemistry of 
commercial plastics. ’ 

The book is actually, though not formally, composed of two 
sections. The first section consists of the first five chapters, all of 
which are of general application. Following the introduction, 
these chapters are devoted to the history and the raw materials 
of the plastics industry, chemical principles of resinification and 
the fabrication or manipulation of plastics. In the remaining 
twenty-one chapters of the book each major type of material is 
taken up individually, with attention to the chemistry, produc- 
tion, and applications of each material covered. Condensation 
polymers are represented by chapters on phenolic, urea, and mela- 
mine plastics, aniline-formaldehyde, aryl-sulfonamide and alkyd 
resins and polyamides, the class that furnishes the ladies’ favorite, 
nylon. Additional polymers include polystyrene, cumarone-in- 
dene, acrylic and vinyl resins, including a chapter on the recent 
wartime development, polyvinyl carbazole. Natural and synthe- 
tic rubbers and their derivatives get a good, general treatment 
covering 85 pages. Other chapters cover the plastics made by 
modifying natural materials, such as cellulose, lignin, and pro- 
tein, and the largely inorganic polymeric organosiliconoxygen 
compounds popularly known as silicone resins. 

In summary, this is an outstanding book, well written, well or- 
ganized, and authoritative. 

R. W. PLANCK 


U. S. Natura, RussBer Resgearc# STATION 
Sauinas, CALIFORNIA 


@ HENRICI’'S MOLDS, YEASTS, AND ACTINOMYCETES 


Charles E. Skinner, Chester W. Emmons, and Henry M. 
Tsuchiya. John Wiley and Sons, Inc., New York, 1947. Second 
edition. 409 pp. $5. 


Tuts book is a very fitting memorium to Professor Henrici. 
Although the text is a complete revision, this second edition is 
distinguished by the qualities of simplicity, clarity, and balance 


that marked the first. It is also faithful to the purposes of the 
original work; to show bacteriologists the relations of less com- 
monly known groups of microorganisms, the molds, yeasts, and 
actinomycetes, to the life histories and behaviors of true bacteria. 

In the seventeen years since the first edition striking progress 
both in fundamental and applied microbiology has been made. 
The more organized and significant fields have been represented 
by the sections prepared separately by the three authors. The 
first three chapters form a statement of the current status of the 
structure, life histories, and taxonomy of the fungi, yeasts, and 
actinomycetes. Four further chapters on'the morphology and 
systematic relations of fungi, yeasts, and actinomycetes fre- 
quently encountered, but commonly cursorily treated by bac- 
teriologists, form Professor Skinner’s contribution. 

Dr. Emmons treats his specialty, medical mycology, in four 
chapters; the first, a general description of host-pathogen reac- 
tions, and a special chapter each on pathogenic molds, yeastlike 
fungi, and actinomycetes attacking men and animals. The re- 
cent enlarged interest and rapid progress in medical mycology 
make these chapters of special interest to general and medical 
bacteriologists. 

Dr. Tsuchiya has prepared three chapters upon the biochemical 
activity of molds. The diverse fields of food spoilage, mold de- 
terioration, industrial fermentations, yeast manufacture, and the 
production of penicillin, streptomycin, and other antibiotics are 
described. These chapters are written for biologists rather than 
chemists, but the essential chemical history is given, together 
with general technological features. It is probable that this por- 
tion will interest chemists most immediately. 

There are complete chapter bibliographies and a subject index. 


CHARLES E. RENN 


Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 
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Luxe rr or not, UMT (otherwise “universal military 
training’’) is an educational problem, at least to the ex- 
tent that most educational organizations and agencies 
oppose it. One can assume that such opposition is on 
fundamental grounds and not merely calculated to give 
aid and comfort to possible future enemies. 

It is a difficult issue on which to make up one’s mind, 
for most of us no doubt believe in the necessity for 
preparedness, especially in view of the failure of our 
traditional national policy of unpreparedness twice in 
Many changes in national policy 


twenty-five years. 
and outlook are being forced upon us by the new inter- 


national responsibilities we have had to assume. We 
have reached a place in our national history where we 
must look forward rather than back. 

Nevertheless, we cannot be expected to spend all our 
time and energy on national defense; we must choose 
the strategy and organization which seem most ef- 
ficient and economical. This choice would appear to 
be the prerogative of the military councils, and on this 
basis UMT has been strongly urged. However, since 
national defense is the concern of all of us, we laymen 
and civilians may be permitted a voice, and in any 
event will determine the final decision. 

With Congress economy-minded (as perhaps it 
should be) we shall certainly not be able to have all the 
protections we can think of. Shall we, therefore, 
spread the billions of dollars thinly over the basic mili- 
tary training of a few million reservists or spend them 
in the development of tangible and hard-hitting modern 








gram is a foregone conclusion. 


weapons of greater effectiveness? As for me, I would 
feel much safer with the world’s best Air Force than 
with a half-trained, second largest reserve army. 
We had better not be wrong about it. 

There are some other considerations about UMT. 

That the proposal as it now stands will seriously in- 
terfere with our secondary and higher educational pro- 
Nevertheless, if it is 
worth the price, we can adjust our college terms, as sug- 
gested to accommodate reservists who put in six 
months in camp. We can not expect the basic military 
training to have any permanent educational value. 

But no serious effort seems to have been made to in- 
corporate into the UMT program any of the things we 
should have learned from our recent experience with 
Selective Service. The principle on which the latter 
was established (but only too infrequently adminis- 
tered) was excellent—let each man serve his country 
in the way in which he is best qualified. But UMT is 
apparently to be in no way “selective.” Everybody 
must go through the “school of the soldier,’”’ know how 
to march, and be familiar with the Articles of War— 
even if valuable technical and professional training is 
thereby discouraged. Didn’t we learn anything be- 
tween 1941 and 1945? , 

Surely, if we must have UMT, a little intelligence 
(with perhaps a considerable amount of courage) could 
draft a program which would not endanger technical 
education, without which we might as well have no 
armed forces at all. 





MICHEL EUGENE CHEVREUL (1786-1889) 


On Aveusr 31, 1786, in Angers (2 Rue des Deur 
Haies) a son was born to Etiennette Magdeleine and 
Michel Chevreul, master in surgery and doctor of medi- 
cine. The next day the child was baptized Michel 
Eugéne. The ceremony took place at the church of 
St. Pierre; the officiant was Huchelon Desroches, curé 
of St. Julien, assisted by Robin, curé of St. Pierre, and 
Lemay, vicar of St. Pierre. Those who signed the regis- 
ter were the father; the great uncle, Gilles Chevreul, 
master in surgery, who acted as godfather; the god- 
mother, Etiennette Delmont Deslisle, wife of Claude 
Bachelier, master of surgery, who, as maternal grand- 
father, also graced the occasion with his presence. 


EARLY LIFE AND EDUCATION 


The boy came of long-lived stock on both sides; his 
father died at 91 and his mother at 93. From them he 
inherited the robust health which enabled him to reach 


the age of almost 103. He thus added a rather rare. 


example of longevity to his accomplishments as a scien- 
tist. Ostwald once remarked that Chevreul carried on 
his researches at a pace which indicated that he had a 
prescience that he would live to be very old. 

The home environment was eminently favorable to 
the development of his intellectual faculties. His 
father, correspondent of the Academy of Medicine, 
was not only an able practitioner and a distinguished 
teacher, he also had a facile pen. He was one of the 
first in France actively to campaign for the reconcili- 
ation of medicine and surgery, sister professions that 
for centuries had been jealously inimical to each other. 
Using himself as example, he maintained that a sur- 
geon could be the equal of a physician only if he was 
trained in the same disciplines and held the same de- 
gree. 

The moral surroundings were just as excellent. The 
early boyhood of Chevreul fell within‘a period of fright- 
ful events: first the Revolution and then the Reign of 
Terror. In 1794, a guillotine was set up permanently 
in the Place de Ralliement, only a few steps from his 
home. He might easily have seen there the horrible 
crimes committed by irresponsible: men who sent to 
death children, young girls, women, old men, the inno- 
cent as well as the guilty, chosen at random or often to 
satisfy partisan or private hatreds. The boy heard his 
elders discussing the mass massacre of more than 3000 
prisoners of war, the murder of civil prisoners, the 
burning of titles of nobility, of university diplomas, of 
cultural objects, etc. His parents had a summer home 
at Murs; a neighboring village, and Chevreul remem- 
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bered the pleasant days he spent there in his youth. 
He witnessed there a bloody battle, la Roche des Murs, 
between the Vendeans and the Republicans. How- 
ever, his parents did not yield to the unnatural psycho- 
sis that had taken possession of so many of their fellow 
townsmen. At the close of the siege of Angers in De- 
cember 1793, the self-styled “representatives of the 
people” conceived the horrible scheme of exposing on 
the ramparts the heads of the Vendeans killed before 
the city. The surgeons were ordered to perform the 
grisly decapitations, but at the risk of their lives, 
Michel Chevreul and his colleagues neglected (?) to 
carry out this order. Thus, the young Chevreul found 
in his home brave and humane spirits. The life there 
was healthy and free of the current passions. This 
atmosphere shielded him during the impressionable 
years from the dangerous examples that were so preva- 
lent, and kept him, to a great extent, from devel- 
oping a nervous excitability that might easily have 
been the sequela of the events to which he was exposed. 

His mother, for whom he always retained a deep 


affection, was his first teacher. - She did not spoil him, | 


and he often recalled how she firmly insisted when he 
balked at eating fish or drinking undiluted milk or 
wine, for which he had a life-long aversion. 

When he grew old enough to go to school, all the high 
schools and colleges had been disbanded and there re- 
mained only private teachers. He was sent to two of 
these in turn: Jean Perrier, brutal and severe; Ma- 
thurin Papin, kinder and more understanding. In 1795, 
the Convention decreed that écoles centrales should be 
opened in the capital cities of the various departments 
and Chevreul was enrolled in the one at Angers in 1799. 
The program of studies included literature, science, and 
technical subjects. Mineralogy was taught by the 
pharmacist and surgeon Renou, who had studied at 
Gottingen. Heron, exoratorian, and formerly pro- 
fessor at the college at Anjou, was the instructor in 
chemistry and physics. Chevreul’s scholastic abilities 
quickly became evident; he received first prizes in 
Latin, Greek, physics, chemistry, and mineralogy. 
Two of his schoolmates, like himself, were destined to 
have distinguished careers: Bochard, who became a 
member of the Academy of Medicine, and the sculptor, 
David d’Angers. 


CHOICE OF CAREER 


The young man reached the stage where he had to 
choose a career. Despite the family tradition, he was 
not attracted toward surgery or medicine. Rather,’ at 
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an early age chemistry appealed strongly to him. This 
choice probably was a reflection of Heron’s exceptional 
teaching talents. However, Chevreul had exhausted 
the possibilities at Angers, and he dreamed of going to 
Paris where Fourcroy and his associate Vauquelin were 
lecturing with eclat. The latter, to quote Dumas, 
“was a chemist through and through every day of his 
life and throughout each day”; he was a prominent 
member of the Institute and held teaching posts at the 
Museum of Natural History (Jardin des Plantes), at the 
Ecole des Mines, and at the Ecole Polytechnique. In 
1801 he succeeded Darcet at the Collége de France and 
in 1803 he was appointed Director of the newly erected 
Ecole de Pharmacie. In addition, he managed the 
chemical’ works of Fourcroy, Deserres and Vauquelin 
at 23 Rue du Vieux Colombier. 

It was to him that Chevreul applied in 1797, armed 
with a recommendation from Proust, who had been born 
at Angers in 1754 and hence knew the brilliance and 
promise of his young townsman. Vauquelin took the 
boy into his laboratory, where he worked side by side 
with another student, Thenard. Chevreul quickly 
showed that he, too, was worthy of every attention, and 
before long he was on an intimate footing with Vauque- 
lin. Soon he spent most of his evenings at Vauquelin’s 
apartment at the Museum. He was allowed to collabo- 
rate in the master’s researches and so had a small part 
in the discovery of chromium in 1798. He was scarcely 
twenty years old when Vauquelin put him in charge of 
the laboratory. Their mutual. esteem was deeply 
rooted and Chevreul never failed to acknowledge the 
great debt he owed to Vauquelin. He especially ap- 
preciated the latter’s scientific genius and his ability to 
work both intensely and accurately. This was in con- 
trast to his opinion of Fourcroy, of whom he remarked 
to Armand Gautier ““You may have absolute confidence 
in Vauquelin, but be suspicious of Fourcroy.” 

Chevreul’s first teaching appointment was at the 
Lycée Charlemagne. In 1810 he was made assistant 
naturalist at the Museum; in 1821 he became examiner 
in chemistry at the Ecole Polytechnique. When in 
1824 he was made director of dyeing at the national 
tapestry works of Gobelins he was only 38. 


ELECTION TO THE ACADEMY OF SCIENCES 


In 1818, Chevreul was a candidate for election to the 
Academie des Sciences, but graciously withdrew to 
insure that Proust would be elected. . At the latter’s 
death in 1826, Chevreul was named to fill the vacancy. 
He was President of the Academy in 1839 and 
again in 1867. Finally in 1830 he was elected succes- 
sor to Vauquelin as Administrative Professor of the 
Museum of Natural History. He was reélected six 
successive times, the last term beginning in 1861. He 
then became honorary director. He spent almost 70 
years in the service of this world famous scientific in- 
stitution. He also was a member of the Royal Society 
of Agriculture and served several terms as its president. 
He was a member of numerous foreign scientific organi- 
zations, such as Copenhagen, Stockholm, Berlin, Mos- 


Figure la. Obverse of Medal 


cow, Philadelphia, and London. He received many 
decorations, including the Grand Cross of the Legion 
of Honor. Despite these distinctions, he remained 
an unassuming scientist, striving only to merit the title 
he loved best: “Dean of Students.” 

Though he never took part in politics, he was an ar- 
dent patriot. In 1814, Czar Alexander offered him the 
headship of the Polytechnic at St. Petersburg, but 
Chevreul refused the post. During the Franco-Prus- 
sian war of 1870-71, he calmly continued his researches 
during the bombardment which devastated the galler- 
ies and greenhouses near his laboratory. He entered a 
strong protest to the German ruler against such need- 
less destruction in the minutes of the Academy (Janu- 
ary 9, 1871) and this gained wide publicity. He even 
enlisted in the National Guard, and despite his 85 years 
insisted on taking his turn as guard on the fortifications. 

The celebration of his centenary in 1886 was a great 
national event. A medal, by Roty, was presented to 
the celebrant and on the back was the dedication: “La 
jeunesse. francaise au Doyen des étudiants.” A vol- 
ume containing a complete bibliography of Chevreul’s 
publications was issued at this occasion. In his Intro- 
duction, C. Brogniart declared, “This volume may be 
regarded as the history of modern chemistry.” Be- 
sides a complete account of the elaborate ceremonies, 
the volume also contained reproductions of the congratu- 
latory addresses sent by various learned societies from 
all parts of the world. Among these was one from the 
American Association for the Advancement of Science, 
which made Chevreul an honorary member.! 


PRIVATE LIFE 
Chevreul’s private life was pleasant and exemplary. 





1 Mauuorze., G., ‘Oeuvres scientifiques de M. E. Chevreul, 
1806-1886,” Paris, 1886. 
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On July 22, 1811, he married Sophie Davallet, daughter 
of a retired tax official. The bridegroom (Figure 2) was 
handsome, tall, robust, full of energy, with rather 
sparkling, mischievous eyes, and unruly hair. His 
bride was nice looking, intelligent, and, in addition, she 
had the attraction of being quite well off. She quickly 
realized that the wife of a scientist must lead a slightly 
self-effacing life that would not interfere with the work 
of her husband. During the winter she lived in Paris; 
the rest of the year she resided on her place at L’Hay, a 
suburb, about 8 kilometers out of the city. Each 
Saturday evening, Chevreul walked out to rejoin her, 
and he returned to the city each Monday morning in the 
same manner. They were at home to their friends on 
Sunday. Their visitors included scientists: Fréderic 
Cuvier (brother of Georges), Ampére, and temporary 
visitors to France such as Berzelius (who was his 
neighbor in 1819), Liebig, Oersted; the artists: Horace 
Vernet, David d’Angers, Delaroche; writers such as 
Villemain, Champollion, etc. Chevreul was mayor of 
L’Hay for thirteen years. He was generous and public 
spirited and gave the village a town hall, a school, a 
fountain, and provided the funds for the restoration of 
the church. 


Figure lb. Reverse of Medal 


Mme. Chevreul died in 1862. He then gave up prac- 


tically all social life. The estate at L’Hay was turned 
over to his son, and Chevreul never made his home there 
again. He resided at the Museum, surrounded by eld- 
erly servants. His life was almost that of a recluse. 
He practically gave up newspapers and read only scien- 
tific journals and books. He went out only to scien- 
tific meetings. He was perfectly satisfied to spend all 
his time in his laboratory and library. The latter was 
quite large, and he added to it constantly, buying 
not only recent publications but also rare books. Even 
the great festivities in connection with his centenary at 


JOURNAL OF CHEMICAL EDUCATION 


Figure 2. Chevreul as a Young Man. 


the Institute, the Museum, and the Opera, with the 
President of the Republic in attendance, did not greatly 
interrupt the even course of Chevreul’s life. The 
next day he quietly resumed his accustomed routine. 
His last publication, which dealt with the role of atmos- 
pheric nitrogen in the vegetable economy, was pre- 
sented before.the Academy on May 22, 1888. He was 
then almost 102. His first paper, a chemical examina- 
tion of fossil bones, had appeared in 1806, 7. e., more 
than 80 years earlier. 

The following letter? addressed to a foreign scientist 
sums up exceptionally well Chevreul’s remarkable ca- 
reer. The letter, dated Paris, September 1, 1884, was 
written when Chevreul was 98, the writing is only 
slightly shaky. 

“Dear Sir: Permit me this expression, although I 
have never spoken to you, and above all allow me to add 
that this is by no means simply a letter, addressed to a 
stranger, but a token of true gratitude for the very nice 
things you have said about me personally, rather than 
for the compliments addressed to the scientist. If, with 
respect to the latter, the press has treated me as.I would 
never have anticipated, be assured that if I have been 
made happy by these compliments, it is because I have 
the convictions of moral honesty, and it is because of 
my conscience that I am grateful for the kindness of the 
press. I have never desired either riches, or elevation 
to a high social position, or to be given authority over 
others. My maxim in my scientific career has always 





2 Private collection of Prerre Lemay. 
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Figure 3. The Original is in the Jardin des 
Plantes, in Paris, and a Porcelain Reproduction 
in the Conservatoire des Art et Metiers 


been: “Strive diligently to attain perfection without 
laying claim to it.”” My rule of conduct has been: ‘To 
accept the obligations of the position in which I find my- 
self.” Thanks to these inborn propensities, I am happy 
in the kindness which some scientists foreign to France 
have shown me, and among the French my teacher Vau- 
quelin, Ampére, Fréderic Cuvier, Gay-Lussac, and 
Thenard. Dear Sir, I trust that your kindness will not 
find this letter too long since it has been dictated by a 
gratitude which all who know me will find entirely natu- 
ral.”’ 

However, even the best and the longest careers must 
come toa close. Chevreul’s vitality declined, he spoke 
only with difficulty. He received practically no one, 
and went out only when his son took him for a daily 
drive. The son died on March 27, 1889, and though 


this news was carefully concealed from the father, he | 


seemed to be drawn to the tomb. He had contracted a 
bad cold, while viewing the building of the Eiffel Tower, 
and collapsed suddenly. After lingering several days 
he died on April 9, 1889, aged 102 years, 7 months, 9 
days. He was given a State funeral with military hon- 
ors. At his request, there was no elegy at the tomb. 
He rests in the cemetery at L’Hay. 
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Two statues of Chevreul can still be seen. The first, 


. (Figure 3) showing him standing, was erected in honor 


of his centenary in the Jardin des Plantes, Paris, near 
the Museum where he spent so many happy and fruit- 
ful years. The other (Figure 4), a seated figure, is in 
the Jardin des Plantes at Angers, his birthplace. 


WORKS 


The researches of Chevreul are outstanding because 
of their number, their importance, and their diversity. 
His books, papers, and notes number more than one 
thousand. They are grouped under 540 heads in the 
bibliography issued at the centenary celebration. Ob- 
viously, not more than a small fraction of this mass of ° 
published material can be considered here; only some of 
the more important and most characteristic of his 
achievements have been selected for discussion. A de- 
tailed biography and analysis of his writings would be a 
worth-while project and would constitute a really fitting 
memorial to this great man. 

Until the 19th century chemistry dealt almost exclu- 
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Figure 4. Statue of Chevreul in the Jardin des Plantes, Angers. 
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sively with inorganic materials. Lavoisier, near the 
close of the 18th century, had made it an exact science 
based on qualitative and gravimetric data, but the do- 
main of organic chemistry, the chemistry of living things 
and their products still remained almost untouched. 
The work in this field was mostly limited to producing 
certain salts and oils by distillation of organic materials, 
a method extensively employed by Rouelle, Macquer, 
and especially by pharmacists, who thus prepared al- 
leged panaceas for all sorts of ailments. In 1774, Lavoi- 
sier remarked in his laboratory journal, ‘“What is meant 
by ‘oil’? It appears that it can be converted into a 
gas by combustion, but we know nothing beyond this.” 
The organic materials found in nature consist usually of 
an aggregate of diverse substances and hence ultimate 
analysis can give no real information about such sys- 
tems. The treatment is too drastic and far-reaching; 
it is necessary first of all to resolve the native materials 
and to separate the proximate principles. ‘This ini- 
tial step,” said Berthelot, ’ will be the starting point of 
all later studies and will constitute the foundation of or- 
ganic chemistry.” It was here that Chevreul entered 
the picture. 

Although Vauquelin’s researches had been mainly in- 
organic he, together with Fourcroy, had studied some 
organic materials, especially those related to medicine. 
Hence it was not strange that Chevreul’s first studies, 
beginning in 1807, dealt with such substances as log- 
wood, cork, bones cartilage, indigo, wood, the liquids 
contained in the invertebral cavities, litmus, etc. 
These, along with a number of minor studies of inor- 
ganic topics, occupied him until 1813, a notable date 
since it marks the start of his systematic investigation of 
fatty materials. 

Behal states that Vauquelin set Chevreul on this path 
by bringing to him for examination a sample of spoiled 
fat, while Graebe declares that, in 1811, Chevreul be- 
came interested in the crystals that separated, after long 
standing, from a water solution of a potassium soap 
that he was analyzing. In any event, the fruits were 
abundant; a new field of organic chemistry was inau- 
gurated. This work was the real beginning of Chev- 
reul’s brilliant career. 


FATS AND OILS 


Little was then known about the greasy materials 
variously designated as oils, butters, greases, fats, 
etc. Lavoisier, in 1794, found that “the ‘fixed oils’ 
contained 21 parts of hydrogen and 79 parts of carbon.” 
“Perhaps,” he wrote in 1789, “the solid oily materials 
may contain also a little oxygen, to which they owe 
their solid state.’ By 1805 Fourcroy had not gotten 
much further. Various ultimate analyses had contrib- 
uted little if anything, though proximate analyses pro- 
duced somewhat more information. As early as the 
17th century Tacken, (Tachenius) a German chemist 
living in Venice, made the important observation that 
“Gn saponification it is an acid which combines with the 
alkali, because the oil or fat contains a hidden acid.” 
In 1745, Macquer pointed out that rancid oils contain 
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acid. Scheele, in 1783 isolated from oils a “sweet prin- 
ciple (dlsuss),” to which Chevreul later gave the modern 
name, glycerin. However, Scheele’s discovery had no 
effect on the chemistry of the saponification process, 
which was considered to be merely a direct union of fat 
(thought to be an acid) and alkali. In passing, it should 
be noted that Scheele deserves great credit for leading 
the way of escape from pure empiricism in the prepara- 
tion of particular types of compounds. His procedure 
for the preparation of acids is the earliest model of the 
proximate analysis of organic materials. In this sense, 
he was the precursor of Chevreul, who became the real 
organizer and codifier of this method of attack that has 
since been so widely applied. 

Was it meré chance, or was it rather a genuine flair 
for research that led Chevreul to choose the most fe- 
cund path when he opened his study of fats by investi- 
gating soaps? His now famous series of seven papers 
were issued from 1813 to 1818. The results, augmented 
and systematized, were collected in his “Recherches sur 
les corps gras d’origine animale” (Figure 5), a book of 
500 pages, published in 1823 at Paris. (It was repub- 
lished in 1889.) By his masterly experimental studies, 
he elucidated the process of the formation of soap and 
showed that fats are combinations of acids with glyc- 
erin. These studies yielded a number of other impor- 
tant results. Among these are the discovery and iso- 
lation of the fatty acids: oleic, palmitic, stearic, va- 
lerianic, caproic, and capric. From biliary calculi and 
bile, he isolated cholesterine (discovered in 1775 by 
Conradi) and by saponifying spermaceti he obtained 
cetyl alcohol. He showed, in contradiction to Four- 
croy, that saponification can proceed in a vacuum and 
hence in the absence of oxygen. He followed quanti- 
tatively the saponification of fats by different bases and 
and found that the weight of the products, 7. e., the 
fatty acids and the glycerin, is 5 of 6 per cent greater than 
that of the fat. These data were quite significant in the 
development of his theoretical conclusions. In separat- 
ing the acids derived from the fats, he introduced into 
chemistry a procedure that has proved to be tremen- 
dously important and useful in establishing the identity, 
purity, or constancy of composition of organic com- 
pounds. ‘The stearates and margarates were consid- 
ered to be pure, when after being dissolved five suc- 
cessive times in boiling alcohol, the precipitate, formed 
during the cooling, contained an acid that had the same 
fusibility (melting point) as that of the acid which re- 
mained dissolved in the alcohol.’”’ Up to then melting 
points (and likewise boiling points) had been very much 
neglected as identifying characteristics of materials. 

Chevreul studied fats from all available sources, in- 
cluding man and many wild and domesticated animals. 


' Such origins are revealed in the names he coined for the 


new acids: butyric (butter); capric, caproic (goat); 
delphinic, phocenic (dolphin, porpoise), etc. Margaric 
acid (from margarita= a pearl), which he originally 
called margarine, was given this name because it was 
obtained by adding hydrochloric acid to the mother-of- 
pearl like crystals (matiere nacrée) that he, as already 
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stated, had observed to deposit from his original soap 
solution. A good many of his terms have become a per- 
manent part of both the chemical and the everyday 
vocabulary. He showed that all natural fats are mix- 
tures of a comparatively’few chemical individuals. Each 
of these species in itself conforms to Proust’s law of defi- 
nite composition, but by being present in. different pro- 
portions confer on the numerous and varied fats, oils, 


butters, greases, etc., their differences in fusibility, odor, . 


taste, ete. Saponification, to him, was simply a de- 
composition of a fat in which the inorganic bases took 
the place of the anhydrous glycerin, which by taking 
up water became the glycerin that could be recovered 
from the sweet water. ‘This,’’ declared Colson, ‘‘was 
a discovery of fundamental importance, a veritable 
scientific impulsion, whose effects are still evident in or- 
ganic chemistry.”” To Chevreul it was then evident 
that the soaps are true salts, comparable to inorganic 
salts, he concluded “from this point of view, the fats, in 
many respects, are quite analogous to the esters, which 
are considered to be compounds of acids and alcohol.” 
Berzelius wrote: “It may be said that this constitutes 
the best and most complete chemical study that chem- 
istry can exhibit, and which leaves scarcely a question 
to be answered. It is a model for younger chemists 
who propose to investigate any of the less known parts 
of chemistry.” 

These masterly researches by Chevreul led subse- 
quently to the famous studies, in 1853 and 1854, by 
Berthelot, who synthesized the glycerides from their fis- 
sion products, to the study (1828) by Dumas and Boul- 
lay of esters, and to the discovery (1858) by Wurtz of 
glycol. From the technological standpoint Chevreul’s 
findings resulted in: rational improvements in the manu- 
facture of soap; the large-scale production of glycerin; 
the manufacture of stearin (7. e. stearic acid) candles. 
Tallow candles were in common use at this time. They 
were soft, needed constant attention, and their smoky 
flames gave off unpleasant odors. In 1818 Braconnot* 
tried in association with Simonin, a pharmacist at 
Nancy, to improve them, by removing the more fluid 
portions of the tallow. Gay-Lussac, who was always 
looking for profitable applications of science, suggested 
to Chevreul that it might be possible to commer- 
cialize candles made of stearic acid. They took 
out a joint French patent in 1825, and a little later 
had a similar patent taken out in England by the indus- 
trialist Moses Poole. However, they never got be- 
yond the laboratory stage because the process was too 
complicated and the wicks did not work properly. One 
month after the granting of their patent, an engineer, 
Jules Cambaceres, also took out a patent and started a 
factory. His product was of poor quality and did not 
sell well. Two young physicians, Motard and de Milly 
(Demilly) bought Cambaceres’ patent in 1829, im- 





’ Henri Braconnot (1781-1855) from 1807, director of the 
Botanical Gardens and professor of natural history at Nancy was 
involved in a heated priority debate with Chevreul. For details 
rs R. JAGNAuUx, “Histoire de la Chimie,” Vol. 2, Paris, 1891, p. 
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proved the plaited wicks, and substituted lime for pot- 


ash in the saponification. They took out patents in 
their own names in 1831, and began to manufacture 
“Bougies de |’Etoile,;” so-called because their factory 
was near the barrier of that name. This term for stea- 
rin candles persisted for many years. They dissolved 
their partnership in 1835; Motard started a stearinerie 
in Berlin, and de Milly moved his factory to St. Denis. 
He built a second plant in 1836 at Marseilles. It was 
de Milly who made an industrial success of saponi- 
fication by means of lime, who perfected hot pressing to 
eliminate the liquid acids, who used wicks impregnated 
with boric acid (or ammonium borate). He and his 
son-in-law, Bouis, professor at the School of Pharmacy, 
invented the saponification of fats under pressure and 
at elevated temperatures in the presence of a small 
amount of lime as catalyst. The stearin candle inaugu- 
rated a new era in lighting. The juryof the International 
Exposition of 1855 recognized the merits of the theory 
and likewise of its practical application by awarding a 
grand medal of honor to Chevreul, and a medal of honor 
to de Milly. The prize of 12,000 francs instituted by 





68 


the Marquis d’Argenteuil “for the encouragement of 
national industry” was given to Chevreul in 1852. 


PROXIMATE ANALYSIS 


The great success that issued from his studies of 
fatty materials strengthened in Chevreul his ideas re- 
garding proximate principles and the application of ap- 
propriate means of separating them without altering 
their natures. The use of neutral or indifferent sol- 
vents is a fine example. By such means he brought to 
a focus one of his capital achievements, namely the 
creation of and instruction in his methods of proximate 
organicanalysis. 'Theseproceduresweresoclear-cutand 
accurate that they soon entirely supplanted the old, 
faulty, and confused notions. They provided rules that 
could be applied to isolated chemical species with the 
objective of rigorously defining such individuals. Ber- 
thelot wrote: “He thereby imposed on chemists and 
physiologists an inflexible discipline, hitherto unheard of 
in studies of vegetable and animal chemistry.’ 

Chevreul’s doctrine is developed in his ‘‘Considéra- 
tions générales sur l’analyse organique et sur ses applica- 
tions,’ published at Paris in 1824. In the introduc- 
tion to this volume of more than 250 pages, he stresses 
the importance of his new approach. ‘Without a de- 
termination of the proximate principles that make up 
plants and animals, organic chemistry cannot be counted 
among the sciences, since it has rules neither for itself, 
nor for those who wish to make planned applications of 
it to the arts or to some branch of knowledge that deals 
with organized beings. A method that will provide 
precepts for determining organic species will be truly 
fundamental.” 

Chevreul appreciated thoroughly that a proximate 
analysis should precede a useful ultimate analysis, and 
that in the prevailing state of the science it was im- 
possible to carry out, as a control, syntheses of organic 
compounds as could be done in the inorganic 
field. However, the possibility of organic syntheses 
was foreseen by Chevreul as early as 1824. “I have 
shown that among the materials which constitute or- 
ganized beings it is admissible to distinguish between or- 
ganic and inorganic compounds, because there exist 
numerous compounds that are found only in animals 
and plants, and which cannot be produced by any chemi- 
cal process now known. However, to regard this dis- 
tinction as absolute and invariable would be contrary to 
the spirit of science; this would be to admit the futility 
of all the attempts that have for their objective to pro- 
duce compounds identical with or analogous to those 
that are now considered as peculiar to organized beings.” 
Therefore he held it incorrect to assume “that life or the 
so-called vital force can alone produce compounds ab- 
solutely distinct from inorganic compounds.” Before 
the year ended, Wohler produced oxalic acid from cyano- 
gen, and four years later achieved his classic synthe- 
sis of urea. This field of preparative, synthetic organic 
chemistry was subsequently developed in extensive 
fashion by Berthelot. 

In the introduction to this, his second book, Chev- 
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reul rigorously imposed on himself the following rules: 
(a) to define exactly the words employed; (b) to accept 
as true only the data derived from experiments; (c) 
to dissect difficulties so as to solve them better; (d) to 
proceed from the simple to the compound; (e) to make 
enumerations so complete and reviews so general that 
there would be every assurance that nothing had been 
omitted; (f) to avoid all useless distinctions and consid- 


erations which would tend to slow down the progress 


of the science, but to establish, on the contrary, all 
those that might favor such advance by multiplying 
and revealing the relations in regard to which the prod- 
ucts of the organism might be considered. 

He defined ‘‘species’’ as “a collection of simple ma- 
terials with identical properties, and particularly in or- 
ganic chemistry, identical in their composition, and 
physical, chemical, and organoleptic properties.”” He ap- 
lied the term “variety” to samples of the same organic 
species that differ in their secondary crystalline forms 
or in other less important properties from the com- 
pound that is accepted as typical of the species. A 
“genus,” according to Chevreul, is a collection of or- 
ganic species which have one or more properties in 
common, and which are very important or very re- 
markable. With this as foundation, he proceeded to 
develop his subject. He showed first of all that proxi- 
mate analysis is a delicate procedure. For instance, 
certain materials distill without decomposition, where- 
as others decompose when @xposed to the action of heat. 
Similarly, oxygen behaves differently, according to the 
temperature, or whether little or much water is present, 
or foreign materials, such as alkalis The solvents 
(water, alcohol, ether, acids, bases) may alter or decom- 
pose the proximate principles; the same is true of pre- 
cipitants. It is well to be thoroughly acquainted with 
these modifying or deleterious effects, so that a reagent 
may be applied either without introducing an error, or 
with advantage. Under such enlightened conditions, 
the changeableness of organic mixtures is no longer an 
insurmountable obstacle. 

In short, Chevreul conferred on proximate organic 
analysis a great measure of scientific rigor and certainty. 
The soundness of this methodology was reflected almost 
at once, and the founding of the chemistry of alkaloids 
quickly followed that of the fatty materials. In 1817 
Sertiirner described in detail morphine, which he had 
discovered in 1806. Pelletier and Caventou isolated 
strychnine in 1818, brucine in 1819, quinine in 1820, 
etc. Then came the capital discovery of the alcohols, of 
which only ethanol was really known up to 1835. 

This idea that proximate principles preexisted in ma- 
terials had circulated before Chevreul. Nevertheless, 
to him belongs the credit for the conception of proxi- 
mate principles as applied to well-defined materials, that 
display constant physical and chemical properties, and 
which cannot be separated without being denatured. 
Solutions and mixtures had always been confused with, 
real compounds, but before Chevreul, no one had tried 
to characterize the latter by an exact criterion. Ber- 
thelot wrote: ‘‘As long as this idea, so simple and yet 
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so concealed, was not understood and accepted in the 
science, the progress of organic chemistry remained de- 
prived of all precise basis.’’ Chevreul himself defined 
chemistry as “the-science which reduces materials to 
species that are characterized by their properties.” As 
early as 1823 he foresaw the existence of isomers. ‘‘Sub- 
stances are known which give on analysis the same ele- 
ments united in the same proportion, but which are far 
from having the same properties. If one stops at the 
limits of exper:ment, it is evident that there is no other 
way of conceiving this case except by referring it to 
different arrangements of the atoms or particles.” 
Chevreul was an excellent quantitative analyst. He 
contributed significantly to the development of -com- 
bustion analysis of organic compounds. For instance, 
he burned his fatty acids by means of cupric oxide; the 
water was weighed and the carbon dioxide determined 
by volume. When corrected by modern atomic weights 
his data for stearic acid and cholesterin are in quite ac- 
ceptable agreement with the calculated values. 


DYEING AND COLORS 


+ 


In 1824, Chevreul was appointed Director of Dyeing 
at the tapestry works at Gobelins and Beauvais, and of 
the carpet factory of Savonnerie. In these famous es- 
tablishments, the dyeing was conducted according to un- 
scientific recipes, that were often jealously guarded se- 
crets handed down from father to son. Hence there was 
need of a competent chemist who could put the art ona 
rational basis and also improve the fastness and the 
brilliance of the colors. Chevreul thus found himself 
obliged to leave a field that had borne much fruit, and to 
take up a new line of endeavor. He returned to the 
study of fats only twice throughout the many years 
that. still stretched ahead. At the request of the 
government (1850-1856) he investigated the drying of 
oils. He proved that this important characteristic is 
due not to drying in the usual sense but to the ability 
of oils, linseed especially, to combine with oxygen. 
His other late study of fats dealt with lanolin. 

The new field of work was not entirely novel to him 
because, as has been mentioned, he had studied indigo 
and wood at the beginning of his career. He set up a 
laboratory and got it in running order. His innova- 
tions were received with hostility by some of the work- 
ers, but he nevertheless made such rapid progress in dye 
chemistry that he was able. to publish, in 1829 to 1830, a 
two volume work ‘‘Lecons de chimie appliquée a la tein- 
ture.”” This comprehensive work was supplemented by 
humerous communications to the Academy of Sciences. 

His next achievement dealt with a physiologic phe- 
nomenon, and touched closely on the esthetics of paint- 
ing, ete. He had noted that a good deal of the difficulty 
encountered by the producers of tapestries was not due 
to the dyes themselves, but to the improper juxtaposing 
of colors. He decided to study this matter, and even- 
tually formulated the laws that govern the contrast of 
colors. His ‘De la loi du contrast simuitané des qou- 
leurs,” issued in 1839, has 750 pages plus an atlas of 40 
pages. It was translated into German and English; 
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an American edition appeared in 1854 under the title: 
“The Principles of Harmony and the Contrast of Col- 
ors.” In this field he was a real pioneer. The start 
of this work was a paper (1830) on the influence that 
two colors may have on each other when they are viewed 
separately. He never lost interest in this matter, and 
in 1883, when he was 97, he presented a paper on the 
appearance of colored materials in rotary motion in six 
parts. His beautiful studies of trichromism are part 
of the basis of color photography. Although the two 
sets of three: red, orange, green, and _ blue-violet, 
yellow-blue, and red, were known prior to Chevreul’s 
work, it was he who intensively pursued this topic and 
brought into the open all the possibilties, by realizing 
with these three pigments the whole gamut of colors, 
with almost 15,000 shades or tones. 

The phenomena of “simultaneous contrast’ studied 
methodically by Chevreul can be summed up in the rules 
he announced: (1) If two colored objects are juxta- 
posed, each loses its own color and takes on a new color 
resulting from a modification of its own color by the 
complementary of that which is contiguous to it. (2) 
The juxtaposition of two colors of different tones low- 
ers the tone of the brighter and lightens that of the 
darker. (3) If the two contiguous colors are comple- 
mentary, the shade of each of them can no longer be 
modified by the complementary of its neighbor. The 
tones of both are heightened reciprocally. (4) If non- 
complementary colors are brought side by side, some- 
times a more pleasant harmony issues, and sometimes 
false and disagreeable shades result. Certain colors 
mutually heighten themselves when brought together, 
while others are mutually harmful. Women have 
always known this to be true and artists also, but not 
consciously. 

Chevreul’s laws of simultaneous or successive con- 
trast, his theory of colored shadows, and the chromatic 
circle that bears his name and which permits the faith- 
ful reproduction of any shade, were applied by him but 
not always with equal felicity, to the most varied fields: 
women’s clothes, military uniforms, gardens, etc. His 
rules rendered great service to the dyeing industry un- 
til the introduction of the extremely brilliant artificial 
dyestuffs. His work contributed significantly to the 
impressionistic school, whose entire technique reflects 
his observations. Chevreul is the precursor, or rather 
the theorist, of this whole new school of painting. 


HISTORY OF CHEMISTRY 


Throughout his adult life, Chevreul was keenly in- 


terested in the history of science. Most of his many 
papers on historical subjects appeared in the Journal des 
Savants. For example, in 1843, he published a series of 
studies on Hoefer’s “History of chemistry” (1842); in 
1851 a discussion of the “Course of hermetic philos- 
ophy or alchemy in 19 lectures by Cambriel (18438),”’ 
etc. Chevreul’s discussions of such historical works 
are marked by preciseness and pleasing general views. 
Among his own books in this field are: ‘Histoire des 
connaissances chimiques” (1866) and “‘Résuméd’unehis- 
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toire de la matiére depuis les philosophes grecs jusqu’a- 
Lavoisier inclusivement’’ (1877). He dealt with the 
history of medicine in connection with a work of Claude 
Bernard, with the history of natural sciences apropos of 
a book by Geoffroy St. Hilaire, with the history of met- 
allurgy, and even of artillery.‘ 


THE A POSTERIORI METHOD 


Chevreul always sought to establish general methods 
and principles rather than to make individual discover- 
ies. In his “Recherches sur les corps gras” he wrote: 
“Tt is less on account of the facts considered in them- 





4 An extensive discussion of Chevreul’s historical studies is 
given by H. Merzcer, Archeion, 14, 6-11 (1932). 
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selves than to render an account of the manner in which 
the mind proceeds in the discovery of the unknown, 
that so much time has been devoted to verifying the 
exactness of these experiments.”’ He took the attitude 
that one of the principal functions of experiment is to 
test the validity of a preliminary theoretical induction 
based on the study of natural phenomena or on labora- 
tory findings. He returned to this a posteriori method 
in numerous writings, and especially as he grew old. 
His ‘‘De la méthode a posteriori experimentale et de la 
genéralité de ses applications,” a volume of 405 pages, 
was published in 1870. 


RADIESTHESIA 


Though this word (aisthesis =. sensation) was coined 
to fit the occasion, the use of the divining rod and similar 
gadgets reached back into ancient times. The practice 
of seeking water and mineral deposits by means of a 
forked branch was common from the 16th century, or 
even earlier. The credence in such instruments was so 
well established that they were employed by the au- 
thorities, in 1692, to track down murderers. 

Chevreul, a dyed-in-the-wool Cartesian (‘never go 
beyond experiment and reduce everything to simple 
ideas’), in 1853 was assigned, along with Boussingault 
and Babinet, to examine for the Academy a paper on 
the use of the divining rod. This was an excellent op- 
portunity to apply his a posteriori method to physiology, 
and to use his letter ‘‘on a particular class of muscular 
movements” that he had addressed to Ampére, and 
which was published in the Révue des Deux Mondes § 
in May, 1833. Trials and observations proved to 
Chevreul that the movements of the rod resulted from 
subconscious reflexes governed by a_ preconceived 
notion, by design, and by the appearance of the sur- 
roundings. .Experiments with blindfolded operators 
were conclusive. He resolved that it was essential to 
set forth at length the inanity and the childishness of 
these practices. This he did in his “De la baguette 
divinatoire, du pendule dit explorateur et des tables 
tournanter (Fig 6).”’ This volume (258 pages) ap- 
peared in 1854; it is now rather rare. 

The foregoing discussion has dealt with only the more 
characteristic of Chevreul’s many fields of endeavor. 
Lack of space precludes the examination of the many 
others, such as agriculture, soils, fertilizers, nutrition and 
and foods, hygiene, epidemies, diseases of live stock, 
waters, minerals, archeology, photography, metallurgy, 
grape culture, etc. This partial catalog alone suf- 
fices to show the catholicity of his interests and the 
breadth of his talents. He did more than merely exist 
for an extraordinary number of years, he used practically 
the whole of this unprecedented (for a scientist) span of 
life to improve the lot of his fellow men. Science will 
perhaps never see his like again. 
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Chemical Education in American Institutions 





UNIVERSITY OF ROCHESTER 


{ 


A DEPARTMENT of chemistry is a collection of individ- 


uals with a building in which to teach and to do re- 


search, but the character of a department—its soul per- | 


haps, that something which determines whether your 
boy should go there—cannot be measured by numbers, 
by floor space, or by published articles. Rarely should 
one man be either blamed or praised for success or fail- 
ure, although his ability to choose men is of unques- 
tioned importance, for a department is part of an insti- 
tution and the general reputation of the institution has a 
great bearing on ability to attract either good faculty 
members or good students. The department chairman 
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University of Rochester, 
Rochester, New York 
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is not a glorified office boy. 
He is the goat. 

Frequently factors be- 
yond the power of a de- 
partment chairman deter- 
mine the course of events. 
Budgets may be inadequate. 
Staff members with perma- 
nent tenure may have been 
on the scene’ when he 
arrived. Space may be in- 
adequate and impossible to 
rectify in a period of short- 
ages. A short visit will 
suffice, however, to reveal 
whether a department is 
happy and whether it is 
operating as a team or as 
a collection of uncoordin- 
ated individuals. 

A successful chemistry 
department must have some 
able young men on the 
staff. Young men have 
new ideas; they are less 
hampered than older ones 
by extra-scientific calls on 
their time, committee work, 
administrative duties, and 
advising students. They 
will be instrumental in 
maintaining if not in creat- 
ing a research atmosphere 
and they will, in many 
instances, also do the best 
teaching. All of which im- 
plies a sound policy with 
regard to promotion,: one which looks forward to the 
future. 


There are three general bases for promotion, aside 
from factors related to department size and budget: 
teaching ability, research, and administrative ability. 
Of these three by far the most difficult to evaluate ob- 
jectively is teaching ability. Mere popularity with stu- 
dents is not a safe guide. Neither is generally accepted 
clarity of presentation. Stimulation to thought rather 
than imparting of ideas, no matter how carefully predi- 
gested, is important in good teaching. The students 
must not be anesthetized into abject acceptance of the 
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divine word of the teacher. However, even if a good 
teacher has been chosen, what guarantee is there that he 
will still be one twenty or thirty years from now? Will 
he still be telling the same jokes or will his knowledge of 
science have kept abreast of the times? The man who 
has so little interest in chemistry that he will not spend 
some of his spare time with it is not apt to remain an in- 
spiring teacher very long. Research ability and teach- 
ing ability are not always found in the same individual, 

but the combination can be found. Once found, such an 
individual deserves promotion, he should be allowed to 
teach and do research and be freed of the infinite drudg- 
ery which has become a necessary but not a very essen- 
tial part of our academic system. 

It is easier to obtain an objective estimate of research 
ability. Opinions of colleagues in other institutions 
should be sought. Such opinions may mean little for 
the first few years, but by the time one is ready for an 
associate or full professorship one should have the be- 
ginnings of a substantial research reputation. This 
reputation must be based mainly on the work the man 
has done himself, but he should also have begun to at- 
tract graduate students. 

This brings up another point in dint departmen- 
tal administration. Large departments may be strong 
in several fields. Smaller departments must choose, 
but a good department cannot be too narrow. Let us 
say that at least two of the major fields of chemistry 
must be well represented. The research students must 
not work with one or two faculty members. Either the 


staff quality is too low or the staff will be unhappy if 


that is the case. One faculty member may have a big- 
ger reputation than the others but he should not domi- 
nate the research program. Universities must continue 
to be places where men are free to follow research leads 
whether or not they fit into a preconceived scheme and 
the graduate students must be free to work with any 
faculty member, regardless of rank, who has demonstra- 
ted his ability to do and to direct research. 

It takes several years to determine whether a man’s 
research ability warrants promotion to permanent ten- 
ure. Too few young faculty members realize that they 
must develop fields of their own. Minor extensions of 
work started under other investigators as graduate stu- 
dents or as post-doctoral fellows may add to the reputa- 
tion of the older man, but will not show enough original- 
ity to warrant a life appointment. Such appointments 
must be made with great care. 

It may be argued that one should never promote a 
faculty member for administrative ability only. Per- 
haps that is true, but good administrators are rare and 
they are needed in academic circles. The time of able 
teachers and scientists is too valuable to be wasted on de- 
tails. Occasionally, it is wise to promote a man with a 
view to his being eventually a department chairman, a 
dean, or even a college president. The younger men of 
a department should be given responsibilities sufficient 
to demonstrate which types of ability they possess and 
administrative ability must be considered in making 
some promotions. 
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The foregoing may be summarized by stating that 
young men should be carefully chosen; they should be 
given definite responsiblities and much freedom to de. 
velop their careers. They should be promoted as soon 
as their abilities have been proved, but not sooner, and 
due regard to age distribution must be given to the end 
that the department will always have young men in it, 
A department chairman should be severely censured if 


-he does not pay a great deal of attention to the develop. 


ment of the young men in his department. 

So far we have said little about teaching. With a good 
faculty and good students this problem solves itself al- 
most automatically. Methods should, of course, be 
studied and changed and experimented with. When- 
ever a department feels perfectly satisfied with its sys- 
tem the department chairman and at least half the 
staff should be fired. Some teaching methods require a 
lot of labor and give precious little return in useful peda- 
gogy. There should be as much personal contact as 
possible between faculty members, graduate assistants, 
and students. Do grading notebooks, elaborate meth- 
ods of marking laboratory work, and more quiz sec- 
tions really teach the student anything? If not, abol- 
lish them and spend the time saved either in talking to 
students personally or in doing research. It must not 
be forgotten that better graduate students often do a bet- 
ter job of teaching than faculty members, just because 
there is more chance for real personal discussion with 
them. 

A word about graduate work is also necessary. 
This is the one teaching level in the United States where 
student and faculty members have the proper relation- 
ship for good teaching. Even this is changing and 
many graduate schools are beginning to believe that for- 
mal classes and courses are a good substitute for peda- 
gogy. 

The ideal graduate school would be one where there are 


no courses, just seminars and discussion groups, where. 


at least a quarter of a student’s time in the first year is 
devoted to research and where by the third year he does 
nothing but reading and research. Unfortunately this 
ideal cannot be reached. Most entering graduate stu- 
dents are not well trained in one or more of the standard 
fields of chemistry, others do not know how to use lan- 
guages (either English or foreign), still others have in- 
adequate training in physics, mathematics, or biology. 
In other words, the graduate school now feels called 
upon to complete undergraduate training and the situa- 
tion will get worse if undergraduate colleges increase re- 
quirements of general courses designed to overcome the 
shortcomings of the secondary school. The situation 
is becoming serious. 

The entering graduate student should receive very 
early a problem he can call his own and course work 
should be reduced to the absolute minimum necessary 
to guarantee that he knows the tools of the trade. He 
should learn much by personal reading and discussion. 


Finally, a long drawn-out course for the Ph.D. is deaden- | 


ing. The student should usually get through in three 
years and then get a job. He doesn’t need to stop 
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learning when he has a degree, and the sooner he begins 
to stand on his own feet, once he has had basic train- 
ing in research, the better off he will be if he is really a 
good man. 

This brings us to the choice of students. The ear- 
lier undergraduates can be discouraged from studying 
chemistry after the establishment of a reasonable doubt 
concerning their abilities, the easier it is for them to 
enter other fields successfully. Generally speaking, stu- 
dents who get beyond the sophomore year should have 
demonstrated ability and should be practically certain 
to graduate. The chemistry course should almost be 
an honors course. 

Only the best undergraduates should do graduate 
work and grades are not an infallible basis for selection. 
A student with high grades may not have any original- 
ity and initiative and sometimes his personality is such 
that success in any endeavor would be problematical. 

Less frequently, but occasionally, a man with low 
grades may have that spark which characterizes a real 
research man. Personal judgment counts a great deal, 
but the weeding out process for graduate students must 
be far more severe than for undergraduates. It cannot 
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be based mainly on grades in courses or in examinations 
but must include an estimate of the man. 

A word concerning personality is in order. Too 
many graduate students lack social graces and tend to 
be recluses. Not that they shouldn’t work long 
hours; they must be interested enough in chem- 
istry to want to. But their entire social life should not 
be confined to the walls of the laboratory. There is 
room for an occasional “screwball” in chemistry pro- 
viding he is a real genius, but no premium should be 
placed on being a.screwball. A good personality and 
good adjustment to one’s surroundings make success 
easier and life a whole lot more pleasant. 

This has been more the presentation of a philosophy 
than the description of a department, but one must 
have certain ideals and strive toward them, leaving to 
others the verdict as to how well those ideals have been 
attained. The summary of the philosophy is simple: 
choose a good staff and trust it, choose the best stu- 
dents and don’t encourage the others. Eliminate 
purely formal instruction as far as size of staff and facil- 
ities permit. Is this policy ruthless? Perhaps, but it 
may be the kindest one in the end. 


APPARATUS FOR THE SEMIMICRO TEST 
FOR A CARBONATE 


FRED H. HEATH 


University of Florida, Gainesville, Florida 


By va ordinary test for a carbonate, the unknown is 
treated with hydrochloric acid, warmed, and the 
evolved carbon dioxide is passed into a solution of cal- 
cium hydroxide, where it causes precipitation of cal- 


cium carbonate. Under the common working con- 
ditions of the laboratory there is distinct risk of a false 
test from the presence of carbon dioxide either from the 
exhaled air of the operator or from a near-by gas flame. 
The apparatus here outlined is designed to avoid such 
errors as well as to work conveniently withsmallamounts 
of material. 

The glass apparatus rests on the top of a test tube, as 
indicated in the illustration. The small opening in the 
glass apparatus permits introducing the calcium hy- 
droxide by use of a medicine dropper and it prevents 
false tests by carbon dioxide entering the apparatus 
from outside sources. The large exposed surface of 
the solution of calcium hydroxide results in rapid absorp- 
tion of the carbon dioxide, and the test is quickly made. 
The apparatus is cheap, simple, and easily cleaned. 

This apparatus can be used for other tests, such as the 
chromyl] chloride test for a chloride in the presence of 
bromide or iodide. 














AMMONIA AS A SOLVENT—AN EXAMPLE OF 
THE APPLICATION OF EXISTING THEORY’ 


Recent apvances in understanding the liquid state 
have necessarily been won mainly by considering sub- 
stances which emphasize the effects of some one deter- 
mining character, while minimizing others. Liquid 
ammonia has received comparatively little attention 
because it combines a variety of properties to a degree 
that makes it a remarkably versatile solvent, taxing, 
therefore, all the resources of our present theories of 
solubility. It has a rather high dielectric constant and 
dipole moment; it can form hydrogen bonds or bridges; 
it is one of the most basic of solvents; its dispersion 
forces are considerably larger than those of water, its 
nearest competitor; and its molecular volume, while 
much larger than that of water, is smaller than that of 
most other common ionizing solvents. It is even a 
solvent for certain metals. An analysis of its solubility 
relations can serve, consequently, as an almost uniquely 
instructive example of what can be done by means of 
existing theory. 

We are limited in this by the paucity of quantitative 
data. Most of the observations to be found in the 
literature are reported by qualitative and rather sub- 
jective adjectives, such as “moderately,” “fairly,” ‘ap- 
preciably,’’ and some are contradictory, several sub- 
stances being insoluble according to one observer and 
soluble according to another. Under these circum- 
stances, our analysis of the general problem must be 
largely qualitative. This should not be so discouraging 
as it may sound because, as a matter of fact, we need 
qualitative information far moreoften than quantitative. 
We wish to know, for example, which of several possible 
solvents for a certain substance is likely to be the best. 
Even if we eventually want an accurate quantitative 
figure, which our theories cannot give, they at least en- 
able us to select the most promising substances for 
measurement. They can save us from making useless 
experiments Noone, for example, need take the trouble 
to experiment in order to find out that p-dinitrobenzene 
is less soluble than the ortho isomer, for that can be pre- 
dicted with complete confidence, as will later be ex- 
plained. Enough progress has been made in the general 
theories of solubility to enable us, even with so many 
sided a substance as ammonia, to render reasonable at 
least the qualitative aspects of its extraordinary prop- 
erties as a solvent. 

We should bear in mind, to begin with, that solubility 
in a two-component system involves not only the attrac- 
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tion between solvent and solute molecules, which favor 
solubility, but also the attraction of solvent molecules 
for each other and likewise, unless the solute is a gas, the 
attraction between solute molecules, both of which oper- 
ate to oppose solubility. Preoccupation with the first 
of these three forces should not divert attention from 
the other two. The third, particularly, is often over- 
looked. As an example, let us compare phenanthrene 
and anthracene.? These substances boil within two 
degrees of each other, showing that their intermolecular 
forces are almost identical at temperatures high enough 
to put them in a state of complete thermal agitation. 
As these liquids are cooled, however, and thermal 
agitation diminishes, the greater symmetry of anthra- 
cene permits it to crystallize at 218°C. while phenan- 
threne crystallizes only at 99.6°C. The molecules of 
the former are much more tightly packed, showing a 
molal volume at room temperature of 142 cc. as against 
174 cc. for phenanthrene, and its melting point and 
heat of fusion are accordingly higher and it is conse- 
quently far less soluble than phenanthrene in any sol- 
vent. A similar difference is found between para and 
ortho disubstituted benzenes. This consideration ap- 
plies likewise to the interpretation of the relative solu- 
bilities of two liquids in a third. Table 1 gives, first, 
the solubilities of 7-amyl alcohol and ethyl propionate 
in water. We see that, as liquid, the latter is almost 
as soluble as the former, but we see, also, that its satu- 
ration pressure is 12 times that of the former. Nowif 
we were trying to compare the solubilities of two gases, 
we would, of course, apply them at the same pressure; 
it should be evident, therefore, that if we are interested 
in comparing the ability of molecules of 7-amyl alcohol 
and ethyl propionate to penetrate into water we should 
apply them to the water at the same partial pressure. 
We may assume Henry’s law in order to calculate their 
solubilities at the same vapor pressure, 10 mm. in 





TABLE 1 
Solubility in Water, 20°C. 
Moles/1000 are 


At vapor 
pressure 


0.322 
0.232 
0.0255 
0.0054 





Vapor 
pressure, 
. mm. 


1.40 
0.084 
0.00091 
0.00154 





i-Amy] alcohol 
Ethyl! propionate 
n-Propyl] chloride 
n-Propy] iodide 








1 Presented at the Conference on Ammonia Chemistry dedi- 
cated to the memory of E. C. Franklin and F. W. Bergstrom, 
Stanford University, August 4-7, 1947. 
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2 HinpeBRAND, J. H., (a) Science, 80, 125 (1934); (6) “Solu- 
bility of Non-electrolytes, ” Reinhold Pub. oe? New York. 
Second edition, p. 165.. 
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Table 1, obtaining the figures in the second column, 
1.40 and 0.084 moles per 1000 g. of water, respectively, 
showing that the separate molecules of the alcohol are 
far more strongly attracted by the water, in accord with 
their strong hydrogen-bonding property. 

Table 1 shows a similar calculation for n-propyl 
chloride and iodide, where the former is more soluble in 
water if they are applied as liquids, whereas the latter 
is more soluble if they are applied at equal vapor pres- 
sures. 

Again, if we wish to compare the solubilities of salts, 
such as the alkali halides, where solution takes place as 
ions, we should note that their solubilities depend not 
only on the dielectric constant, etc., of the solvent but 
upon their lattice energies. The difference is illus- 
trated by Table 2. 





TABLE 2 


Moles/ 
10 moles* 
NH;, 25°C. 


1.835 


0.088 
0.0142 





Moles/ 
10 moles 
H.0, 25°C. 


Lattice 
energy? 
kg.-cal. 


160 
179 
214 


Melting 
point 





651 
804 
980 


Nal 
NaCl 
NaF 





As the melting point and lattice energy rise in the 
order NaI, NaCl, NaF, the solubility falls off, whether 
in NH; or in H,O. Furthermore, the ratios of the 
solubilities of NaCl and NaF are nearly the same in 
ammonia and in water, indicating that they are mainly 
properties of the salts, while the ratio for NaI and NaCl 
is ten times as great in ammonia as in water. Evi- 
dently the fact calling for explanation is the exception- 
ally large solubility of NaI in ammonia. This is to be 
found at least partly in the fact that the solid phase is 
not NaI but NaI: 4NHs3, while*’NaCl at this temperature 
is not ammonated. 

The nature of the solid phase is all too seldom re- 
ported but is essential to proper understanding. One 
should not forget that Na2SOu, NasSO,-7H2O and Nag- 
8O,:10H,O have very different solubilities in water and 
it should not be surprising that ammonation alters 
solubility in ammonia. 

Alkali nitrates are very soluble in ammonia—which is 
in harmony with their low melting points—and am- 
monium nitrate is particularly soluble, aided by the 
formation of hydrogen bonds between NH,*t and NH;. 

Let us return now to a detailed consideration of the 
characteristics of ammonia listed at the outset, begin- 
ning with dielectric constant, «. This plays the domi- 
nant role in the solubility of strong salts in ammonia. 
The solvation energy of a gaseous ion of radius r and 
charge e is given by the equation of Born, AF = (e?/2r)- 
(1—1/e). Anion will be more highly solvated, accord- 


’ Mayer, J. E., anp L. Hetmenouitz, Z. Physik, 75, 19 (1932). 
‘Hunt, H., J. Am. Chem. Soc., 54, 3509 (1932). 3 

5 Birrz, W., anp W. Hansen, Z. anorg. allgem. Chem., 127, 
(1922). 
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ingly, the higher its charge, the smaller its radius, and 
the larger the dielectric constant of.the solvent. Table 
3 gives the dielectric constant of ammonia and several 
other electrolytic solvents for comparison. It indi- 
cates why water is, in general, a better electrolytic 
solvent than ammonia, as illustrated in Table 2. 





TABLE 3 
Dielectric Constants and Dipole Moments 


uw X 10% 
€.8.U. 








1.85 
1.49 


1.61 
4.19 
2.8 

1.70 
1.14 


H,O 
NH; 


SO 

CsHsNO, 

(CH;),CO 
H;OH 


(CsH;)20 4.33 20 





It should be noted, also, that if the basis is changed 
to volumes of H.O and NH; instead of equal numbers of 
moles, the figures in Table 2 would favor water still 
more strongly, because of its smaller molal volume, 18.0 
ce. vs. 26.6 cc. at 0°C. 

The Born equation is in harmony with the increase in 
solubility and the stability of solid ammonates in going 
from a cesium halide to a lithium halide, but the in- 
crease in solubility in going from fluorides to iodides re- 
quires a different explanation. The halide ions, in the 
first place, are much larger than the alkali ions, so that 
their solvation energy plays a smaller part in the process 
of solution. But this disparity in size can account for 
the increasing amount and strength of ammonation of 
the solid halides reported by Biltz and Hansen® in 
changing in either of the above-mentioned directions, 
made possible by the increasing discrepancy in size, 
between cation and anion. The more highly and 
strongly ammonated is a solid, the farther it is on the 
way tosolution. The highest number of NH; molecules 
combining with one mole of halide is given in Table 4, 
reproduced from these authors. 





TABLE 4 
Number of NH; Molecules in Highest Ammonate 
Cl Br ' 


5 








5 
rf) 





Hydrogen Bonds.6 Ammonia, like water, hydrogen 
fluoride, alcohols, amines, carboxylic acids, etc., is 
capable of forming strong hydrogen “bonds” or 
“bridges” and I pointed out’ in 1936 the strong influence 
these bonds can have upon solubility relations, far 
stronger, indeed, than the effects of ordinary dipoles. 


6 See an excellent review by M. L. Hucerns, J. Org. Chem., 1, 


407 (1936). 
7 HILDEBRAND, J. H., Science, 83, 21 (1936). 
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The effects are seen most clearly in their influence upon 
the boiling points of the pure liquids, as shown in 
Figure 1.8 The strength of the bond between any pair 
of atoms is influenced by the rest of the structure, hence 
constant bond energies cannot be stated. The bond 
distances seem to offer a good general indication of 
their strengths. -Table 5 gives these distances and 
several bond energies as summarized by Pauling.? We 
must expect liquid ammonia to be a solvent for sub- 
stances with which it can form hydrogen bonds. 


400 


Boiling point °K 
3 
o 





4 
Period 
Figure 1 





Basic Character. Ammonia is one of the most basic 
of ordinary solvents, whether considered as an electron 
donor, in the sense of G. N. Lewis, by virtue of its 

H 


unoccupied electron-pair, H: N:H, or a proton acceptor 


in the Brgnsted-Lowry sense. Examples of the former 
are its union with BF;, SO., or Ag+. Its reaction in the 
latter sense is H+ + NH; = NH,+. Its position among 
liquids as a basic solvent is, approximately, the follow- 
ing, arranged in order of increasing basic character: 
SO., H.O, (C2Hs)2O0, CeHsNH2, NH;, CH;NH2. We 
may expect some degree of basic reaction even toward 
acids which are weaker than NH,+, such as CsH;OH. 
Such interaction may be indistinguishable in some cases 
from the hydrogen bond formation of the preceding 
section, but it is likely to be profitable, nevertheless, to 
think of it in both ways. 


8 Reproduced by permission from ‘Principles of Chemistry,” 
J. H. Hitpesranp, The Macmillan Co., New York, 5th ed., 
1947. 

® Pautine, L., “The Nature of the Chemical Bond,” Cornell 
University Press, Ithaca, New York, 1944. 
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Dispersion Forces. Two molecules which do not 
react chemically attract each other, nevertheless, ac- 
cording to the theory of London” by reason of their 





TABLE 5 
Hydrogen Bond Distances and Energies 





Energy 
Substance Distance, A° kg.-cal./mole 
KHF, 2.26 a! 
HeFs coe 6.7 
NH,F : 5: 
Ice : 4.5 
Urea : Ea 
NH; : 1:3 








moving electrons, the more strongly the larger the 
number of electrons and the less firmly they are held. 
The quantitative relation is 


— 8aia2 hyo, hvo,e 


2r> hyo + hyo 





e= 


where a, and a, denote the polarizabilities of the two 
molecules, 7, their distance apart, and hy their zero- 
point energies, which may be approximated by their 
ionization potentials, V,, or by aid of their power to dis- 
perse light. Table 6 gives illustrative values of a and ¢ 
according to London. 





TABLE 6 
Dispersion Potentials 





a X 10%4 V;(electron-volts 


X cm.) 





J 


“100 GG 
CONN ws 


La) 





Even in the case of molecules having dipole moments, 
u, the dispersion effect may far outweigh the orientation 
effect, given by the expression, —2y?, u*»/3rekT’, if the 
molecule has enough electrons to be fairly polarizable, 
as illustrated in Table 7, also from London. 





TABLE 7 


Comparison of Dispersion and Orientation Effects 





Dispersion Orientation 
uw X 108 Potential Potential 


H.0 1.84 47 190 
NH; 1.49 93 84 
HCl 1.03 105 18.6 
HI 0.38 382 0.35 








We see that while the attractive field of water mole- 
cules depends mainly upon their dipole moment, that of 
ammonia is almost equally divided between the two 
effects, while with HI the dipole effect is negligible. 


10 Lonpon, F., Z. Physik. Chem., B11, 222 (1930); 
Faraday Soc., 38, 8 (1937). 
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Ammonia is accordingly a poorer solvent than water for 
strong dipoles but much better than water for multi- 
electron molecules such as iodine compounds, and for 
nonpolar substances, such as hydrocarbons. A valu- 
able practical criterion of solubility is the square root 
of the internal pressure,!! as given by (AE*/V)'/*, where 
E* is the energy of evaporation per mole and V the 
molal volume. Substances dissolve in each other best 
which have equal values for this quantity, provided 
that they do not differ too strongly in other respects. 
Table 8 shows how NH; and H.O compare in this re- 
spect with each other and with several other solvents. 





TABLE & 
Internal Pressures at 25°C. 





(AB*/V)'/2 
7.2 





8.5 
7.5 
9.05 
3.1 
3.8 


1 
2 





Specific Solutes. Let us now examine some typical 
substances to see how well their solubilities correlate 
with the above factors. First, we see the effect of 
difference in melting point of similar isomers in the fact 
that phenanthrene is reported as approximately 11 
times as soluble as anthracene”? at 20°C., in accord with 
their respective melting points of 99.6°C. and 218°C. 
Similarly, para-nitro toluene, m. p. 51°C., is less soluble 
than the ortho- or meta-compounds,}* m. ps. —4.1° and 
15.15°; and para-dinitrobenzene, 172°C., is less soluble 
than ortho-,!* 116.5°C. 

The aliphatic hydrocarwons, in view of their non- 
polarity and low internal pressure, are rather insoluble 
in ammonia but more so than in water, as would be 
expected. 

The aromatic hydrocarbons, with their higher inter- 
nal pressures, have a distinct but limited solubility, well 
illustrated by toluene. The vapor pressures of this 
system were measured by Kraus and Zeitfuchs.14 The 
two liquid phases have a consolute temperature of 
14.7°C. The substitution of any strongly hydrogen- 
bonding group, —OH, —NHb, etc., enormously en- 
hances solubility; phenol and aniline are miscible with 
ammonia in all proportions. The contrast with water 
is what would be expected. 


11 Ref. 2 (b), Chap. V. ‘ 

12 Monoszon, A. M., V. A. Pueskov, AND A. I. SHATENSHTEIN, 
J. Ind. Chem. (Moskow), 12, 389 (1935). 
13 FRANKLIN, E. C., anp C. A. Kraus, Am. Chem. V., 20, 820 
1898). 

M4 Kraus, C. A., anp E. H. Zerrrucus, J. Am. Chem. Soc., 44, 
1249 (1922). 
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These same groups suffice to draw even aliphatic 
radicals to which they are attached into ammonia, as 
shown by all the lower alcohols and amines, even glu- 
cose and sucrose. Acetone" is sufficiently hydrogen- 
bonding to form solid (CH;),CO-NHs; and iodoform"™ 
gives CHI;-NH,. 

The various forces between ammonia and other 
molecules are indicated by the following values for the 
solubility of ammonia gas in mole per cent in several 
solvents!” at 0°C. and 1 atmosphere: toluene, 0.26; 
ether, 7.9; ideal, 23.8; ethyl alcohol, 39.9; methyl 
alcohol, 43.9; water, 48.1. We see that its solubility in 
toluene is roughly only one per cent of the ideal solu- 
bility, in agreement with the strong positive deviation 
from Raoult’s law shown by the coexistence of two 
liquid phases referred to previously. Toluene is prac- 
tically nonpolar, nonacidic, nonhydrogen-bonding and 
of low internal pressure. Ether has some hydrogen 
bonding ability; that of the alcohols and water is very 
large. 

The most striking solubility phenomenon of all is 
undoubtedly the solution of the alkali metals in liquid 
ammonia, yielding metal ions and, according to the 
recent theory of Ogg,'* electrons quantized in cavities 
which they create in the solvent. The properties of 
liquid ammonia which appear to contribute most to 
this phenomenon are its negligible ionization compared 
to water, the extreme consequent slowness of its reduc- 
tion by electrons, and its dielectric property, enabling it 
to release the Born solvation energy with the metallic 
ion. Comparing the alkali metals with each other, the 
solubilities of Li, Na and K as measured by Kraus” and 
coworkers are as follows: 0.277 gram-atom of Li per 
mole of NH; at —39.4°C.; Na, 0.187 gram-atom per 
mole; K, 0.2055 gram-atom per mole. These figures 
are the net result of two factors which oppose solution: 
(a) the sublimation energy of the metal (highest with 
Li), (0) the ionization energy of the gaseous atoms (also 
highest with Li), and of three factors which assist 
solution, (c) the solvation energy of the ions (greatest 
with Li), (d) the solvation energy of the electrons (the 
same for all three), and (e) the accompanying changes 
in entropy We possess reasonably accurate values for 
steps a and b, but not for steps c, d, and e, therefore we 
would not be able to calculate the small differences in 
solubility which are actually found, representing as they 
do, differences between relatively large quantities. 


‘15 Hock, R., anp H. Stupuman, Ber., 61, 1170 (1928). 

16 CHaBLAY, E., Compt. rend., 140, 1262 (1905). 

17 Ref. 2 (b)., p. 187. 

18 Occ, R. A., Jr., Phys. Rev., 69, 668 (1946); J. Chem. Phys. 
14, 295, 399 (1946). 

19 Kraus, C. A., anp W. W. Lucasssz, J. Am. Chem. Soc., 43, 
2529 (1921); C. A. Kraus, anp W. C. Jounson, tbid., 47, 725 
(1925). ; 











A LABORATORY APPARATUS FOR VAPOR 
PHASE REACTIONS 


A neview of the literature for the last twenty years 
fails to reveal more than a very few publications de- 
scribing a laboratory apparatus of general applicability 
to the study of vapor phase reactions.'~* In our ex- 
perience even these suffer from one or more of the fol- 
lowing defects: 

(a) Elaborate devices for the control of liquid feed; 

(b) Use of rubber tubing at points subjected to 
continuous exposure to reagents; 

(c) Inconvenience in changing catalyst and in clean- 
ing the system. 

For the past three years we have been experimenting 
with various modifications of the apparatus described 
in this paper. Since it has become reasonably standard- 
ized and has demonstrated a wide adaptability, we 
believe it is worth reporting. 

The arrangement illustrated in Figure 1 has been 
used most frequently for the simultaneous introduction 
of a gas and a liquid to the converter tube. Simple 
alterations permit considerable variation of the reac- 
' tants. The entire equipment may be constructed from 
materials ordinarily available in a well-stocked labora- 
tory. It is easily assembled and can be conveniently 
taken apart for cleaning and changing the catalyst. 
Operation is simple, as is indicated by the fact that 
several previously unskilled workers have been trained 
to be satisfactory operators in less than a day’s time. 

Three essential parts are involved in the construction 
and operation: the feed system, the converter, and the 
condensing system. These will be described in detail. 


THE FEED SYSTEM 


The most important function of the feed system is to 
introduce reactants at a constant rate throughout the 
experiment. When compressed gases from cylinders 
are used, little difficulty is encountered simply by using 
good needle valves with simple flowmeters for measure- 
ment. Use of liquid reactants, on the other hand, re- 
quires considerable care to avoid changes in the rate of 
addition resulting from such variable factors as unex- 
pected alterations in pressure, clogging of delivery 
tubes, or back-surge from too rapid vaporization in the 
converter. 

In our apparatus the first requirement to maintain 
constant liquid feed at desired rates is a source of inert 





1 Hooe, H., J. Verunus, anv F. J. Zuiwerwee, Trans. Far. 
Soc., 35, 993 (1939). 

2 WENDLAND, R., J. Cum. Epuc., 21, 171 (1944). 

* O’Banton, E., ibid., 24, 287 (1947). 
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Allied Chemical & Dye Corporation, Morristown, 
New Jersey 
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gas at constant pressure. For many purposes air from 
the laboratory compressed air supply is satisfactory. A 
diaphragm valve‘ is attached to the compressed air 


4 Regulator model CONO H-10, Conoflow Corporation, Phila- 
delphia, Pennsylvania. 


Figure 1 
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supply to minimize the wide variations in pressure 
delivered from the compressor reservoir. A short sec- 
tion of thermometer capillary inserted in the air line was 
found to serve equally well. When it is necessary to use 
nitrogen in place of air, coarse regulation can be effected 
by means of a needle valve on the high pressure cylinder. 
From the coarse regulator the air passes through a con- 
troller based on the Cartesian float principle’ (shown 
schematically in Figure 2).6 Air enters the fine control- 
ler at A and part of it passes to the system through out- 
let B. During normal operation the float is held against 
the capillary tip C so that a small stream of air is al- 
lowed to escape. Using water as the float liquid, very 
delicate pressure adjustments can be made by raising 
or lowering the leveling bulb D. At the same time pro- 
tection is obtained against pressure variations in the 
entire system. 

Air from the controller is delivered at a constant pres- 
sure through capillary A (Figure 1) inte the bottom of 
feed reservoir B. Connection to the reservoir is ac- 
complished through a 19/38 standard taper joint held 
in place by springs. Liquid is displaced through open 
stopcock C' and capillaries D and £ into the reaction 
tube F. Capillary D (1 mm., I.D.) is sealed to reser- 
voir B and to the 29/42 joint G. Capillary E (0.2 to 1 
mm., I.D.) is attached to D through a 10/30 joint and 
is held in place by springs. The rate of liquid flow from 
the reservoir is best governed by adjusting the pressure 
of gas introduced through capillary A and by varying 
the size of capillary E. Capillaries D and E also serve 


to minimize liquid hold-up and to reduce the effect of 
back-surge during vaporization. 

When a homogeneous liquid can be vaporized in the 
presence of a gas without reaction, the materials are 
added to the converter through adapter H. The adap- 
ter is connected to the converter either through a neo- 


prene stopper or a 19/38 joint. When mixing of re- 
agents must be prevented until the liquid is vaporized, 
a more complicated arrangement is necessary. The 
adapter part J entering the converter is inserted in a 
larger outer tube by means of a ring seal and is extended 
nearly to the catalyst zone J. The outer tube is con- 
nected to the reagent-gas feed and is of sufficient diam- 
eter to allow filling the preheat zone with packing 
(alundum granules or glass beads). Through the 
original gas inlet K a slow stream of inert gas is usually 
passed to prevent reagent gases from backing into the 
liquid feed. 


THE CONVERTER 


The converter F consists of a Pyrex tube (25 mm. 
0.D.) which is equipped with a sealed-in thermocouple 
well Z and a semi-ball joint M. In filling the tube, 
inert packing (8-10 mesh alundum and Pyrex Raschig 
tings) is added to a depth of four inches, measured above 


5 Grtmont, R., Ind. Eng. Chem., Anal. Ed., 18, 633 (1946). 

6 The controller actually used was adapted from a pressure 
tegulator purchased from the Emil Greiner Company, New York. 
The only modification necessary was the outlet Z for attachment 
to the leveling bulb D. 





Figure 2. Pressure Controller for Liquid 
Feed 


the indentations N. This is followed by catalyst; 50 
cc. occupies about six inches. Pyrex Raschig rings 
(6 X 6 mm.) or, in some instances, alundum (8-10 
mesh) serve as packing for vaporizer and preheater O. 

The heating furnace P is constructed by winding 
nichrome wire on a refractory core (1!/, X 18 in.).’ 
The heating units are wound as two separate circuits to 
function independently as preheater and reactor; 
temperature control can be effected manually through 
Variacs. The insulation consists of a two-inch layer of 
Superex (Johns-Manville) pipe lagging. Raw ends of 
the lagging are sealed with a layer of magnesia cement. 
Temperatures as high as 650°C. were used with these 
furnaces and with a gradient of less than 5° over the 
length of the catalyst zone. 


THE CONDENSING SYSTEM 


Hot gases from the converter are led first through an 
efficient water-cooled condenser, usually of the Fried- 


‘richs type, which is fitted with a socket to join the ball 


of the converter tube and held tightly with a clamp 
(Figure 1). Liquid condensate drops into the receiver 
Q which is equipped with side tubes and stopcocks so 
that samples may be withdrawn: without interrupting 
the process or developing any back pressure. Gases 
not condensed in the water-cooled condenser pass 
through a series of cold traps R which are cooled as re- 
quired for the individual operation. In our research 
frequently involving the use of ammonia, the first trap, 
cooled with ice and salt, was followed by two cooled by 
dry ice-acetone mixture. This series made possible 
nearly quantitative recovery of the excess ammonia for 
material balance calculations. 

If measurement of noncondensable gas volumes is 





7 Purchased from the Norton Company, Worcester, Massa- 
chusetts. 
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desired, a wet test meter may be attached to the end of 
the condensing train, being suitably protected against 
corrosion by the insertion of wash bottles after the cold 
traps. 

The entire apparatus is assembled as indicated in 
Figure 1. It is mounted vertically on a rigid rack over 
a bench eighteen inches above the floor level. The top 
of the feed reservoir is about seven feet above the floor 
and can be reached readily by a person of average height 
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although when adjustments at the top become necessary 
the operator usually mounts a step. Ordinarily, an 
entire run can be conducted without requiring atten- 
tion at the top, once the feed reservoir has been filled 
and the rate adjusted. Temperatures are read by ma- 
nipulating the thermocouple at the bottom of the con- 
verter tube. 

Reactions may be carried out under atmospheric or 
reduced pressure. , 


@ RECENT DEVELOPMENTS IN THE CHEMISTRY 
OF PHOSPHORUS* 


Tux past twenty-five years have witnessed a tre- 
mendous increase in the production of phosphorus 
chemicals of all kinds, both inorganic and organic. 
While phosphate fertilizers still represent the major 
tonnage items, it is significant that applications and 
uses of phosphorus chemicals have increased to such an 
extent that present production facilities are insufficient 
to meet the demand. While research has greatly ex- 
panded our knowledge concerning phosphorus chemis- 
try, such information has not been generally intro- 
duced into elementary and even more advanced texts, 
with the result that this technically very important and 
scientifically fascinating field has been sadly neglected. 

The present discussion will be limited to compounds 
of pentavalent phosphorus. Five subjects have been 
chosen for particular emphasis, since these represent 
either special fields of technological importance or ones 
in which considerable research activity is now being 
manifested. It is proposed to discuss in the light of 





* Presented before the Division of Chemical Education at the 
112th meeting of the American Chemical Society, September, 
1947, New York City. 
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modern developments (1) the composition of the strong 
phosphoric acids; (2) the phosphates and polyphos- 
phates; (3) the glassy polymetaphosphates; (4) the 
fluophosphates; and (5) the ammonophosphoric acids 
and related phosphorus-nitrogen compounds such as the 
inorganic rubber, (PNCl.),. 


COMPOSITION OF THE STRONG PHOSPHORIC ACIDS 


It has long been known that the liquid phosphoric 
acids, ranging in composition between P.O;-H:O and 
P.0;:3H:O, are mixtures. Reactions involving (a) 
dehydration of commercial 85 per cent HsPQO, by heat- 
ing, (b) hydration of phosphorus (V) oxide, or (c) re- 
action of the latter with 85 per cent H;PO, yield a se- 
ries of viscous to semisolid products commonly called 
the “polyphosphoric acids.” Such products are best 
characterized by specifying their P.O; content. New 
analytical procedures which permit quantitative de- 
termination of triphosphoric acid (1), in addition to the 
ortho-, pyro-, and so-called “hexameta-” acids, have 
made it possible to investigate more thoroughly these 
liquid polyphosphoric acids. The pertinent data ob- 
tained by Bell (2) are reproduced in Figs. 1 and 2. Itis 
interesting to note that ortho- and triphosphoric acids 
were found to be present over the entire range of com- 
positions from 72 to 89.9 per cent P:O;. Pyrophos- 
phoric acid is likewise present up to 85 per cent P:0; 
and the polymer of metaphosphoric acid is present when 
the P.O; content exceeds 83 per cent. Of real interest 
is the conclusion reached by Bell that an unidentified J 
phorsphoric acid is present over the P.O; range from 
78-88 per cent and that this substance is present in 
maximum amounts when the P.O; content is approxi- 
mately 83-84 per cent. Bell assumes that it may be a 
lower polymer of metaphosphoric acid, but proves be- 
yond a doubt that it is not cyclotrimetaphosphoric acid, 
since, unlike the latter, it is not converted into the tri- 
phosphate when boiled with an excess of sodium hy- 
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droxide. Nocyclotrimetaphosphoric acid appears to be 
present in these strong phosphoric acids. 

That the strong acids do, in fact, represent equilib- 
rium mixtures can be demonstrated by adding water to 
acids of high P.O; content, heating to establish equilib- 
rium, and then determining composition of the re- 
sulting product of lower PO; content. The composi- 
tion will have been found to change to that which 
characterizes the mixture with lower PO; content. 

It is interesting also to note that so-called pure meta- 
phosphoric acid (88.7 per cent P,O;) contains only 80 
per cent of the constituent commonly precipitated by 
barium ions in acid solution (method for determining 
“hexametaphosphate’”’). Based on analytical results 
presented by Bell, ‘‘metaphosphoric acid” contains as 
much as 2 per cent ortho- and 18 per cent triphosphoric 
acids. : 

The question naturally arises: is it possible to pre- 
pare any of these polyphosphoric acids in the pure 
state? Two acids have been prepared as pure crystal- 
line materials—H;PO, (3) and H4P20,(2, 4). The lat- 
ter is obtained when strong phosphoric acids containing 
79-80 per cent P.O; are allowed to crystallize. It is 
significant, however, that pure pyrophosphoric acid on 
melting reverts (2) to the liquid equilibrium mixture 
characteristic of a polyphosphoric acid with the indi- 
cated P,O; content (79.77 per cent). 

Dilute aqueous solutions of the various acids have 
been prepared by treatment of solutions of the sodium 
salts with an acid exchange resin, (5, 6) or by treating 
the insoluble heavy metal salts with appropriate pre- 
cipitants such as HCl and HS (7, 8, 9). 

While qualitative tests may be used to identify the 
various acids, they can best be distinguished by the na- 
ture of the pH titration curves. Characteristic in- 
flection points are obtained on titration of each acid 
with a base corresponding to the existence of definite 
salts. It is significant, however, that exactly the same 
amount of base is needed to neutralize the strong acid 
function of each of the acids as is needed to neutralize 
the first hydrogen of the orthophosphoric acid resulting 
therefrom on complete hydrolysis. Regardless of the 
structure and molecular size of any of the polyphos- 
phoric acids, there is one strong acid hydrogen for each 
phosphorus atom (1/0, 11). All phosphoric acids, when 
titrated with base, show an inflection point at pH 3.8- 
4.2, corresponding to neutralization of exactly one hy- 
drogen per phosphorus atom. Additional hydrogen 
atoms above the H/P ratio of 1 are less easily dissoci- 
ated and weaker, and show inflection points at higher pH 
values. 
3 Typical titration curves are given in Fig. 3, repro- 

duced from data presented by Van Wazer (10). The 
acids corresponding to the various phosphates were 
made by passing the salts through an ion exchange 
column. They were then titrated with tetramethyl- 
ammonium hydroxide rather than with sodium hydrox- 
ide, since the “presence of sodium ions distorts the ti- 
tration curves due to complex.formation.” Reference 
is made to the fact that cyclotrimetaphosphoric acid is a 
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Figure 2. The Composition of Strong Phosphoric Acids (2). 


strong tribasic acid, comparable in stength to hydro- 
chloric acid as the steepness of the titration curve re- 
veals. 


THE CRYSTALLINE POLY- AND METAPHOSPHATES 


* Classification and Structure. The crystalline phos- 
phates are to be distinguished from those materials com- 
monly designated as the phosphate glasses, such as 
Graham’s salt, which are discussed later. Two classes 
of crystalline phosphates may be considered: 


(a) The linear phosphates and polyphosphates repre- 
sented by the ions: PO,-* (phosphate), P,O;-* (pyro- 
phosphate), and P;Oj~-> (triphosphate). 

(b) The cyclic phosphates represented by the cyclo- 
trimetaphosphate ion, P;0,—*. 

The distinction is based on structural considerations 
and is dependent upon the accepted fact that the basic 
unit in all phosphates is represented by the PO, tetrahe- 
dron (10, 11, 12, 13), in which the phosphorus atom is 
surrounded tetrahedrally by four oxygens. The pyro- 
phosphate ion consists of two tetrahedra with one 
oxygen common to both, while the triphosphate struc- 
ture consists of three such tetrahedra linked together: 

O- O- OF 3 O- Q- 
duishiig- o-b_o_-b_0 o-— ass Quicplicepapacipy 
| bi a Ori | | 
O O ‘ O O 
phosphate pyrophosphate triphosphate 
Claims have been made for the existence of tetraphos- 
phates and higher linear polyphosphates, but these have 
not been substantiated either by x-ray diffraction stud- 
ies (14, 16) of the solid materials containing the proper 
M.0:P:0O; ratios or by chemical examination of the 
solutions (16). The existence of higher polyphos- 
phates as organic derivatives (esters) is not ruled out 
nor can it be positively stated that such chains do not 
exist in solution (see aqueous solutions of the phos- 
phate glasses). ’ 

It is possible for the PO, tetrahedra to be interlinked 
to form cyclic structures and at least one such cyclic 
compound has been definitely proved to exist both in the 
solid state (17) and as an ion in solution (18)—the cyclo- 
trimetaphosphate. ‘Itis furthermore of interest to point 














12 
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Figure 3. Titration Curves of Pure Phosphoric Acids (0). 


out that aluminum metaphosphate, represented by the 
empirical formula Al (POs)3, is actually a cyclotetra- 
metaphosphate (19). Soluble salts of a cyclotetrameta- 
phosphoric acid appear to have been prepared and their 
existence verified by physical measurements (20). It 
thus seems probable that six- and eight-membered 
rings containing alternate phosphorus and oxygen 
atoms form preferentially, although larger rings, such as 
a (PO;)s—°, are not ruled out if analogies with silicate 
systems are permissible (12). 


a aie 
eg Wiga 
Re Tike 
O—P—O—P—O 
0% gs No VA \o. 


cyclotrimetaphosphate cyclotetrametaphosphate 
(P30.) 8 (PsOi2) ~ 


OK Fall 


A simple monomolecular metaphosphate ion would 
seem to be structurally incapable of existence since it 
represents a coordinatively unsaturated structure if the 
tetrahedral model is accepted. 

Such a fragment, if capable of tansitory existence, 
could be stabilized (a) by union with a phosphate or 
pyrophosphate ion to form pyrophosphate and tri- 
phosphate, respectively, or (b) by combining with simi- 
lar fragments to form cyclic structures such as those 
represented above. It is even conceivable that two 
(PO;) fragments might combine to form a dimetaphos- 
phate radical representing a four-membered sing, or 
structurally a case in which two phosphate tetrahedra 
share an edge in common, that is, share two oxygen 
atoms. Claims have been made for the existence of 
such dimetaphosphates (7, 2/). 

Van Wazer (10) eliminates completely any possi- 
bility for existence of branched structures and, based 
upon the fact that all inorganic phosphates con- 
tain only one strong hydrogen per phosphorus atom, 
concludes that ‘only single linkages exist in aqueous 
solutions and that the resulting ions must either be 
straight chains or simple rings.” 

Preparation of the Linear and Cyclic Phosphates. In 
effect, preparation of the linear and cyclic phosphates 
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from either the HePO,- or HPO,;“ions represents 


examples of anionic aggregation such as are found in 
chromate, molybdate, tungstate, and vanadate systems 
except that such anionic aggregation does not occur in 
aqueous solution, but at higher temperatures in the 
solid or molten state. 





TABLE 1 
Anionic Aggregation of Phosphates 
+ 
CrO," (in aqueous solution) =———Cr,0," 
OH- 





PO," (as HPO," or H2PO acid 
‘ at higher Lemmacontunes) He a (A) or (B) 


(A) PO, (POs3)2(#+3)~ 
“(B) (PO)2- 





Increase in acidity of aqueous solutions of chromates, 
molybdates, and tungstates results in the formation of 
polyanionic complexes of higher charge. The mono- 
and dihydrogen phosphate ions represent acids which at 
higher temperatures lose water and aggregate to poly- 
phosphate ions. Reaction of these polyphosphate ions 
with bases in the fused state brings about depolymeri- 
zation. Such reactions are represented by schematic 
equations in Table 1. These reactions have been stud- 
ied most thoroughly as means for preparation of the 
various sodium salts. The reactions which lead to 
polyphosphates or cyclic phosphates are presented dia- 
grammatically in Table 2. An excellent review cover- 
ing the chemistry of the. phosphates has recently been 
published by Quimby (//). 





TABLE 2 
Preparation of Poly- and Metaphosphates 


(A) NaHPO, — eA 
—> Na2H.P,0 
(B) NaH.PO,— 





(N oe, ‘Gnsoluble metaphosphate) 
NasPsOy (cyclotrimetaphosphate) 
5° 


—> Na,P,O1 (cyclotetrametaphosphate) 


(A) + (B) > NasP3Oy0 (triphosphate) 





Thermal Stability. From the above considerations it 
is obvious that the constitution and structure of the 
cyclic phosphates is largely dependent upon their ther- 
mal history. Certainly, the trimetaphosphate would 
appear to be the most stable of the cyclic phosphates, 
since it can be obtained both from the insoluble meta- 
phosphate, (Maddrell’s salt) or from the tetrameta- 
phosphate. All of the metaphosphates will, upon heat- 
ing to fusion, either be converted to glasses if the melt 
is cooled rapidly, or into the crystalline polymeta- 
phosphates, preferentially the trimetaphosphate (al- 
though not exclusively), if cooled slowly. 

The triphosphate deserves special mention since it 
will undergo disproportionation into the pyrophosphate 
and metaphosphate if heated above 600°. Rapid 
cooling results in the formation of a glass consisting of 
pyrophosphate in metaphosphate. Slow cooling and 
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annealing at 550° will cause formation of the triphos- 
phate. It would appear that polyphosphates consist- 
ing of more than three PQ, tetrahedra cannot be 
prepared by thermal methods because of their insta- 
bility, if they exist at all, at higher temperatures. 
Phase relations in the NaPO;-NayP20; system as de- 
picted in Fig. 4 show that NasP;O,0 does not have a 
melting point but undergoes disproportionation as 
indicated above (14, 15, 22). 

Hydrolysis Reactions. All of the polyphosphates un- 
dergo reaction in aqueous solution to yield simpler and 
more stable aggregates, but only in the case of Gra- 
ham’s salt (hexametaphosphate), cyclotrimetaphos- 
phate, triphosphate, and pyrophosphate have these 
“reversion” reactions been studied. These particular 
condensed or “molecularly dehydrated” phosphates are 
theones which are best known and ones for which analyt- 
ical procedures are available. 

The equations in Table 3 are those set up by Bell 
(16) from the results of his latest investigation of this 
rather controversial subject. Both pyro- and triphos- 
phates hydrolyze more rapidly the lower the pH of the 
solution and the higher the temperature. The longer 
the chain length, the less stable do the polyphosphates 
become toward hydrolysis, that is, the shorter is the 
useful life of solutions of these products. Of particular 
interest is the fact that the trimetaphosphate, charac- 
terized by a cyclic structure, is much more stable in 
aqueous solution than the triphosphate. On the other 
hand, rupture of the ring can be effected immediately 
by alkali, whereas the stability of the polyphosphate is 
enhanced by the presence of excess base. 








TABLE 3 
Hydrolysis Reactions 


In Water 
Hexametaphosphate: 3(NaPO3;)s ++ 12H,O — 2(NaPO;)3 + 12 


ater U4 
(NaPOs)s + H.O —- NasH2P3;0.0 
Na3H2P;010 + 2H:0 > 38NaHePO, 
NasP 3010 + H.0 => Na;HP. 207 ot Na.HP O, 
NaeH2P207 oe H.O = 2NaH2PO, 
Na;HP.O;7 + H.O0 — NazHPO, + 


NaH2PO, 
NayP207 + H,0 — 2NazHPO, 


In 1% NaOH solution : 
(NaPOs)s; os 2Na0H a Na;P30;0 + H,O 





Trimetaphosphate: 


Triphosphate: 
Pyrophosphates: 


Trimetaphosphate: 





THE GLASSY METAPHOSPHATES 


Preparation. Reference has already been made to 
the fact that fusion of all metaphosphates followed by 
rapid cooling results in formation of a glassy material, 
first described by Graham (23) over 100 years ago and 
now commonly referred to as Graham’s salt. Sodium 
dihydrogen phosphate is usually employed in the manu- 
facture of Graham’s salt—but this product represents 
only the end member of compositions of varying ratios 
of Na,O:P:0; which, when heated to fusion and then 
cooled rapidly, will yield glasses (see Fig. 4). Clear 
glasses are obtained by rapid quenching of any melt 
having an Na,O:P.O; ratio between 1:1 and 5:3 
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Figure 4. T-X Diagram for the System NaPO;-NasP:0; (24). 
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(approximating triphosphate). With still higher pro- 
portions of Na,O mixed products which contain crys- 
talline material in a glassy matrix are obtained. The 
limit appears to be the pyrophosphate which has not yet 
been produced as a glass (24). 

Structure. There is no question but that these prod- 
ucts are actually glasses, that is, represent “super- 
cooled liquids .. . in which the molecular units (are) 
constrained in some random arrangement” (//). The 
process of solution of these glasses in water is most cer- 
tainly accompanied by some hydration and hydrolysis. 
Physicochemical methods involving diffusion (25) and 
sedimentation studies of solutions (26, 27) as well as end- 
group titrations (6, 10) indicate that the average molecu- 
lar (ionic) weight of the particles obtained by solution 
of such glasses (those of the polymetaphosphate type) 
range, depending upon experimental procedure, from 
4000 to as high as 23,000. Work in our laboratory, in 
which the end-group titration procedure has been used, 
reveals variations in molecular (ionic) weight with 
changes in temperature and time of heating and with 


the nature of the starting material (28). 


The titration curves for solutions of the polymeta- 
phosphate glasses approximate in form that of the tri- 
metaphosphate as the theoretical composition Na- 


} 1 Graham's salt (69.44 P20s). 
2 Sodium phosphate glass containing 67.0% P 20s. 
3.” ° ” "0 66, * 


4 Orthophosphorie acid resulting from 
hydrolysis of the above acids. 
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Figure 5. Titration Curves of the Fresh Solutions of Acids Correspond- 
ing to the Glassy Phosphates (/0). 
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POs, is approached (69.7 per cent P.O;) (24). With in- 
creasing Na,O content deviations become more marked 
and an inflection point begins to appear around a pH 
of 7.5. This suggests that solutions of glasses with 
lower P.O; content contain increasing quantities of tri- 
and pyrophosphate—which in effect are analytically 
determinable in such solutions. (See Fig. 5 based on 
experimental work by Van Wazer.) 

Bell’s (16) work on the hydrolysis of “hexameta- 
phosphate” glasses leads to the very interesting con- 
clusion that the glasses may very well contain cyclotri- 
metaphosphate units, since both cyclotrimetaphos- 
phate and orthophosphate are the analytically deter- 
minable products of this reaction, while triphosphate is 
formed, as might be expected, from the cyclotrimeta- 
phosphate when hydrolysis is carried out in alkaline 
solution. 

Solutions of the phosphate glasses, especially those 
approximating Graham’s salt, contain high molecular 
weight polymetaphosphate particles. The term “hexa- 
metaphosphate”’ is misleading, has no scientific basis or 
justification, and should be deleted from the chemical 
literature. 


THE FLUOPHOSPHATES 


Most of our knowledge concerning the fluophos- 
phoric acids and their inorganic salts is the result of re- 
searches by Lange (29) and his coworkers. Salts of 
monofluophosphoric acid, H,PO;F, of difluophosphoric 


acid, HPO.F», and of hexafluophosphoric acid, HPFs, 
have been prepared and characterized. The availabil- 
ity of the first two of these substances as commercial 
products has been announced recently (30). 

Methods for preparation of various derivatives of 
these acids are given in Table 4. 





TABLE 4 


Preparation of the Fluophosphoric Acids and Their 
Derivatives 


(a) 3NH\F + P.O; ~ NH,HPO,F + NH,PO.F, + NH; 
PoF, #20 ypo,r, 420 H,Po,F 
(HPO;) + HF > H.PO,F 
H;PO, + HF = H.PO,F + H.O 
KH.PO, + HF = KHPO,F + H.O 
NaP,0; + HF (aq.) = 20% Na,PO:F 
PCl, + 6MF — MPF, + 5MCl (where M = NH4’, etc.) 
PCI; + MF (in HF) > HCl + MPF, 








Fusion of ammonium fluoride with phosphorus (V) 
oxide in a 3:1 mole ratio yields a mixture of the am- 
monium hydrogen monofluophosphate and ammonium 
difluophosphate, both of which are extractable by ethyl 
alcohol, but only the first being precipitable by addition 
of ammoniacal ethyl alcohol. Other monofluophos- 
phates can be obtained readily by treating aqueous so- 
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lutions of the ammonium salt with cations whose sul- 
fates are insoluble or sparingly soluble. The silver salt 
forms very readily and may be used to prepare the al- 
kali monofluophosphates by metathesis in solution with 
the corresponding alkali chlorides. Difluophosphates, 
other than the ammonium salt, may be’ prepared by 
treating the nitron salt with the corresponding nitrate, 
precipitating the nitron nitrate. The nitron salt is ob- 
tained by treating a solution of ammonium difluophos- 
phate with a solution of nitron acetate. 

The fluophosphoric acids are also formed in the hy- 
drolysis of phosphorusoxytrifluoride (equation 5, 
Table 4). 

Recently, Lange and Livingston (31) have reported 
the preparation of monofluophosphoric acid from meta- 
phosphoric acid and anhydrous hydrogen fluoride. 
Monofluophosphates may, of course, be prepared from 
the acid. ‘ 

Lange and Stein (32) have studied the equilibrium 
existing in aqueous solutions between phosphates and 
fluorides. For the reaction represented by the equa- 
tion (d), Table 4, they observed an equilibrium con- 
stant, K, of about 0.9. For a solution of potassium di- 
hydrogen orthophosphate and hydrofluoric acid, the 
equilibrium constant for the reaction represented by 
equation (e) Table 4, was found to be about 0.7. No 
monofluophosphates were observed to form in a so- 
lution containing potassium dihydrogen phosphate and 
potassium fluoride. On the other hand, tetrasodium 
pyrophosphate reacted in aqueous solution with strong 
hydrofluoric acid with about 20% of the pyrophosphate 
being converted into monofluophosphate. 

The hexafluophosphates have been prepared in poor 
yield by heating phosphorus pentachloride with metal 
fluorides. Woyski (33) has developed recently a su- 
perior procedure whereby hexafluophosphates are 
readily prepared in good yields by the reaction of phos- 
phorus pentachloride and metal fluorides using anhy- 
drous hydrogen fluoride as a solvent medium. 

The monofluophosphates are similar to sulfates in 
their solubilities. Lange (29, 34) and Ray (8) have 
pointed out that such similarity of properties is to be 
expected due to the electronegativity and size of the 
ions involved. In Table 5, comparative solubility data 
of some monofluophosphates and sulfates are presented. 
The alkali monofluophosphates are very soluble in 
water. In neutral or basic solutions, they are fairly 
stable in the cold toward hydrolysis; they hydrolyze 
rapidly when heated, or acidified, to form orthophos- 
phates. 

The difluophosphates resemble the perchlorates in 
their solubilities. Consideration of electronegativities 
and sizes of the ions correlates this relationship as it 
does that between the monofluophosphates and sul- 





TABLE 5 
Solubility of Some Monofluophosphates and Sulfates at 20°C. (29) 





CaPO;F-2H,0 


6.3 X 10-2 


Solubility in ™*/; 
lL. .miae 


Solubility of the sulfate in ™!/; 


SrPO;F-H20 
5.5 X 107? 
6 X 10-4 


PbPO;3F 


3.2 X 10-4 
1.3 X 1074 


BaPO3F 
CX 107 * 
Lox 10-* 


Ag,POsF 


5.93 X 10-2 
2.51 X 10-? 
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fates. Difluophosphates undergo hydrolysis to form, 
first, the monofluophosphates and, then, orthophos- 


phates. 
PHOSPHORUS-NITROGEN COMPOUNDS 


Attention is directed to the phorphorus-nitrogen com- 
pounds, which represent a relatively unexplored field of 
chemistry and hold untold possibilities for research and 
technical development. The general acceptance of 
Franklin’s “NitrogenSystem of Compounds” (36), which 
relates nitrogen compounds to amomnia much as oxygen 
compounds can be regarded as derivatives of water, has 
made possible the rational classification of these phos- 
phorus-nitrogen compounds and has clarified the re- 
lationships which exist among them. The formal anal- 
ogies depend upon a consideration of ammonia and 
water as parent solvents with compounds containing the 
NE; radical resembling those containing the OH group, 
and those containing the NH and N groupings corre- 
sponding to those containing ionic or covalent oxygen. 

These formal analogies are depicted below in which 
the various ‘“‘aquo”’ phosphoric acids are listed as suc- 
cessive dehydration products of a holo-phosphoric acid, 
P(OH)s, whereas the “ammono” phosphorie acids are 
likewise listed as deammonation products of a hypo- 

P(OH);s — PO(OH); — PO.,OH — P.O; 
P(NH2)s — [PN(NHz2)2]e > [PN(NH)]s — [PsNo]> 
phospho- phospham phosphorus 
nitrilamide (V) nitride 
thetical phosphorus pentamide (37). The ammono phos- 
s phoric acids and the “acid anammonide,” P;N;, are 
all known, but still not too well characterized. Phos- 
pham, HNPN, is a highly polymerized substance. 
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These compounds are most readily obtainable by action 
of ammonia upon phosphorus (V) chloride, by a process of 
ammonolysis, just as hydrolysis yields the better known 
“aquo” acids. It is interesting in this connection to 
point out that from the Franklin point of view magne- 
sium phosphonitrilamide, (MgN)2PN (38), is the nitro- 
gen analog of magnesium phosphate in the same way 
that calcium cyanamide, CaNCN, is the nitrogen analog 
of calcium carbonate. 

There are, however, a large number of mixed aquo- 
ammono compounds and a few of these are depicted in 
Table 6. Unfortunately, most of these compounds are 
much more difficult to prepare than the corre- 
sponding N- and O-substituted organic derivatives. 
Of those listed in the skeletal outline in Table 6, only 
the mono- and diamidophosphoric acids and the highly 
polymerized phosphorus oxynitride are known in the 
free state. Salts of the various imido-acids and the 
phosphonitrilic acids have been prepared: Technical 
interest in phosphorus-nitrogen compounds has been 
manifested by announcement of the availability of the 
ammonium salts of imidodiphosphoric acid and dinitri- 
dohexaphosphoric acid (39). f 

The phosphonitrilic chlorides, (40) represented by the 
empirical formula, PNCl, constitute one of the most 
intriguing groups of substances in the whole realm of 
chemistry. These substances may be looked upon as 
the nitrogen analogs of POCI; and are obtainable by 
partial ammonolysis of PCI. 


PC]; + H,O ———> POC); + 2HCl 
PCl, + NH; (HCl) ———> PNCl, + 4HCl 


The phosphonitrilic chlorides represent a series of 





TABLE 6 
The Mixed Ammono Aquo Derivatives of Phosphoric Acid (41) 





NH: 
CPOE pn 





OH 
Amidophosphoric acid 
HN[PO(OH):]2 
Imidodiphosphoric 
t 
PO(OH): 
HN 
." 
POOH 
HN 


*. 
PO(OH). 
Diimidotriphosphoric acid 





Trimidotetraphosphoric acid 


OH 
De acid 


[PN(OH)s]e 
Phosphonitrilic acids y 
OP 
(where x = 2, 3, 4, 5 NS 


acid (metaphosphimic acids) 


6, 7 and z) 


NH: 
if 
OP—NHz 


OP(NH2)s 





vee aiies triamide 
NH 


NH, 
Phosphoryl amide 
— 
OPN 
Phosphoryl 
nitride 





PO(OH): 
a 
0 
y 
PO(OH): 


PO(OH)2 


Amidopyrophosphoric acid; 
also diamido- and triamido- 


Pyrophosphoric derivatives 
acid * 
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compounds, ranging in molecular weight from (PNCle)s 
to (PNCI,),. The simplest members, a trimer and a 
tetramer (in which the tetrahedral configuration of 
phosphorus is retained), have been shown to be six- 
and eight-membered rings containing alternate phos- 
phorus and nitrogen atoms. The higher polymers 
where z = 5 to 11 are presumably represented by 
linear structures. All of these can be converted by 
heating to approximately 300° C. into an elastomer, 
possessing all the properties of rubber. This product 
is the “inorganic rubber” which has been studied in- 
tensively by many investigators. Unfortunately, no 
way has yet been found to stabilize this product or to 
decrease its chemical reactivity, since the chlorine 
atoms are active and will undergo solvolysis. Typical 
chemical reactions of this analog of POCI; are given in 
Table 7 





TABLE 7 
Solvolytic Reactions of Trimeric Phosphonitrilic Chloride 





[PN(OH).]3, trimeric phosphonitrilic acid 


(PNCl)3;—| NH; . trimetaphosphimic acid) 


——(PH);Cl,(NH2)2, tri(phosponitrile) diamido- 
tetrachloride 
———>[PN(NH2)2]3, trimeric phosphonitrilamide 
HY 
L___+(PN Ye)3, where Y = N2H;, OR, NHR, NRz, 
ete. 
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‘To maintain American leadership in scientific research and discovery is the present 
concern of those responsible for the national defense,” says the U. S. Office of Education. 
One feature now in effect is provision by the federal government for scholarships and 
graduate fellowships for young people of scientific talent. 

But improved high-school instruction in the natural sciences and mathematics is 
necessary if the high schools are to provide the reservoir of talented science students 
for advanced training in colleges and universities. 

Machinery for achieving these objectives of science education already exists in some 
high schools. Many schools are not sufficiehtly well equipped to reach a high degree of 


effectiveness in their teaching of natural science. 


Especially difficult at the present 


time is the securing of talented teacher personnel and supervisory staffs necessary 


to achieve improved results. 


‘By the expenditure of relatively small amounts of federal 


funds much might be done to stimulate the improvement of science and mathematics 
instruction in the high schools of the Nation,” says Dr. Studebaker. 





OSMOTIC AND ACTIVITY COEFFICIENTS: THE 
RATIONAL TYPE VERSUS THE PRACTICAL 
TYPE* 


INTRODUCTION 


The almost exclusive use, in the literature on the 
physical chemistry of solutions, of the practical osmotic 
coefficients (designated in this paper by ¢) and of the 
practical activity coefficients of solutes (designated by 
y) in place of the rational osmotic coefficients (desig- 
nated by g) and of the rational activity coefficients 
(designated by f) seems to indicate a general belief 
that mathematical complications prohibit the use of 
the latter. This, however, is not the case. The only 
step which may, at first inspection, foster such a belief 
is the integration of the Gibbs-Duhem equation con- 
necting the g’s and f’s which does indeed appear some- 
what more difficult.than the corresponding integration 
with+the y’s and y’s. The purpose of the present paper 
is to present the detailed integration of this equation 
for the rational coefficients in the case of strong elec- 
trolytes. No textbook of thermodynamics or physical 
chemistry, to our knowledge, offers this treatment in a 
complete manner (3, 6). Yet such a treatment has 
pedagogical significance since, as should be well known, 
the practical coefficients y and y are not exact measures 
of the departures from ideality (6, 7, 8). 


DEFINITION OF RATIONAL AND PRACTICAL OSMOTIC 
COEFFICIENTS AND ACTIVITY COEFFICIENTS 


Let us consider the case of a solution containing one 
electrolyte dissociating into v, positive ions of valence 
z, and v— negative ions of valence z_, with » + v- = 
v. The molality of the electrolyte is m, the molecular 
weight of the solvent is M,. The mole fractions are Ni 
for the solvent and N.« for the electrolyte. They are 
connected with m and M, as follows (8, 13): 


_ 1000/M, 

~ 1000/Mi + vm 
ae Vm 

i 1000/M;, ok vm 


N. (1) 


Nx 


Introducing the notation 


z= oh om (3) 
formulas (1) and (2) become 


* This paper was presented at the second Pacific Northwest 
Regional Meeting of the American Chemical Society at Pullman, 
Washington, May 3, 1947. 
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= zx 
Nee re (5) 
The chemical potential or partial molar free energy of 


the solvent is given by the expression (2, 4, 5, 8): 

Ma = mi? + gRT In Mi (6) 
in which 4° depends only on pressure and temperature, 
R designates the molar gas constant, 7’ the absolute 
temperature, and In is the symbol for natural logarithms. 
Formula (6) can be regarded as the definition of the 
rational osmotic coefficient g. In terms of the practical 
osmotic coefficient ¢ we have (4, 8): 


1000 


ym," (7) 


Mm = m° — oRT 


In terms of x we have 
wi = 1° — gRT In (1 + 2) (8) 


and 
m = m° — eRTz (9) 


We thus have, between g and ¢, the relation 
gin (1+ 2) = ga 


and it is only when z is very small that g and ¢ ap- 
proach each other on account of the well-known approxi- 
mation 


(10) 


In (1 +2) 22 (11) 


They are identical and both equal to unity at infinite 
dilution. For the electrolyte (component 2 of the two- 
component system, solvent-neutral electrolyte) we 
have (4, 5, 8, 13). 

m= hb, = viva + RT In (Naf .)] 


in terms of the rational activity coefficient f.., or 


(12) 


ja = By = wie * + RT ln (my «)] (18) 


in terms of the practical coefficient y,. One can easily . 
show that 


fa = V¥a(1 + 2) (14) 


and that 


Bae te RT In 100 


vM, (15) 
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Formula (14) shows that fs and y. are identical only 
at infinite dilution, when they are both equal to unity. 
If we write (13) in the form 


Me = yh, = rie” + RT \n (ry «)] (16) 


the ».°’s of (12) and (16) are equai to each other. 
Summarizing and decomposing the chemical po- 
tentials 4; and ye into an ideal portion and a non-ideal 
one we have 
wm =m? —~RTINn(1+2)+0-—g)RTIN(1 +2) (17) 


ideal non-ideal 


° — RTx + (1 — o)RTx (18) 
‘ideal’ ‘non-ideal’’ 


de = My = |» 


wo = ey = lhe 


Mi = Mi 
2° + RT WE +RT Inf. | (19) 
ideal non-ideal 


°+ RT Inz+ RT In vy.) (20) 
‘deal’? ‘‘non-ideal’’ 


The quotation marks recall that the separation into 
ideal and non-ideal terms in the case of the practical 
coefficients is not exact. 


THE GIBBS-DUHEM EQUATION 
The Gibbs-Duhem equation, for conditions of con- 
stant pressure and temperature, i (4, 5, 8, 12): 


a + mdpz = (21) 


dy + vmdu. = 0 (22) 


du: + radu, = 0 (28) 
It should be identically satisfied for an ideal solution. 
Referring to (17) and (19) we find 


—din (1 +2) + 2dIn—— = —2;% =0 


1l+z2 
(24) 





It is interesting to note that, in spite of the inexact 
nature of the separation into ideal and non-ideal terms 
in (18) and (20), the Gibbs-Duhem formula for the 
“ideal” portions of the chemical potentials is neverthe- 
less satisfied: 

‘—dz + adinz =0 (25) 


The Gibbs-Duhem equation requires that, for the non- 
ideal portions of the chemical potentials, we must have 
d{((i —g) In (1+2)] +a2dInf, =0 (26) 
for the rational coefficients and 
d\(1 — g)z] + 2dInys2 = 0 (27) 
for the practical ones. 
Formula (26) can be rewritten 


jet = = ate) aa ag dz (28) 


=x bhoeg 
a(1 + 2) 
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while (27) can be rewritten 


diny, = —d( ~~) —+—£de (29) 
The obviously simpler appearance of (29) in contrast 
with (28) is one of the reasons for the general use of the 
practical coefficients. 


INTEGRATION OF THE GIBBS-DUHEM EQUATION 


When m moles of solute are gradually added to 1000 
grams of pure solvent the osmotic coefficients gradually 
change from 1 to g or ¢ and the activity coefficients 
gradually change from 1 to f. or ys in accordance 
with the integrated form of the Gibbs-Duhem equation. 
For the rational coefficients we have from (28), 


Inf, = - (2 o® d(1 — g) -{z zl ita @ (30) 


For the practical coefficients we have from (29), 


ny. = - f" ee ee fvztu (31) 


which simplifies immediately to 
ny. = -(—@) - f">2a (32) 


Completion of the integration requires the experi- 
mental or theoretical knowledge of the dependence of 
g on 2. 

Integration of (30) is only slightly more laborious 
than that of (31) and has never been presented before. 
The first integral on the right-hand side of (30) can be 
integrated by parts as follows: 

Let 


= BOT? and do = dg 


dz _in(i+ 2) ae 
zi+2) x33 


veg 





du = 


The integral becomes 
zin(l+z), _In(1+2) 
f grin ine ate x 





0 


x gdz 
S x(1 + 2) * 


_ In(l +2) 
s L 


' gntte dx (36) 


We have 


In(l1+2)_ /* 
x I |, 


— lim 
g z=0 


In (1 + 2) (37) 
x 


The limit on the right-hand side is 1 in accordance with 
(11). The first integral on the right-hand side of (36) 
cancels with a portion of the second integral on the 
right-hand side of (30), a particularly interesting fea- 
ture of this treatment. We thus have from (380), (36) 
and (37) 


np, = Ot, 14 fromdte) a, _ 


a 





The 


inte 


Cor 


In 
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The last integral on the right-hand side of (38) can be 
integrated by parts as follows: 


_ dt 


“T+ si 


dx 
du = a} 


= In (1 + 2) (40) 





x z=0 z 


£ In (1 Bs x) ‘in 
0 x 


i; ge 
0 x 


«dx — mQ+2) _ jy mts) , 
le. + z) ’ 
(41) 


Combining with (38) 


Inf. = — 20F2 4 — 9) 





(42) 


The integration of the Gibbs-Duhem equation for ra- 
tional coefficients has now been carried out to the same 
point as equation (32) for the case of the practical co- 
efficients. Completion of the integration requires ex- 
perimental or theoretical information on the dependence 
of g on 2. 


APPLICATION OF THE RANDALL-WHITE METHOD 


Formula (32) and its analog (42) require a graphical 

These integrals, how- 

In (1 + 2) 
x 


or an analytical integration. 
ever, do not converge if 1 — g and (1 — g) 
are plotted against x. The remarkable Randall-White 


method consists of using the square root of x as the in- 
dependent variable and the identity (4, 8, 9, 10) 


dinz = 2d In 2'/2 
zt 


(43) 


1/9 
dx 2 dx (44) 


x al/s 


The ratios (1 — ¢)/x and (1 — g) In (1 + 2)/z tend to 
infinity at infinite dilution, while the ratios (1 — ¢)/- 
z/* and (1 — g) In (1 + 2)/x” have definite limits 
provided by the Debye-Hiickel theory (1). 
Let 
ave = y (45) 
Formula (32) becomes: 


1—-— 


Inys = —(1—¢) -—2 ¥ 7 dy (46) 


and formula (42) becomes: 


nfs = — (1-9) mie _ 3) 9 ‘ = ae +y") dy 





(47) 


In the graphical determination of y« from ¢ one uses 
plots of (1— ¢)/y against-y. In the graphical deter- 
mination of f. from g one would use plots of (1 — g) 
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In (1 + y*)/y*® against y. In the very dilute range, 
where graphic extrapolation is necessary, the Debye- 
Hiickel limiting law for ¢ or g provides the safest, and 
now universally accepted, guide. 


APPLICATION OF THE DEBYE-HUCKEL LIMITING 
LAW FOR THE OSMOTIC COEFFICIENT 


In very dilute solutions of strong electrolytes in water 
at 25 degrees we have (14): 


0.3908 (2,.2_)*/s 


V(v X 18.016)/1000 oe 


l1-gSl-¢g= 








The graphical methods for the two cases of rational and 
practical coefficients are identical in the very dilute 
range. At higher concentrations the difference be- 
tween (46) and (47) has to be taken into account. We 
have carried out the complete determination of the ra- 
tional activity coefficients f. from the isopiestic data 
of Robinson and Sinclair (11) for potassium chloride 
by the method expounded in the present paper. We 
have satisfied ourselves that this method is no more 
dificult nor more time-consuming than the more 
familiar one involving the practical coefficients. Work- 
ers in the field may go on preferring the direct deter- 
mination of ¢’s and y’s, since it is always possible to 
transform therh into g’s and f’s afterwards. On the 
other hand, since the rational coefficients are the only 
true measures of the departures from ideality, it is 
important to know that a complete calculation of 
these coefficients from experimental data is possible 
without any reference to the practical coefficients. 
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OCCUPATIONAL 
CHEMISTRY 


e 


OccupationaL GUIDANCE in high-school chemistry 
should begin the first class period. On the first day 
many students ask, ‘“‘Why am I taking chemistry and 
how can I use it?” Often such questions are ignored, 
but here opportunities arise daily for the classroom 
teacher to give occupational information. 

If occupational information is of any value it is given 
by the chemistry teacher who is alert, enthusiastic, and 
willing to accept this responsibility wholeheartedly. 
No matter how much occupational information is avail- 
able, it is worthless unless administered at the oppor- 
tune time. 

If our teaching is to prepare the child for his place in 
society, we must administer occupational information 
which will enable him to find his place. Throughout 
the guidance program the ability level,of the pupil is 
kept in mind, such as professional, subprofessional, 
skilled, semiskilled, or unskilled. 

In our program, we should not think in terms of 
college alone, since only about 37 per cent of the stu- 
dents enter college. It is our responsibility to guide 
the rest into channels of gainful employment. The 
high-school chemistry course need no longer be an ex- 
ploratory course, but one in which the skills of the child 
have been developed to the point where he may become 
employed immediately after graduation. High-school 
chemistry does not qualify a student for any pro- 
fessional career, however. 

Early in the course an explanation is given that the 
chemistry profession is divided into two general groups, 
the chemist and the chemical engineer. In training 
for chemistry as a profession a choice is made between 
these two main divisions. The student must realize 
that both professions require a sound training in the 
principles of chemistry and a mastery of the fundamen- 
tals of physics and mathematics. 

We further explain that the chemist is engaged in 
both control and research laboratory work. He deals 
with grams and milliliters, and his tools are the buret, 
the beaker, the balance, and the instruments of pre- 
cision, He thinks in terms of reactions, equilibria, and 
catalysis. His efforts are directed to discovering new 
materials or processes which show promise of having 
industrial application. The chemist’s knowledge re- 
sults in new basic reactions, improved analytical 
methods, and the widening of frontiers of chemistry. 

The chemical engineer’s interest lies in reactions, 
equilibria, and catalysis from the point of view of their 
industrial application. He is concerned with the appli- 
cation of chemistry and the branches of engineering 
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science to the design, construction, operation, control, 
and improvement of equipment for carrying out the 
chemical processes on an industrial scale. He handles 
tons and thousands of gallons. He deals with unit proc- 
esses or types of chemical reactions that characterize 
every chemical manufacturing operation. Reduction, 
halogenation, nitration, and sulfonation are examples 
of unit processes. The chemist studies them while the 
chemical engineer classifies all manufacturing opera- 
tions according to their predominating unit. He also 
designs and operates equipment for carrying out these 
processes on a large scale. 

During the first week a personal data card is filled 
out for each pupil. From time to time during the year, 
additional information is recorded on this cumulative 
record. On this card are placed identifying data, 
physical characterisics, mental health, use of leisure 
time, social-economic data, scholastic achievements, 
employment record, educational, and vocational plans. 
Once such information is available the teacher is ready 
to give specific occupational information. 

Since testing is a vital part of any occupational guid- 
ance, testing begins early in the course. Inventory 
tests such as those of Kuder, Cleton, or Gentry are 
given the first week of school to prepare the path for 
further guidance. With more emphasis on aptitude 
and diagnostic testing in chemistry, more accurate 
and reliable information is obtainable to use in the 
dissemination of occupational information. The class- 
room teacher, being better acquainted with the individ- 
ual, is capable of passing judgment or rating a student 
on those qualities for which no tests have yet been con- 
structed. 

As the chemistry course advances certain appli- 
cations of vocational guidance may be pointed out by 
the teacher. Many class recitations develop into infor- 
mation regarding some career in chemistry. Who 
knows when a casual remark by the teacher may in- 
spire some pupil to become a Charles Martin Hall? 

The various types of jobs from chemistry may be 
readily seen from a chart, such as that in Figure 1. This 
chart given to each pupil makes it a constant source of 
reference. ’ 

At the beginning of the second semester emphasis is 
placed on the qualifications, personal and academic, for 
training in chemistry. A check list of personal quali- 
fications, shown in Table 1, allows the student to check 
his qualifications at intervals with the teacher. 

Once a student is directed into an occupation, he 
may face financial problems in securing his education. 
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| 
Government Endowed Institutions 


(City, State, Federal) 


Mellon Inst. 
Armour Inst. 

Boyce Inst. 

Battelle Inst. (ete.) 
Medical foundations 


Dept. Agriculture 
Dept. Mines 
Bur. Standards 
Bur. Chemistry 
Bur. Education 
Patent Office 
Food and Drugs 
Fisheries 

Army, Navy 

Air Force 

F.B.I. 





| 
Teaching 
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University 
College 
Sec. school 





Subprofessional 


Lab. technician 
Lab. assistant 
Analyst 
Assayer 
Operator 
Inspector 


| 
Allied fields 


Agriculture 
Medicine 
Dentistry 
Veterinary 
Sanitation 
Public health 
Pharmacy 
Dietetics 
Nursing 
Engineering 
Physics 
Physiology 
Bacteriology 
Forestry 
Metallurgy 
Botany 
Cosmetics 
Statistics 


Figure 1 


In our occupational information, student loans, scholar- 
ships, and awards are explained throughout the year as 
they are presented to the school. Too often teachers 
fail to take this opportunity to assist worthy students. 
There are many valuable scholarship aids such as those 
of Bausch & Lomb, Westinghouse Science Talent 
Search, . George Westinghouse Engineering Scholar- 
ship, General Electric, individual colleges, industrial 
awards, and cooperative work plans given by some 
colleges. 

An integral part of any occupational information is 
the placement service rendered by the high-school 
chemistry teacher. Today the chemical industries are 
absorbing some high-school graduates as laboratory 
assistants and in production. Colleges and univer- 
sities have long maintained placement bureaus for their 
graduates and now the time has arrived when the high- 
school chemistry teacher must establish a similiar 
placement bureau. As never before are the chemical 
industries cooperating with the high-school teacher of 
chemistry by employing high-school graduates for non- 
professional work in the chemical industry. 

Students may work in local enterprises while in high 
school or during vacation periods. Such corporations 
as E. I. du Pont de Nemours, Monsanto, Westinghouse 
Electric, Pittsburgh Plate Glass, and Fourco Glass be- 


| 
Industry 
| 





Positions 


Engineer 
Research chemist 
Operator 
Control 
Development 
Executive 
Consultant 
Salesman 
Secretary 
Editor 
Librarian 
Abstractor 
Indexer 
Purchaser 
Patent Atty. 


| 
Fields 


Heavy chemicals 

Light chemicals 

Synthetics 

Alcohol 

Ceramics 

Coal 

Cosmetics 

Chemurgic 

Explosive 

Fertilizers 

Foods 

Glass 

Leather 

Lime 

Oils 

Paints 

Paper 

Petroleum 

Pharmaceutical 

Photographic 

Plastics 

Rubber 

Starch 

Sugar 

Textiles 

Water treatment 
(etc.) 





TABLE 1 
Check List of Desirable Qualifications for Chemistry 





Characteristics 


Rank, 


Semester 


First 


Rank, 
Second 
Semester 





Accuracy 


Patience 


Interest 
Self-reliance 
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Industrious 
Ambitious 
Responsible 
Use of data 
Good health 
Enthusiasm 
Initiative 


Logical reasoning 
Cheerfulness 


Loyalt 
Curiosity 


Render service 


Calmness 
Perspective 
Cooperative 


Good study habits 


Mental ability 


Keen observation 
Mental alertness 


Sound judgment 


Good imagination 
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gan the cooperative plan with high schools during the 
war and are still continuing it. The personnel directors 
of such companies realize that the real inspiration for a 
chemical career must originate in the high-school 
chemistry class. By such work experience the student 
actually acquires first-hand information about the 
chemical industry from expert directors. High-school 
credit is allowed for this type of supervised work ex- 
perience. Cooperative enterprises may be established 
with hospitals, employment agencies, doctors, and den- 
tists. Any type of employment is an incentive for 
more occupational information among students. 

Salaries and opportunities for advancement are a 
part of any occupational information program. 

At intervals, the student-teacher conference, the key 
function of occupational information, is held according 
to a well-planned procedure. At least one conference 
should be held with parents, student, and teacher all 
participating. The radio and movies are valuable 
sources of occupational information. Visits to chemi- 
cal plants give first hand information on jobs in opera- 
tion. The encouragement of hobbies or projects 


either in class or chemistry club may open the way for 
the distribution of occupational information. 

At the close of the year two or three weeks devoted 
to the recapitulation of the material presented through- 
out the year is desirable. 

On the reserve shelf in the library, the references 
listed below are valuable for the high-school chemistry 


course. 

In the dissemination of occupational information 
certain cardinal principles may be accomplished, such 
as: (1) to develop in the student a desire for occupa- 
tional information; (2) to present to the student a total 
picture of the years’ activities; (3) to assist the student 
to interpret the available occupational material; (4) 
to develop each student individually; (5) to acquaint 
the student with a follow-up procedure. 


OCCUPATIONAL INFORMATION MATERIAL FOR 
RESERVE SHELF 


Books 

“Careers Ahead,” JosepH CotrLeR AND Harotp Brecut, Little 
Brown & Co., 1933. 

“Chemist at Work,’’ Grapy, Cuirrum, AND Oruers, J. Chem. 
Educ., 1940. 

“Tndustrial Chemistry,”” VAN Peursem, Rochester Athenaeum, 
1944, 

“So You Want to Be a Chemist,’ H. S. Corra, McGraw-Hill 
Book Co., 1944. 

“Your Career in Chemistry,”’ N. Caruiste, E. P. Dutton & Co., 
1944. 

“Engineering Opportunities,’ R. W. Ciynr, D. Appleton- 
Century Co., 1939. 

“Plastics in the World Tomorrow,” Capt. Burr Leyson, E. P. 
Dutton & Co., 1946. 

“Careers in Steel Industry,” Capr. Burr Leyson, E. P. Dutton 
& Co., 1944. 

“Your Career in Engineering,’”’ Norman V. Carutsue, E. P. 
Dutton & Co., 1944. 

“Careers for Girls in Science & Engineering,’”’ EvELyn M: STEEL, 
E. P. Dutton & Co., 1944. 

“Aeronautical Occupations,” Capt. Burr Lryson, E. P. Dutton 


& Co., 1945. 
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“Your Career as a Food Specialist,”” Dorrs SMEDLEY, AND Any 
Ginn, Dutton & Co., 1944. 

“Careers in Science,’”’ Parure Potxockg, E. P. Dutton & Co., 1945, 

“Photographic Occupations,” Carr. Burr Leyson, E. P. Dutton 

- & Co., 1944. 

“Twenty Careers of Tomorrow,” DARRELL AND Frances Horr, 
McGraw-Hill Book Co., 1946. 

“Science Today & Tomorrow,” WaLp=MaR Kaemprrert, Viking 
Press, 1946. 

“Enjoyment of Science,” J. N. LEonarp, Doubleday Doran & 
Co., 1946. 

Journal Articles 

“Adapting the chemical engineer to the food industries,” L. Y, 
Burton, Trans. Am. Inst. Chem. Eng., 34, 315 (1938). 

“American chemical industry as an employer,” S. D. Kirr- 
patrick, Chem. & Met. Eng., 44, 530 (1937). 

“And so you want to be a chemist,” J. J. Jasper, J. Cuem, 
Epuc., 14, 517 (1937). 

“Annual income in the engineering profession from 1929 to 1934,” 
ANDREW FRasER, JR., Monthly Labor Review, 45, 412, 700 
(1937). 

“The chemist and chemical engineer in the explosive industry,” 
Davip E. Pearsatu, J. Cuem. Epuc., 16, 121 (1939). 

“The chemist and the chemical engineer in the gas industry,” 
J. W. Napier, Chemistry and Industry, 56, 11, 261 (1937). 

“The chemist in industry,” ibid., 56, 251, 252, 278, 280, 282, 307, 
309 (1937). 

“A chemist looks at culture,’ H. G. Demine, J. Cuem. Epuc., 14, 

12 (1937). 

“Chemistry and the future,’”?’ Harotp Urey, Science, 88, 133 
(1936). 

“From the cradle to the grave,” M. T. Bocrrt, Ind. Eng. Chem., 
16, 553 (1938). 

“Educational qualifications in the engineering profession,” 
ANDREW FRASER, JR., Monthly Labor Review, 42, 1528 (1936). 
“Employment in the engineering profession—1929 to 1934,” 

ANDREW FRasER, JR., J. CHEM. Epuc., 44, 859 (1937). 

“Industrial demands for non-laboratory chemists,’ <bid., 21, 
220, 272, 273, 276, 279, 281, 285, 287 (1944). 

“Looking ahead in professional development,” W. K. Lewis, 
Chem. & Met. Eng., 44, 680 (1938). 

‘Personal placement views on chemical education,” F. A. 
AnpeErson, J. Cue. Epuc., 15, 11 (1938). 

“The preparation of teachers of chemistry,”’ W. 8. Gray, zbid., 14, 
466 (1937). 

“Professional workers in war and peace,’’ ANDREW FRasER, JR., 
Chem. Eng. News, 22, 791, 1084, 1379 (1944). 

“Qualifications for teachers of chemistry,” J. H. Sons, J. Cuem. 
Epuc., 15, 18(1938). 

“The question of training,” E. A. Rupes, Chemistry and Industry, 
56, No. 38, 839 (1937). 

“Should salesman be chemically trained?” E. R. BripawatT=r, 
Chem. Industries, 44, 261 (1939). 

“The training of analysts,” B. L. CLarke, J. Comm. Epuc., 14, 
561 (1937). 

“The training of chemists for work in the fields of biochemistry 
and medicine,’ Chemistry and Industry, 55, No. 43, 826 (1936). 

“Training tomorrow’s industrial leaders,’ C. M. A. STrnE anpD 
Cuap.in Ty er, Am. Inst. Chem. Eng., 34, 643 (1938). 

“What becomes of chemical engineers?” S. D. Kirxpatrickx, 
Chem. & Met. Eng., 43, 645 (1936). 

“What' is the chemical industry?” Wiit1am Haynes, Chem. 
Industries, 44, 255 (1939). 

“What of the future for chemical engineering graduates?” 
AntTuony ANABLE, Chem. & Met. Eng., 42, 306 (1935). 

“What industry expects of its chemists,” J. Comm. Epuc., 14, 265 
(1937). 

“Why a chemist?” W. A. C, Cauprr, Chemistry and Industry, 58, 
3 (1939). 

“Why the chemist in the paint industry?” R. J. GNAEDINGER, 
Oil, Paint, and Drug Reporter, 135, 5 (1939). 

“The young chemists in the government service,’ Louis 
MarsHALL, J. Cem. Epuc., 14, 476 (1937). 
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Free Industrial Pamphlets 


Monsanto Chemical Company. 

E. I. du Pont de Nemours & Co., Inc. 
Westinghouse Electric & Mfg. Company. 
General Electric Company. 

Dow Chemical Company. 

Bell Telephone Company. 

Celanese Corporation. 


B. F. Goodrich Rubber Company. 

Standard Oil Company. 

Aluminum Corporation. . 

Corning Glass Company. 

Owens-Fiberglas Company. 

Libby-Owens-Ford Glass Company. 

National Farm Chemurgic Council Bulletin. 

The Chemist & Chemical Engineer in Industry. 

Vocational Guidance in Chemistry and Chemical Engineering. 


A ROYAL PRACTICAL JOKE 


C.F. Schénbein (1799-1868), now best remembered 
as the discoverer of ozone and guncotton,! made an 
extended visit to England in 1839. He set down his 
observations and impressions in M7ittheilungen aus dem 
Reisetagebuche eines deutschen Naturforschers, which was 
published anonymously in 1842. The following para- 
graphs, translated from this entertaining and informa- 
tive book, carry a lesson that can be taken to heart by 
many students and teachers. 

“One of the oldest and most distinguished learned 
bodies of Europe is the Royal Society of London. It 
has been in existence for more than two centuries, and 
during this long period has always enjoyed the highest 
respect both at home and abroad. The foundations of 
this society were laid early in the 17th century at Wad- 
ham College, Oxford, where a company of distinguished 
men, such as Christopher Wren, Robert Boyle, etc., met 
regularly to discuss scientific matters. In 1658, most of 
the members of this private association left Oxford to 
take up residence in London. Their meetings were 
resumed here and continued regularly until the disturb- 
ances attendant on Cromwell’s death interrupted the 
peaceful occupations of the society. After Charles II 
ascended the throne (1660), the efforts of Theodor 
Haak, a German, brought the former members together 
again. They pledged themselves to contribute a cer- 
tain yearly sum to defray the necessary expenditures 
for scientific experiments. 

The restored monarch, anxious to win the favor of all 
various parties and classes, declared himself ready to 
take this scientific society under his special care. The 


royal offer was not unwelcome to the members and 


they accepted it. Hence, as early as 1662 a charter 
was issued granting to the group the right to use the 
name: “Royal Society of London for Improving 
Natural Knowledge.” 

From then on the society received active cooperation 
from all quarters, even the courtiers strove to demon- 
strate their interest in this learned association. Charles 
II was an enthusiast concerning mechanical operations, 


1 OrspmEr, R. E., Tuts JouRNAL, 6, 432, 677 (1929). 
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and was especially fond of witnessing physical experi- 
ments. Accordingly, he was a frequent attendant at 
the weekly meetings of the Royal Society. Sometimes, 
on such occasions, he, with covered head, took his place 
beside the president. Asa rule, however, he sat among 
the members, conversing with them in the most inti- 
mate manner, and at times taking an active part in the 
discussions. He, however, noted that many of the 
members placed too much weight on the opinions which 
he expressed, and he determined to lay bare and chide 
in a good natured way the flatteries and servile bearing 
of these individuals. 

One evening when the king came into the meeting, he 
seemingly was deeply immersed in thought. He sat 
with his hand covering the lower part of his face. Sud- 
denly he cried out: “My Lords and Gentlemen. Why 
is it that if I place the same amount of water into each 
of two pails, and then put a four pound fish into one of 
them, this pail will not weigh more than the other?” 
A long silence followed this royal query. Finally, one 
member stated that the swimming power of the fish 
removes its weight. Another opined: “The vital 
momentum and the vis inertiae of the animal prevent 
any pressure on the sides of the container.” A third 
suggested that a characteristic atmosphere enveloped 
the fish, kept it suspended, and nullified its weight. 
Other equally sound explanations were offered, and 
listened to with the greatest sobriety by the king. 

Finally, one of the older members arose, ‘I trust 
Your Majesty will pardon me, but I am making so bold 
as to doubt the correctness of the fact stated by you.” 
At this the king exclaimed: ‘‘By heaven, and so do I. 
My only intention was to discover to what lengths 
some of these gentlemen will go to agree with me, and I 
have played this practical joke on them in the hope that 
hereafter they will be more careful. I trust that they, 
in the future, will not let themselves be led by their 
imaginations, but that they will base their theories 
solely on assured and well proven facts. They certainly 
will be all the more apt to do so, if they keep in mind 
that our Society has accepted this policy as its prime 
rule and guide.” ' 





A SUMMARY OF 
CELLULOSE AND 


Ir 1s rrrrine that we should consider recent devel- 
opments in the chemistry of cellulose and its deriva- 
tives at this time since it marks the 100th anniversary of 
the discovery of a reproducible compound of cellulose. 
While it was known some years earlier that strong ni- 
tric acid produced a flammable substance from polysac- 
charides, it was in 1847 (1) that it was recognized that 
three nitrate groups had replaced hydroxyls on the glu- 
cose residue. This discovery has been challenged at 
several times during the intervening years but when the 
final accepted molecular configuration of cellulose was 
established, this hypothesis was substantiated. 

The utilization of cellulose in its various forms is 
many centuries old, and the efforts of scientifically in- 
clined investigators to solve its chemical and physical 
behavior is at least 100 years old. With this back- 
ground, it is rather difficult to define the term “‘recent.”’ 
Purves (2) chooses to date the era of modern cellulose 
chemistry from 1919, at which time the labors of many 
investigators had established the composition and 
structure of the simple sugars. Even with this back- 
ground and the knowledge that pure cellulose could be 
hydrolyzed to almost pure glucose, it was not until ap- 
proximately ten years later that the organic structure 
of cellulose was finally established. This structure is 
exemplified in Figure 1 which represents the labor of 80 
years, most of which was contributed by organic chem- 
ists. 
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Figure 1. Theoretical Configuration of Portion of Cellulose Molecule 


The behavior of cellulose in its chemical reactions is 
quite simple and explained by the ordinary equations 
used for the reactions of primary and secondary alcohols. 
The alcohol groups may be esterified, etherified, or 
oxidized by standard techniques. However, the rates 
of reaction are frequently extremely slow, which is usu- 
ally attributed to the physical form. The era from 
1930 to date on the fundamental studies of cellulose 
chemistry might be called the era of physicists and 
physical chemists, who have devoted a great deal of 
attention to the physical structure of cellulose fibers. 

By the time the chemical formula had been well 
established, physical measurements had demonstrated 
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RECENT DEVELOPMENTS IN 
CELLULOSE DERIVATIVES 


JOHN S. TINSLEY 
Hercules Powder Company, Wilmington, Delaware 


that cellulose is polymolecular in nature and that any 
expression of molecular weight or degree of polymeri- 
zation represents the average of a wide range of chain 
lengths. The defining and measurement of average 
molecular weights have been arrived at by measure- 
ments of viscosity pioneered by Staudinger (3), by per- 
fection of osmotic pressure methods in which Schulz 
(4) was a leader, and by the development of the ultra- 
centrifuge technique by Svedberg (5). While these 
various methods arrive at a different average molecular 
weight due to the nature of the determination, they are 
each useful in correlating the physical properties of cel- 
lulose and cellulose derivatives. The most frequently 
used of the various methods is the viscosity measure- 
ment in very dilute solution. 

We shall not go into the detail of the techniques in- 
volved in those measurements, but it has been estab- 
lished that the average degree of polymerization of cel- 
lulose as it occurs in nature is in the range of 3000 to 
3500 anhydroglucose units. The average degree of 
polymerization of the cellulose derivatives encountered 
in plastics is between 200 to 600, and of derivatives for 
lacquers and protective coatings may drop as low as 80. 

In an effort to explain the macrostructure of the cel- 
lulose fiber, the microscope has been used extensively in 
connection with various physical and chemical methods 
of disintegration. Figure 2 shows a cotton linters fiber 


4 
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Figure 2. Beaten Cotton Linters, Magnification 40X 


partially disintegrated by the familiar process of beating 
as used in paper making. The fibrils in evidence give a 
partial picture of the fiber structure. The electron 
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Figure 3. Electron Micrograph of Beaten Cotton Linters, Magnifica- 
tion 22,000X 


microscope has been used in more recent years produc- 
ing a picture, as shown in Figure 3, similar to the light 
microscope. Figure 4 demonstrates a still later tech- 
nique using fibers similarly disintegrated, then evapo- 
rating a film of chromium metal onto the fibrils in order 
to produce a greater contrast. It is readily seen that 
the fibril coated with the chromium metal is impervious 
to the electron beam, and much better definition of the 
individual filaments is obtained. 

While this work on the macrostructure of the cellu- 
lose fiber is interesting and important to the paper in- 
dustry, it has made little contribution to the question 
of chemical reaction rates. It was noted early that 
cellulose fibers exhibited the properties of producing an 
x-ray diagram similar to that obtained by examination of 
crystalline substances. This diagram was much less 
distinct than that obtained from truly crystalline ma- 
terials and various hypotheses have been proposed to 
explain the occurrence of points of orientation or 
“local order” in fibers and to estimate the per cent of 
the total fiber involved in the orientation. Figure 5A 
represents an early concept of the micellar arrangement 


. Electron Micrograph of Beaten Cotton Linters, Chromium 
Shadowed, Magnification 22,000X. 


. amorphous areas. 
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of cellulose molecules arranged in order, so that they 
would produce areas of apparent crystallinity. This 
hypothesis has been displaced because, among other 
things, it does not explain the high tensile strength of 
fibers since there would be obvious weak spots at the 
spaces between the crystal structure. Figure 5B is a 
schematic diagram which more nearly fits the currently 
accepted theory of the structure of a micelle. In this 
figure it will be seen that there are local areas, indicated 
by dotted lines, in which a high degree of order is per- 
mitted by the occurrence of a numberof chains in parallel. 
However, since the chains are not all of equal length, 
they may readily extend from an area of high degree of 
order to a high degree of disorder, thus giving rise to the 
presence of so-called amorphous areas. These amor- 
phous areas are presumed to be much more readily pene- 
trated by chemical reagents and therefore are much 
more reactive than the ordered or oriented areas. 
Many methods have been proposed for estimating the 
per cent of available surface and the extent of the 

















A. Early Micellar Theory. 


a, b, inner structure of micelle; c, d, spaces between 
crystals 
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B. Currently Accepted Theory 


Figures 5A and 5B. Schematic Representation of Theories of Fiber 
Structure 


The first group of methods included 
the sorption of vapors or solutes onto the surface of 
cellulose from dilute solution. Another method de- 
signed to measure the same factors involves the reac- 
tions of dry cellulose with thallous ethylate, then esti- 
mating the reaction product (6). 

At present there is considerable interest in methods of 
dissolving out the so-called amorphous areas with hot 
hydrochloric acid, assuming that the ordered or crys- 
talline areas will remain substantially unattacked. 
One such method (7) depends on the subsequent oxida- 
tion of the hydrolyzed cellulose by ferric chloride to 


‘ glucuronic acid, which is rapidly converted to carbon 
‘dioxide in the strong acid solutions. 


More recently, 
techniques have been evolved for estimating the amount 
of unreacted cellulose by isolation and weighing (8). 
While varying degrees of precision can be obtained by 
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these techniques, the shortcoming of the methods ap- 
pears to be the assumption that the areas classified as 
crystalline will not be changed if the amorphous areas 
are attacked. This is probably not the case, and var- 
ious investigators are active in this field at present. 

As seen in the above discussion, it is difficult to define 
the term “recent” in dealing with developments in cel- 
lulose chemistry. It is equally difficult to establish a 
basis for discussion of cellulose derivatives. Since this 
symposium is primarily devoted to plastics, we shall 
direct our discussion along that line. 
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SPREADER | 
MOLD 


Figure 6. Schematic Diagram of Injection Molding-Machine 


PLUNGER 


The first well-defined derivative of cellulose also be- 
came the forerunner of the thermoplastic industry when 
Hyatt (9) developed the celluloid billiard ball. The 
cellulose nitrate plastic field reached a peak in 1922-24 
of approximately 28 million pounds per year and it still 
remains one of the best plastics from the standpoint of 
physical properties in spite of its fabrication limitations. 

The patent and technical literature were filled with 
accounts of the preparation and properties of other cel- 
lulose derivatives even long before the chemical struc- 
ture of cellulose was established. Only one of these 
derivatives, cellulose acetate, had developed to indus- 
trial importance by 1930. It was about this time that 
a new principle in plastic fabrication was introduced 
using the nonflammable cellulose acetate. This was 
the introduction of the injection-molding machine and 
can well be considered the beginning of the modern 
thermoplastic industry. Figure 6 is a simple diagram 
outlining the principle involved by which a molten 
plastic material is injected into a cold mold, the plastic 
hardens and assumes the shape of the mold cavity, thus 
reducing the production cycle of molded articles to a 
matter of seconds. This development stimulated 
investigators to prepare derivatives of cellulose 
suitable for plastics instead of the conventional film 
and textile outlets. 
structure, as shown in Figure 1, that almost an infinite 
number of esters, ethers, and mixed combinations could 
be prepared from cellulose. The extreme versatility 
of this starting base, coupled with the inherent 
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Figure 7. Tensile Strength and Elongation of Cellulose Triester Film 
[Hagedorn & Moller, Cellulosechemie 12, 31 (1931)] 


toughness which it imparts to its derivatives, justifies 
the wide fundamental and industrial research devoted 
to it. 

In 1931, Hagedorn and Moller (10) published a de- 
scription of the properties of cellulose esters extending 
from the acetate through the stearate. As shown in 
Figure 7, the tensile strength drops off markedly as one 
follows the homologous series beyond the butyrate, 
while the elongation increases markedly in the same 
proportion. While this chart is very informative and 
indicates that for most industrial purposes the simple 
triesters of the higher fatty acids are of little interest 
because of their physical properties, it should be noted 
that the triesters, generally, are not thermoplastic and 
cannot be used in injection-molding compositions. 
Also, for any given derivative of cellulose, it is possible 
to show a marked variation in properties as one pro- 
ceeds upward from the initial plastic range of substitu- 
tion equivalent to about 2.2 groups per glucose unit. 
Figure 8 illustrates this change in various properties for 
ethyl cellulose over the range 42 to 51 per cent ethoxyl. 
Of especial interest is the fact that with this derivative 
the hardness of a film continues to decrease with in- 

(Continued on page 117) 
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Figure 8. Variation of Properties of Ethyl Cellulose with Changing 
Degree of Substitution 
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ORIGINAL RECORDS OF EXPERIMENTAL 


WORK* 


T ue RESEARCH projects carried on in the laboratories of 
the Standard Oil Company vary in magnitude from 
bench projects employing one man to pilot plant projects 
which require not only several technically trained men, 
but three shifts of operators as well. This great 
difference in the scale of research carried on makes it 
necessary to provide a system which not only fulfills the 
ordinary requirements, but which is extremely flexible 
as well. The purpose of this paper is to show one 
method by which this necessary flexibility may be 
obtained. 

In order to illustrate the necessity for flexibility, it is 
perhaps well to look at the two extremes. Figure 1 
illustrates the simplest case, that is, an individual con- 
ducting all his own research, recording and correlating 
his own data. Figure 2 illustrates a rather compli- 
cated pilot plant project in catalytic cracking which re- 
quires six or eight technically trained personnel in ad- 
dition to a number of operators and analysts. It can 
readily be seen that the recording of data and obser- 
vations on such a large scale, twenty-four hours a day, 
requires a rather involved system for recording original 
data. 





TABLE I 
Devices Used for Original Records of Experimental Work 


Size, 
Inches 





No. of Pages Uses 


152 


Type 


Registered bound 9 X 12 
notebook 
(numbered 

pages) 

Pocket notebook 4 X 7 

Loose-leaf or Variable 
printed data or 
operation 
sheets 

Original and 
duplicates— 
weekly prog- 
ress report 
book 

Diaries 





General 


General 

Pilot plant 
full-scale 
tests 


150 


81/2 X 11 General 


51/2 X 73/4 One page foreach General 
day plus 18 
pages of useful 


information 





In order to provide a system with sufficient flexibility 
to take care of these two extremes, it has been found ad- 
visable to make use of four or five simple devices which 
can be used singly or in multiple units. These devices 





* Presented before the Division of Chemical Education at the 
112th meeting of the American Chemical Society, September, 
1947, New York City. 
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are listed in Table I. The basic device used for 
recording data and observations is a formal, large, 
bound notebook 9 by 12 in. having 152 pages. These 
large notebooks are issued by the librarian and carry 
a problem number. Information and data pertinent to 
a single problem are recorded in this book. The second 
device is used in a small pocket notebook which can be 
conveniently carried by the chemist or operator. The 
information recorded in this small pocket notebook, 
which is 4 by 7 in. and has 150 pages, is usually 
transcribed into a large notebook at the end of 
the day or at convenient intervals. In the case 
of pilot plant experiments or the type of research 
which involves a systemic study of a large number 
of variables, use is frequently made of specially 
prepared run sheets or data sheets. These can be 
bound into folders or can be pasted in or attached to the 


Figure 1 


appropriate page in the large, bound notebook. Bound 
diaries are provided to each of the technically trained 
men so that they can record ideas and information which 
are not directly related to the problem to which they 
are assigned. Likewise, ideas which are in the early 





98 


stage of development and which would be out of place in 
a formal notebook may be recorded in these diaries un- 
der the appropriate day. In addition to this function, 
the diaries may be used in the conventional way to as- 
sist the owner in keeping a record of his daily activities 
such as conferences, meetings, interviews, etc. Dupli- 
cate copy, weekly progress reports in duplicate, are 
sometimes but not always used for recording original 
data. The weekly progress report is prepared by each 
technical man in triplicate, and provides not only a run- 
ning record of his activities, but also provides for the 
rapid dissemination of his experimental result to his 
supervisor and the Patent Department. One copy is 
retained by the worker, while the other two copies are 
circulated and filed. Before filing, they carry the ini- 
tials of both the patent adviser and supervisor, and are 
consequently excellent evidence not only of the nature 
and date of the work but of the fact that the in- 
formation was disclosed to others. These several de- 
vices are illustrated in Figure 3. The manner in which 
these unit devices are combined to provide flexibility 
for the larger research projects is shown in Table II. 
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Figure 2 


Simple bench-scale research, as was pointed out be- 
fore, requires the use of only one notebook per problem. 
In addition, a pocket notebook, weekly progress report 
book, and diary are provided and used. Pilot plant re- 
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search generally requires the use of several bound note- 
books as well as*specially prepared data sheets. The 
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Figure 3 


particular uses of the number of notebooks on a pilot 
plant project are as follows: * 


1. An equipment notebook which is usually a large, 
bound notebook issued by the librarian. 
An analytical procedure notebook may be the 
same form as No. 1 or specially prepared. 
An operational order book in which are written 
detailed instructions to the unit operators. 
A data run book in which are pasted the 
run sheets, analytical result sheets, etc. 





TABLE II 


Adaptation of Notebook Forms to Various Scales of Ex- 
perimentation 





Pocket Printed 
Notebook Data Sheets 


One for each Occasionally 
research used 
man and 
technician 
(1) Equipment One for each Used frequently 
(2) Analytical operator —later, at- 
proce- tached to page 
dures of formal note- 
(3) Operational book or bound 
order into folders 
book 
(4) Data or 
run book 
(5) Progress 
and 


Formal 
Notebook 





One per prob- 
em 


Bench scale 


Pilot Plant 
Seale or 
Technical 
Service 


program 
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5. The principal formal notebook which is the prog- 
ress and program record. 


In addition to these five notebooks, several pocket 
notebooks, specially prepared data sheets, weekly prog- 
ress report books, and diaries are used. 

This system has been used in research laboratories of 
the Standard Oil Company (Indiana) for many years. 
It is not clear at this time whether this system was 
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planned or whether it gradually grew to its present form 
as a result of experience and necessity. Undoubtedly, 
the various units which provide the basis for this system 
could be improved in some respects. However, it is 
felt that it would be difficult to obtain the desired flexi- 
bility in a system for recording original data in which 
the scale of research varies widely without making use 
of this principle of combining simple units for the com- 
plicated situation. 


ABBOTT LABORATORIES NOTEBOOKS' 


Ir 1s recognized that research and development work 
is not only expensive—it is in many cases extremely 
competitive. Therefore, it is essential that the notes 
of this work be properly recorded. The notebook sys- 
tem in use at Abbott Laboratories was planned to afford 
adequate patent protection without being too incon- 
venient or bothersome a system. This goal has been at 
least approached by the photostating of bound and 
witnessed notes. In addition, this method provides 
any number of accurate copies at a reasonable cost. 

The system can best be described by giving a few 
pertinent details: 

1. Bound Laboratory Notebooks. In our practice, 
bound notebooks with approximately 300 numbered 
pages are used. It is admitted that the laboratory 
worker does not find the bound laboratory notebook as 
convenient to use as the loose-leaf system. It neces- 
sitates more planning in the writing and some guessing 
at the amount of space needed to complete the experi- 
ment. For some research divisions where many experi- 
ments of varying length are taken up, this is a problem; 
on the other hand, in research involving the synthesis of 
new compounds, the arrangement is easier to handle. 
In spite of these objections, the bound book eliminates 
most legal questions on the authenticity of the notes 
and the date of the record. If notes are contained in a 
bound book with numbered pages, then the court can see 
that pages were not inserted later and that nothing has 
been removed. For the value of this protection the 
bound notebook seems worth the extra effort involved 
in keeping the notes. 

The books are numbered on the outside cover and 
this same number appears on each inside page. This 
number on the cover fixes the location of each book and 
the number on the page is of legal significance, as 

‘ Presented before the Division of Chemical Education at the 


112th meeting of the American Chemical Society, September, 
1947, New York City. 
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pointed out above. Also the numbered page is useful 
for reference and indexing purposes. In general, it has 
been found advisable to assign a separate book for each 
major research project. Miscellaneous problems can 
be entered together in a separate book. Each page 
after the index pages is headed by the following spaces 
as shown: the book number, the title of the experiment 
and project, the code number of the compound being pre- 
pared, and the date on which the work was begun. 
Having the book number appear on each page estab- 
lishes the legality of the photostat made from it, relat- 
ing the photostat directly to the original record. Of 
course, the arrangement of the heading on the page will 
vary among different research organizations. 

Index pages were just mentioned. One may raise 
the question as to how subjects can be found in a bound 
book wherein there is little order of arrangement. At 
the beginning of each bound volume are four or five 
ruled pages on which the index may be kept as the re- 
search progresses. This index can be easily scanned and 
the subject in question located in short order. 

A page size of 8'/, X 11 inches has been found con- 
venient. Also it is necessary to leave a wide ruled 
margin on each page—approximately three-fourths of 
an inch—in order that photostats may be properly 
trimmed. Needless to say, the quality of the paper is 
important; it must be such as to take ink without 
blurring. A 20-compound Hammermill Bond paper 
seems adequate. 

2. Witnessing of Notes. Notes are written in ink or 
indelible pencil. They are signed by the research 
worker and witnessed at frequent intervals by two 
persons, each signature being dated. A rubber stamp 
provides the blank form for these signatures. If the 
work recorded on the page was performed on more than 
one day, each day’s work should be dated at the begin- 
ning. And if the experiment described on a single page 
covers several days’ time, the witnessing may appear 
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more than once. In any case, the final witnessing on 
the page should appear under the last line of the written 
notes, not necessarily at the bottom of the page, but at 
the bottom of the last line of the written material. 
That is, if the completed experiment does not com- 
pletely fill the page, no space should appear between 
the witnesses’ signatures and the last line of notes. 
This connects the date of the signatures with all of the 
experimental material given on the page. 

Naturally it is important that the witnesses familiar- 
ize themselves with the notes they are signing, so that 
they may be prepared to testify if necessary to verify 
the dates on which research was carried out. A sten- 
tographer should not be asked to sign laboratory records 
involving complex chemistry. Furthermore, the wit- 
ness must not be a co-inventor since the patent office 
gives little or no weight to the testimony of co-inventors 
when the question of establishing dates is involved. 

3. Photostats. Most research departments find it of 
value, I believe, to have copies of the original notes 
available. This is particularly true if it is the practice, 
as at Abbott Laboratories, to file the original volume 
in a central office where it is not easily available for 
general use. Copies serve a variety of purposes. The 
research man needs a copy of his own research notes for 
reference purposes. Also, a bound and indexed annual 
volume of the work by the entire department serves as 
a convenient reference compilation. Then, too, the 








Mreraytene suvz is excellent for demonstrating oxi- 
dation-reduction in vitro. A suggested stock solution 
contains 0.5 mg. of the dye and 1.0 g. of NaOH 
in 500 ml. of water. When 5.0 ml. of M/10 sugar 
(glucose or fructose) is added to 10.0 ml. of the dye so- 
lution and the mixture heated to 40°C. it soon becomes 
colorless. It remains in that condition indefinitely if 
not agitated, but when shaken with air the color is re- 
stored, only to fade out again when the material is al- 
lowed to stand. This oxidation-reduction cyclé may 
be repeated many times. The speed of reduction is de- 
pendent upon temperature, concentration, and kind of 
sugar. The speed of oxidation of equimolar solutions 
of fructose, glucose, and galactose is directly proportional 
to their nutrient values to certain organisms,’ (i. e., 
fructose > glucose > galactose). 

Hemoglobin may be substituted for methylene blue. 
About 1.0 g. of powdered hemoglobin shaken with 
500 ml. of water makes suitable material after filtering, 
provided it is used the day it is prepared. It has the 
advantage of demonstrating that blood pigment is part 
of an oxidation-reduction system, but the disadvantage 
is that the color change is somewhat difficult to follow, 
since the oxidized material is amber, the reduced red. 


1 Apgort, C. E., Proc. Arkansas Acad. Sci., 2, 45-47 (1947). 











DEMONSTRATION OF OXIDATION-REDUCTION SYSTEMS 





JOURNAL OF CHEMICAL EDUCATION 








photostats themselves are documents of some legal value 
and can be useful should the original volume be lost. 
Photostats have a number of advantages over typed 
copies. Of first mention is absolute accuracy in repro- 
duction. Errors creep into typed copies even though 
checked by both the typist and the research man—not 
so with photostats. Another point is economy and the 
time-saving feature. As a matter of fact, typing be- 
comes almost prohibitive in copying notes turned out 
bya large staff and beconies a real chore when many 
data, tables, and structural formulas appear in the 
notes. It even requires special training to do such 
copy work involving technical terms and structures. 


























































Nor should one forget that reading and translating the ; 
writing of some researchers are certainly a strain on the 
best of nervous systems. 
A final point deserves emphasis. While a large labo- 
ratory notebook of 8'/. X 11 inches is desirable for 
ease in writing, this size is generally too cumbersome 
for the research man to file on his bookshelf. Photo- 
stating provides an easy solution to this problem. The 0 
negatives can be reduced to any size desired as long as t] 
the reproduction is readable. Present experience indi- J ,, 
cates that a reduction from the 8'/2. X 11 inch original la 
to a 7 X 9/2 inch photostat is satisfactory; then the § q, 
research man can arrange these photostats in a bound 
book (a pinch-back binding is very convenient) for his Fy. 
desk in any order he desires. m 
lal 
ni: 
CYRIL E. ABBOTT 
Westminster College, Salt Lake City, Utah 
Washed red blood cells in physiological saline, mixed ' 
with an equal quantity of liquid containing living yeast ) 
’ qu 
cells, soon lose oxygen to the latter, becoming deep a 
purple.? The reaction is reversible, the suspension re- ii 
gaining its red color when shaken with air. In an If 
actual test case, reduction occurred within 30 seconds. cen 
Saturation with NaHCO; prevented reduction. ule 
Previous experiments with slime molds indicated that § req 
sodium monofluoracetate acts as a respiratory inhibi- § free 
tor.2 Its action on washed blood cells confirms this § info 
conclusion. However, in view of the effect of NaHCO; & of t 
on the system, and the fact that monofluoracetate § tori 
dissociated to give an alkaline condition, it is necessary T 
first to buffer the suspension to pH. 7.0. Under such § met 
conditions it was found that 10 mg./ml. of suspension § bina 
prevents reduction to the purple stage indefinitely; § expe 
1.48 mg./ml. prolongs reduction time to 45 minutes; Be 
0.77 mg./ml. has no inibiting effect, the reduction § duri 
occurring in 30 seconds. grap 
focal 





Intelligent discussion of these demonstrations at the 
time they are performed will help students understand 
them. 












2 DraBKIN, D. L., Science, 101, 446-451 (1945). 
3 Apnort, C. E., Science, 102, 71 (1945). 
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RESEARCH RECORDS IN THE SMALL 
LABORATORY 


Tue cuemicat Laboratory at the Bausch & Lomb 
Optical Company consists of five small groups totalling 
thirty persons. 
These include: 


Glass and Inorganic Chemical Research. 
Plastics and Organic Chemical Research. 
Special Instrument Research. 

Metallurgical Research and Testing. 
Chemical Analysis and Testing. 


A laboratory of this size can operate with a minimum 
of rules and regulations. Doors are open throughout 
the laboratory. The group leaders have their offices 
adjacent to the laboratories of their groups. The 
laboratory director is in each section several times each 
day. 

Under these conditions there is little need for research 
records to function as a means for exchange of infor- 
mation between groups or between a group and the 
laboratory director. The records are expected to fur- 
nish an adequate basis for: 


1. Progress reports, summary reports and yearly 
reports. 

2. Patents. 

3. A file of data for future reference. 


The basic recording system is designed to fit the re- 
quirements of the Company’s patent attorney that each 
worker keep a signed and dated longhand account of 
his activities in a bound notebook with numbered pages. 
If the diary for the day includes original research, the 
results are demonstrated to at least one other person 
who signs the record as a witness. Beyond this general 
requirement of signed notebooks each group leader is 
free to set up his own system of classifying and filing 
information for reports and for future reference. Some 
of these techniques may be of interest to other labora- 
tories. 

The glass research group needs the best possible 
method for selecting compositions with a given com- 
bination of physical properties from the thousands of 
experimental melts that have been made in the past. 

The composition that was discarded as unsuitable 
during the search for an improved glass for photo- 
graphic lenses may be exactly what is needed for a bi- 
focal spectacle lens glass a year later. All experimental 


FRANK L. JONES 
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glass melts are recorded on Keysort punch cards. The 
card contains the melt number, the date, the compo- 
sition, and all of the physical and chemical properties 
measured. It is thus possible to remove from the file 
at any time all of the melts with a given index of re- 
fraction, dispersion, or color. If glasses of a specific 
composition are desired, the selection can be made to 
pick out every melt that was a combination of those 
elements. Much repeat work is avoided by the use of 
this method of filing glass data. 

From the bound diary kept by each worker the glass 
group prepares monthly progress reports on a loose leaf 
basis with not more than one project on one page. 
These can be filed by project number so that persons 
receiving the report can check the present status of any 
project. These files form the basis for summary reports 
when the research is finished. Since optical glass is one 
of the products made and sold by the plant, the prog- 
ress reports on glass research are of interest to key 
persons in the plant and the sales office. 

The plastics research group maintains a different 
note-book for each project. If two or more persons are 
working on a single project each puts his own dated and 
signed entry in the notebook. All samples are num- 
bered according to a system that indicates the note- 
book, the page, and the location on the page where the 
preparation or source of the sample is described. Prog- 
ress or summary reports are written on the basis of the 
notebook information. 

The analytical laboratory and the metallurgical 
laboratory do more plant service work than research. 
Samples for testing or requests for information are re- 
ceived with a folded duplicate printed form. Work on 
the job is recorded in the individual’s laboratory note- 
book and the answer is typed on the opposite side of the 
request form with the carbon paper reversed. The one 
half of the duplicate form is returned to the plant de- 
partment as a report while the other half is filed in the 
laboratory under the name of the material tested. It 
is thus possible to compare the test results on any new 
sample with similar results on previous lots of material. 

The Bausch & Lomb Chemical Laboratory is thus an 
example of a small research organization using bound 
laboratory notebooks as the basis for a flexible and 
varied system of recording and filing data. 





If you run across the term “1-alpha-D-glucopyranosyl-2-beta-D-fructofuranoside’’ 
don’t let it stump you. It’s the exact scientific name for common sugar usually 


called ‘“‘sucrose.’? For variety, 


‘*2.beta-D-fructofuranosyl-1-alpha-D-glucopyrano- 


side’’ is equally correct. 
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THE EFFECT OF TEMPERATURE ON REACTIONS 
IN GELS—AN HONORS COURSE PROBLEM 


Over a pxriop of years studies of precipitations in 
silicic acid gels have proved to be a very fruitful source 
of problems well adapted to honors courses in a small 
undergraduate liberal arts college. Such studies in- 
volve techniques within the range of superior students; 
they offer considerable play to the imagination and 
often call for ingenuity in the execution of the various 
ideas which have presented themselves. The study of 


the effect of temperature on the size of crystals of lead 
salts in silicic acid gels, reported in this paper, was sug- 
gested by an accident in the laboratory. Conse- 
quently it has served .an additional pedagogical purpose 
and has been a useful local illustration of the beginning 
of many research problems. 


apa k 


Figure 1. Lead Iodide Crystals Grown in Gel at 8 to 10°C. 


The study of the effect of temperature on the size of 
crystals of insoluble compounds formed in gels has re- 
quired a great deal of time and has been conducted over 
a period of a number of years. A relatively large num- 
ber of senior students have participated init. This has 
lent interest to the whole study and has been invaluable 
to the author in stimulating interest among students 
early in their college career. Sophomores, and oc- 
casionally a freshman, on seeing the results of past 
studies or on hearing of the senior projects, have asked 
if they may look forward to working on some of the prob- 
lems in gels. Alumnae on returning to the college 
often come to the laboratory to see what phase of ‘‘their 
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problem” is being studied by the seniors, or whether 
their results of the effect of temperature on various re- 
actions in gels are being substantiated by the work of 
the groups who took up the problem where they left off. 

It might seem that this long-range problem would be 
slow and deadening because no one group of students 
has completed certain phases of the study. But it may 
be said that work on the reactions in gels has proved to 
be such a fruitful one that every year small side prob- 
lems have turned up which may be completed during 
the waiting periods on the longer problems. A few of 
these smaller projects have been reported in Tus Jour- 
NAL.! They have served to hold the interest of stu- 
dents who might not have been satisfied with only a 
part in a larger study. But the longer problem has 
been a helpful stimulus to excellent work in a small 
college where there is not too much competition in one 
year. The cooperation in stretching over a period of 
years has served to “enlarge” the department. 

The effect of temperature on the size of crystals of 
lead iodide, lead iodate, lead chloride, and lead oxalate 
will be presented briefly in this paper. A study of some 
500 to 600 tubes of lead iodide, 250 to 300 tubes of lead 
iodate, and a somewhat smaller number of tubes of lead 
chloride and lead oxalate have contributed to this re- 
port. The gels were prepared by adding a water glass of 
as constant composition as possible? to acetic acid, and 
were studied at temperatures of 8 to 10°C. and 37 to 
38°C., respectively. The lead ions were in the gels in 
each case and the negative ions were allowed to diffuse 
into the gels. There was no indication that a 
slight variation in the pH of the gels, which were acid 
sin reaction, had any effect upon the results. Never- 
theless, the pH value of the gels was determined and 
was kept practically constant throughout the experi- 
ments. Tests were made to determine also whether 
the character and size of the crystals were dependent 
upon the length of time required for the setting of the 
gel, the length of time elapsing between the setting and 
the addition of the solution to the top of gel, the tem- 
perature at which the gel set, or the temperature of the 
gel at the moment of the addition of the solution con- 
taining the negative ions. There was no evidence that 
these factors did affect the point under consideration, 
but they were kept as nearly constant as possible 
throughout the study. 





1 Fruuincer, H. H., J. Cuem. Epuc., 23, 92 (1946); 19, 369-71 
(1942); 22, 440-41 (1945). 

2 Through the courtesy of the Philadelphia Quartz Company 
their brand ‘‘E” of water glass was used. 
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Figure 3. Lead Iodate Crystals Grown in Gel at 10°C. 


As may be noted from the accompanying photo- 
graphs the crystals of lead iodide formed at 37 to 38°C. 
are very much larger than those formed at’8 to 10°C. 
The crystals at the lower temperature (Figure 1) are 
small and plate-like in appearance. They. tend to be 
hexagonal in shape and to become somewhat larger at 
the bottom of the tube. Also, these tubes show a dis- 
The lead iodide 


tinct tendency to rhythmic banding. 
crystals formed at the higher temperature (Figure 2) 
present fern-like growths with “fronds” extending the 


entire length of the tubes in some instances. The 
crystals in these tubes are very handsome and show a 
plant-like structure similar to that of “lead trees.”” In 
the case of the lead iodate the same temperature effects 
upon the size of the crystals have been noted, but the 
character of these growths is very different from that of 
the lead iodide. These crystals grow in small spherical 
clusters. At the lower temperature (Figure 3) the 
clusters and the individual crystals are small. How- 
ever, at the higher temperature (Figure 3) the clusters 
and the crystals are much larger and each cluster (well 
separated from other clusters) presents the appearance 
of a many-pointed, three-dimensional star. Some of 
these “stars” are a half-centimeter in diameter and have 
beautiful crystals projecting along many. of the radii of 
an almost perfect sphere. In the experiments with 


. and at 37 to 38°C. 
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lead chloride one notes 
needle-like crystals present- 
ing a dense vertical growth 
of short crystals at the lower 
temperature. At the higher 
temperature the crystals 
are generally much longer 
and are more sparsely dis- 
tributed in the tube than 
at the lower temperature. 
In many tubes these larger 
crystals extend in one un- 
broken line nearly the full 
length of the tube. The lead 
oxalate presents a feathery 
growth of white crystals 
which, on the average, seem 
to be somewhat larger when 
grown at the higher tem- 
perature than those formed 
at the lower temperature. 
It may be mentioned, how- 
ever, that the temperature 
effects for the last two lead salts mentioned are not as 
consistent as those in the cases of the lead iodide and 
lead iodate. 

The conclusion seems justified that the size of 
crystals of some lead salts when grown in silicic acid gel 
increase with temperature. It is certain in the mind of 
the writer that this and many small problems which 
have centered around it have proved helpful in the 
undergraduate development of many students. 


Figure 2. Lead Iodide Crystals Grown in Gel at 37 to 38°C. 


SMALL-COLLEGE RESEARCH 


DR. JOHN R. SAMPEY, of Furman University, Greenville, South Carolina, had occasion to sur- 
vey the research reported in the Journal of the American Chemical Society for the last fifteen years 
and says he was dismayed to find that only about 2 per cent of this material came from the “‘liberal 
arts colleges,’’ notwithstanding the large number of such institutions in the country. He deplores 
the situation, in view of the vitalizing effect that active research has upon undergraduate teach- 
ing, and believes that something should be done about it. We agree. 





EXAMINATIONS IN THE PRACTICE OF 
ELEMENTARY ORGANIC CHEMISTRY 


Dissatisraction with conventional examination ques- 
tions in organic chemistry has led to the commendable 
improvement recently prepared under the auspices of 
the American Council on Education and entitled “‘A. C. 
S. Cooperative Organic Chemistry Tests.”! These 
tests offer a refreshing change from such items as ‘‘Give 
five reactions of aldehydes” and “Write equations for 
the synthesis of methyl orange’ which have featured 
certain examinations of past years. 

Although the new multiple-choice questions consti- 
tute a searching inquiry into the student’s knowledge of 
general organic reactions, in the writer’s opinion they 
fall far short of identifying the thoughtful laboratory 
worker who knows what to do, how and when to do it, 
and why. This opinion hinges upon the assumption 
that there are three levels of chemical education, all 
important; furthermore, that the multiple-choice 
examination tests only the lower, or first two of the 
three levels. These levels are the following: 


1. Learning of chemical facts. 

2. Understanding of the reasoning presented by 
instructor or textbook, and recitation of such reasoning 
back in an examination—perhaps. with “propyl” and 
“butyl” substituted for “methyl” and “ethyl” dis- 
cussed in class. 

3. Selecting data not suggested by the instructor and 
using such data to solve a problem. 


It is this third and highest form of chemical training 
which has led to the use of the type of examination de- 
scribed below. It deals with the type of activity which 
progressive industry and worthy graduate schools 
naturally favor. The examination is designed to dis- 
tinguish laboratory thinkers from cookbook slaves. It 
consists of a one-hour, open-book test, in which there 
is but one problem. The following is a representative 
example, as given to a state-university class of average 
ability after four to eight months of semiweekly labora- 
tory practice: 

“Write exact directions, suited to a person of your 
experience, for conversion of one-half mole of aceto-o- 
toluidide into pure o-cresol and pure acetic acid in 
maximum yields, with use of acid hydrolysis as an es- 
sential part of the process. Specify apparatus, quan- 
tities, and concentrations of reagents, using molar 
quantities if convenient to avoid time-consuming weight 
calculations.”’ 

Students so examined are invited to bring chemical 
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handbooks and any textbooks presenting theory only. 
Laboratory manuals and private notebooks are ex- 
cluded. In the case of the particular example cited, 
the laboratory course had already included complete, 
single synthetic experiments with acetic acid and deriva- 
tives, hydrolysis of an ester, aniline, acetanilide, diazo- 
tization and phenol, to say nothing of additional opera- 
tions in which correct technique in extraction, washing, 
evaporation, drying, introduction of acid and alkali, 
etc., were prescribed and discussed. The restriction 
specifying acid hydrolysis was considered desirable in 
order to keep the procedures of the various students 
closely comparable. 

The instructor who has never thrown his students on 
their own resources with such an examination has a 
revelation coming when he grades the papers. The 
wide variation, from intellectual daylight to darkness, 
will be something of a surprise. In the first place, the 
students who are comparatively illiterate in English 
composition—a significant number—get into trouble 
promptly, and this is desirable. We hope that this fact 
will circulate among the students. On the other hand, 
certain able students who have not been stimulated by a 
mere memory course, but who are willing to indulge in 
some thinking as a chemical reaction proceeds, are 
conspicuously revealed. 

Unfortunately, this type of examination is not suited 
to a regiment of three or four hundred students whose 
papers must be handled by a staff of teaching as- 
sistants or an “International” business machine. If 
numbers are more reasonable, perhaps as many as 60 or 
80, the one instructor grading the examination reads 
each paper once, marking errors, and places it in a 
ranking position on the ample table space before him. 
Perhaps 8 to 10 piles of papers may be the final result. 

At the end of the reading, marking and sorting per- 
formance the instructor assigns to the successive piles, 
respectively, arbitrary numerical values from 90, 95, or 
100 at the top down to a generous 10 per cent at the 
bottom, adjusting such values to suit a convenient class 
average. The writer chooses 60 for this average as a 
figure not low enough to discourage plodders, and not 
high enough to obscure the records of the A-grade per- 
formers. : 

As a variant of the plan, and particularly for use early 
in the course, an examination of this type may well be 
devoted to mere isolation of pure compounds from a 
mixture of two to five ingredients. In such problems 
the student is sometimes expected to recover all com- 
pounds, at other times to discard one or two as worth- 
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less. It is of course convenient to include acidic, basic, 
and neutral compounds. To avoid evasions based on 
mere dependence upon fractional distillation, the ex- 
aniiner may well choose compounds of nearly the same 
boing point. 

On one occasion a test of the “write directions’’ type 
of examination was made by having both professor and 
junior instructor run through the same set of papers 
independently. As a result, few differences were noted 
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in the ratings. The writer still remembers clearly how 
his junior colleague exclaimed over one paper, written 
by a student whom:we had hitherto not recognized as 
outstanding. It was agreed, in the language of the 
junior colleague, that “this sounds like something right 
out of ‘Organic Syntheses.’” It has been interesting to 
follow, in subsequent years, the research records not 
only of this student, but of others who made good show- 
ings in such a laboratory examination. 


& CH KX CH 


Micro Lab—The Chemistry of the Infinitely Small 


Time, space, materials—all are conserved in the Lilliputian world of the micro laboratory. 
Special qechanical micro knives are used to take samples of almost invisible stains from 


analyzed in quantities of 0.0001 to 0.00003 of an ounce. 
cylinder walls and spark plugs. 


Even the copper left on a man’s hand as result of touching a brass door knob can be detected. 
equ: pment shown is for the rapid, automatic determination of carbon, hydrogen, and nitrogen in organic compounds. 


Here, in Gulf Oil’s micro laboratory, fuels are 


The battery of 
Materials are burned in the 


furiaces (the mounted, metallic cylinders) giving far quicker results than in testing with normal-sized batches. 





GRADUATE APPOINTMENTS IN CHEMISTRY 
AND CHEMICAL ENGINEERING 


(Continued From the January Issue) 





1 


8 





Bryn Mawr College 
Bryn Mawr, Pennsylvania 


DGS—Mar. 15 


“ “cc 

sf s * Depending on quali- 
fications ; 

2nd yr. grad. 


‘é “ 





Bucknell University 
Lewisburg, Pennsylvania 


800 


©o1O woDooo] > 


— 
bo 


HDC—Apr. 15 





University of Chicago 
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Indiana University 
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Corvallis, Oregon 


a 
Coma] A 


—_—=— —_ 


AAA AAA AAA AAAS] oO 





— 


Princeton University 
Princeton, New Jersey 
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Rutgers University 
New Brunswick, New Jersey 
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KEY TO THE TABLE 


Unless otherwise stated the positions listed in the table are 
available only to those who can qualify for admission to the gradu- 
ate school of the particular institution. 

Omissions in the table occur when the information is lacking; 
question marks indicate ambiguity or uncertainty. 

It should be realized that some institutions have not an- 
nounced all their fellowships, some of which may be available 
only to their own students, 

The columns in the table are used as follows: 

1. Name and address of the institution. 

2. Number and designation of positions. §S = scholarship; 

A = assistantship; F = fellowship; T = teaching; 
R = research; G = general, open to students in other 
fields than chemistry or chemical engineering. 

3. Stipend, in dollars per year, unless otherwise stated (m = 

per month; s = per semester; h = per hour). 

4. Length of appointment or service in months. If not 

stated, the ‘“‘academic year” (9 months) is assumed. 
8 = semester. 


5. Maximum hours per week of teaching or other service re- 
quired. Fractions indicate “proportion of time” ex- 
pected for such service. 

Status of tuition, etc. T and F indicate that tuition and 
fees are remitted. -—T (or —F) indicates that tuition 
(or fees) must be paid out of the stipend. S indicates 
that additional amounts are provided for supplies. 

Date when appointment takes effect (generally with the 
beginning of the next academic year). 

Address for additional information or for making applica- 
tion. HDC = head of chemistry department; DGS = 
dean of graduate school. A date indicates the closing 
of applications. 

Supplemental remarks. Special qualifications and limita- 
tions are given here. R indicates that the field of the 
appointment (or of the research to be carried out) is 
restricted, and the limitation may be indicated. M = 
limited to men; W = limited to women. D = for 
Ph.D. candidates only; PD = postdoctoral. 


SPECIAL ANNOUNCEMENTS 
Information Not Covered in the Main Table 


Drexel Institute of Technology. The George Baugh 
Heckel Memorial Scholarship was established by the 
Philadelphia Paint, Varnish and Lacquer Association; a 
scholarship covering tuition and fees in the Chemical 
Engineering course; the grant is tenable for two years. 

University of Notre Dame. Fellowships available for 
graduate students in September, 1948, particularly in 
the field of physical chemistry. Research is offered in 
photochemistry, radiation chemistry, kinetics, “hot- 
atom” chemistry, dipole moments and spectra.‘ Ap- 
pointments range from research assistantships at sti- 
pends of $1200 to teaching fellowships at $700 for two 


semesters. Submit applications or requests for further 
information to Dr. Charles C. Price, Head, Department 
of Chemistry, University of Notre Dame, Notre Dame, 
Indiana. 

Ohio State University. A certain number of Research 
Fellowships and Research Assistantships are available 
on projects supervised by members of the faculty of the 
Department of Chemistry. These projects are admin- 
istered through the Research Foundation and applica- 
tions are normally sent to Mr. Thomas Davis, Research 
Foundation, Administration Building, Ohio State Uni- 
versity, Columbus, Ohio. 





€ Hydrogen Peroxide 


A tool of war, high concentration hydrogen peroxide, 
developed by the Germans and duplicated by the Allies 
has great possibilities in the development of small 
power plants according to G. G. Crewson and N. S. 
Davis of the Buffalo Electro Chemical Company, 
Buffalo, New York. 

The authors reported this fact at a regional meeting 
of the American Institute of Chemical Engineers. 

Hydrogen peroxide was used by the Nazis with cal- 
cium permanganate to launch the V-1 Buzz Bombs. 
The chemical reaction between these two materials is 
of explosive violence, but if controlled properly the 
energy developed can be used for useful work. Ac- 
cording to the authors, this same reaction was used to 
drive turbine pumps in V-2 rockets, for powering rocket 
airplanes such as the Messerschmidt 163 at higher 
speeds than any of the propeller-driven planes, and for 
driving torpedoes and high-speed submarines. 

Speaking of the development, the chemical engineers 
reported that when the Allies learned about the mech- 
anism of the German V-1 Buzz Bomb, the Chemical 
Warfare Service was assigned to develop a process for 
making high concentrated hydrogen peroxide and cal- 
cium permanganate. 

The Buffalo Electro Chemical Company, Inc., among 
others, was approached on the possibility of producing 
the high concentrated hydrogen peroxide. At that 
time, completely independent of any known govern- 
ment need, the Buffalo Electro Chemical Company 
engineering staff had completed a study of this difficult 
manufacturing problem and were ready to undertake its 
production. 

Although small quantities, up to concentrations of 
99 per cent had been made in laboratories, this was the 
first time that the manufacture of 90 per cent hydrogen 
peroxide had been attempted on a large scale. The 
highest strength that had been manufactured commer- 
cially up to that time was 50 per cent. 

At the present time 90 per cent hydrogen peroxide is 
available in any reasonable quantities. 

“Research has been devoted to possible industrial 
applications of this new high concentrated hydrogen 
peroxide,” the two men said. “The reduction of the 
water content from the bleaching grades has produced 
substantially a new chemical. Ninety per cent hydro- 
gen peroxide has certain applications for operating small 





power plants where the factors of space and weight per 
horsepower are paramount. It can also be used to 
supply additional oxygen to boost internal combustion 
engines to meet emergency conditions. Although {0 
per cent hydrogen peroxide itself is not sensitive to 
shock, mixtures of it with certain organic solvents will 
produce powerful explosives. These mixtures have the 
advantage over such explosives as dynamite and nitro- 
glycerine in that they can be transported separately to 
the scene of the demolition without any hazard, yet 
upon mixing some of these hydrogen peroxide-organic 
solvent mixtures are as powerful as TNT and have thie 
additional advantage that they produce no nitrogenous, 
poisonous gases.” 


« Hevimet 


The alloy possesses a density 50 per cent greater than 
lead and is applicable to the design and construction of 
moving parts possessing maximum inertia and mini- 
mum size. 

Originally developed in response to. demands for a 
material of high density for use on a gamma ray screen, 
Hevimet is adaptable to the construction of balance 
weights for the elimination of vibration in crankshafts, 
modern air screws, centrifugal clutches and other rotat- 
ing parts. Combining great tensile strength with good 
machinability, it is highly resistant to atmospheric salt 
water corrosion and easily plated with cadmium, 
chromium, and nickel. It can be silver soldered and 
brazed by standard methods. 

Hevimet is a sintered material, made in a variety of 
nonporous sheets and blocks. Complex shapes may be 
built up from simple pressing by a special process of 
hydrogen welding. The average product has a density 
from 16.8 to 17 grams per cc., a tensile strength of 
85,000 to 118,000 lb. per sq. in., a Rockwell hardness of 
30 to 40 “C” scale. 


& Thermometric Standard 


A new thermometric standard utilizing the freezing 
point of benzoic acid as a fixed temperature has been 
developed and made available to industrial and other 
laboratories by the National Bureau of Standards. 
The acid, which is specially purified for the purpose, is 
contained in a cylindrical chamber, about 12 inches long 
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and 2 inches in diameter, provided with a thermometer 
well. This device, known as a benzoic acid cell, affords 
2 means of calibrating platinum resistance thermom- 
eters and thermocouples at a temperature near 100°C. 
more rapidly and conveniently and, under certain con- 
ditions, more accurately than is possible with the boiling 
point of water. The temperature provided by the cell 
is virtually the triple point of benzoic acid (122.362°C.). 
The boiling point of water is well established as a fixed 
point in thermometry not only for historical reasons but 
also because the thermal properties of water and its 
ease of purification make it an almost ideal standard 
substance. The laborious barometric measurements 
required for accurate observations of the steam point 
have constituted the principal drawback to the use of 
this temperature in thermometer calibration. Re- 
cently, however, as the result of an investigation of the 
properties of benzoic acid by F. W. Schwab and Edward 
Wichers of the Bureau, it has been found possible to 
use the freezing temperature of benzoic acid for this pur- 
pose with a precision comparable to that of the steam 
point as observed in most standardizing laboratories. 


* Nicotine 

Nicotine is now being recovered from the exhaust air 
of tobacco driers. In cigarette manufacturing, tobacco 
is redried before manufacturing operations, and the hot 
air from the driers has a small amount of nicotine pres- 
ent. By scrubbing these gases with water, the nicotine 
is dissolved out of the air, and by passing the scrubbing 
water through ion exchange materials, the nicotine is 
selectively removed. 

Though the chemical engineering: operation of ion 
exchange is well known, new ion exchange materials and 
processes’ are ‘being discovered every day, and the re- 
moval of nicotine from the drier exhaust gas is an ex- 
ample of the minute quantities of chemicals it is pos- 
sible to separate by this operation. The engineers 
stated that though the amount of nicotine in the tobacco 
leaf is only 2 to 8 per cent, one installation is recovering 
175 lb. a week of this valuable material from a factory 
drying 100,000 lb. of tobacco. By chemically treating 
the ion exhcange materials, efficient recoveries of nico- 
tine are obtained and, after its removal, the ion ex- 
change materials are again put back into operation on 
another cycle. 


& Flavoring 


Monosodium glutamate has for many years been one 
of the prize savoring agents of the people of Asia. Re- 
cently, it has been introduced to the United States, and 
has proved of particular value to the dehydrated food 
industry. It acts as a flavor accentuator, and often 
produces unsuspected flavors in familiar foods, though 
it has no particular flavor by itself. Today it is not 
available on the grocer’s shelf, but large quantities are 
used by the food industry. 
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The raw materials of the process are proteins found in 
wheat, corn, sugar beets, and other farm products. 
Unfortunately, only small proportions are present, and 
a major problem has been to develop sources for low 
cost separation of the crude protein. 


3 Synthetic Liquid Fuel 


The current high demand for liquid fuels may at 
this time make the construction of plants for producing 
synthetic liquid fuels feasible from the cost standpoint, 
in the opinion of W. C. Schroeder, Chief of the Office of 
Synthetic Liquid Fuels, Bureau of Mines. 

There is a petroleum shortage now in the United 
States, he indicated, and cited the gasoline rationing in 
the middle West this summer as proof. 

“There are two basic reasons for shortages of petro- 
leum in the United States at the present time,” he said, 
“aside from securing the steel necessary for added 
refining facilities. One of the reasons for the shortage 
is the low rate of discovery. Exploration after 1938 has 
provided about only half of the oil we have been using. 
This has not been due to a low rate of exploration, but 
during 1946 and the early part of 1947, 3 or 4 times as 
much work has gone into exploration as before the war. 
The lack of oil is due to increasing difficulty in finding 
oil. The second important factor is the sharp rise in 
the demand for oil. At the present time 90 per cent of 
the locomotives on order are oil-burning diesel motors. 
The figures for oil, prepared for home heating, are at 
the highest rate in history. The automobiles now in 
use are consuming more oil per car than before the war. 
Farms and farm machinery are demanding more and 
more oil, and in addition, we have a growing aviation 
industry needing larger quantities of high-octane gaso- 
line.” 

All of this has resulted in the need for oil of 4 million 
barrels a day before the war to 5 million barrels a day 
during the war, and to 51/2 million a day at the present 
time. It is predicted that before 1951 the demand will 
reach 6 million barrels of oila day. It is not possible to 
supply such demand from our present petroleum re- 
serves, and there is no promise that the reserves can be 
increased sufficiently by further exploration. 

Many people believe that the United States can meet 
its increasing demand by importing oil, particularly 
from the Persian Gulf Area. It is undoubtedly true 
that this region has a huge supply of known reserves 
of oil, and its potential supplies are enormous. As- 
suming, however, that these are developed as rapidly as 
possible, it is doubtful we have any material amount of 
oil that can be made available from this source for use 
in the United States before 1951. The construction of 
pipe lines in the development fields, and all the neces- 
sary facilities require considerable time. 

At the same time, it is anybody’s guess as to how 
much of this oil will be available after 1951. War de- 
mand, if the occasion arises in the United States, will be 
increased by 13 per cent over the 1945 and 1946 de- 
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mand. Countries like England and France, who are 
now short of coal, have been ordering industries to burn 
oil instead, and such uses will probably grow. The so- 
called backward countries are slowly coming to realize 
that the only way they can support the enormous 
populations is through increased manufacturing, and 
this means further large markets for oil. Recently the 
Secretary of War estimated the demand for oil in another 
war, if it should come, may reach 8 million barrels a day. 
This is in contrast to the 5!/- million barrels a day which 
is the maxium demand for peace. It is difficult to see 
how such a huge demand can be supplied in the United 
States from crude petroleum. At the same time reli- 
ance from long sea lanes from South America, and even 
longer lanes from the Persian Gulf area is most undesir- 
able. From the military standpoint the safest oil is 
that within our own borders. 

If crude oil supplies fail to match the demand in this 
country, the question is not can we find other sources of 
oil, but rather what sources should be-used. Secon- 
dary recovery methods are being developed for secur- 
ing oil from sand, heretofore considered to be pumped 
out. Drilling for oil on the continental shelf, well out 
to sea, has become a reality in the past few years. Tar 
sands offer further sources for oil. 

In addition methods have been developed for the 
conversion of natural gas to good motor gasoline. Oil 
shale offers a source for petroleum with reserves which 
is about four times our known crude oil reserves. How- 
ever, the really vast source of raw material for oil is 
coal. The United States is thought to possess 50 per 
cent of the considered supply, and the methods are 
available for converting this to produce liquid fuels 
from the highest octane gasoline through excellent 
diesel fuels to oils. If coal is used to supply the amounts 
needed for all combustion and heating problems the 
reserves will be sufficient to last for hundreds of years. 


& Diatomaceous Earth 


A new plant fitted with the latest equipment to proc- 
ess diatomaceous earth to exacting, individual product 
specifications for chemical process industries has just 
been completed at Clark, Nevada. 

The fossilized remains of a microscopic plant deposi- 
ted during prehistoric times, diatomaceous earth, are 
extremely light, porous, and have high absorptive quali- 
ties. The new product called Celatom is used in high 
temperature insulation as a filter-aid for the beverage 
industry and as a carrier for fertilizers and insecticides. 
Another use is as a filler to provide bulk and strength 
at low weight for paints, paper, polishes, and plastics. 

Used as catalyst carriers, Celatom is inert, very 
absorptive, and impervious to high temperatures. It 
absorbs and holds greater amounts of the catalytic 
material because of its fine porosity and great surface 
area. Essentially pure, noncrystalline silica, it contains 
nothing to contaminate any of the customary catalytic 
agents. The large surface area available assures maxi- 
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mum contact with vapors involved in petroleum refin- 
ing. 

High absorptiveness combined with great surface 
area, and light weight make Celatom an excellent cat- 
alyst carrier in the production of any acids. In the 
hydrogenation of vegetable oils its excellent filtering 
properties are of additional advantage. 


@ Radiation Counter 


Radioactivity studies conducted by Dr. L. F. Curtiss 
of the National Bureau of Standards have shown that 
diamonds are highly sensitive to gamma rays and may 
be used to detect this radiation in the same way as a 
Geiger-Miiller counter. It has been found that a 
diamond placed in a strong electric field initiates sharp 
electrical pulses when gamma radiation is absorbed, 
and, as with a Geiger counter, a count of pulses gives an 
indication of the intensity of the radiation. The dia- 
mond counter has not yet been tested for beta radia- 
tion, but it is expected that a similar effect may be ob- 
served in this case. 2 

Gamma rays—electromagnetic rays of very short 
wave length similar to X-rays—are constantly given off 
by radioactive materials. Of great value in many lines 
of research, they are used principally in medicine for 
treatment of malignancies, in industry for the radio- 
graphic examination of metallic castings, and in nuclear 
physics for the study of the structure and energy levels 
of the nucleus. The development of the diamond coun- 
ter is expected to provide an important tool for scientist 
and technicians in these fields. 

To use a diamond as a counter, it is clamped between 
two small brass electrodes maintained at a difference in 
potential of about 1000 volts.. When a source of gamma 
radiation is brought within range of the diamond, there 
occur across the electrodes pulses of current, which after 
amplification may be detected and counted on any suit- 
able indicating device, such as an oscilloscope, a current 
meter, a set of earphones, or a loud speaker. In the 
apparatus assembled at the Bureau, primary amplifica- 
tion is effected with minimum loss of original intensity 
through the use of a triode very close to the diamond in 
the circuit. The output from this tube is then applied 
to a two-stage amplifier, from which pulses of sufficient 
magnitude are obtained to operate the detecting instru- 
ment. 

The pulse-producing property of the diamond is 
thought to be a result of its highly symmetric crystal- 
line structure, characterized by a very regular arrange- 
ment of carbon atoms with relatively large intervening 
spaces. According to this theory, when a photoelec- 
tron is emitted by a diamond atom as the result of the 
absorption of gamma radiation, the freed electron is 
accelerated thtough the interatomic space toward the 
positive electrode. Within a very short distance it 
acquires such high velocity that other atoms along its 
path are ionized by collision with the release of addi- 
tional electrons, which in turn are accelerated in the 
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same direction. This multiplication of charges repeats 
itself in fapid succession, producing a sudden avalanche 
of electrons equivalent to a small pulse of current. The 
larger the diamond the more electrons would be in- 
volved in the sudden pulse that is counted. This 
means that the gamma-ray sensitivity of a diamond 
counter should be proportional to the size of the crystal. 
However, adequate sensitivity is obtained with a com- 
paratively small diamond. Apparently the diamond 
quickly recovers from its ionized state, as the pulses 
registered are extremely sharp. The diamond counter 
is thus a very “fast’’ counter, capable of indicating a 
much greater number of pulses per minute than is pos- 
sible with the ordinary Geiger-Miiller counter. 

Similar principles have been utilized at the Bell Tele- 
phone Laboratories in experiments with alpha particles. 
Here, because of the poor penetration of this radiation, 
both electrodes were applied to the same crystal face, 
and the impinging particles were detected by means of 
the surface ionization they produced. 

While gamma rays may produce photoelectrons in 
other erystalline substances such as sodium chloride, in 
most cages the crystal must be cooled to a very low tem- 
perature to eliminate background noise, which may be 
due to continuous ionization of the lattice at ordinary 
The diamond is the only’ material so 


far investigated that performs satisfactorily at room 
temperature. 

Industrial diamonds used as counters must be color- 
less and absolutely free of flaws; about one diamond in 


forty meets these specifications. Apparently color in a 
crystal, such as a diamond, indicates a change in the 
relation of outer electrons to atomic nuclei. Such a 
condition might tend to inhibit the generation of the 
required electrical pulse. Obviously, a flaw in the dia- 
mond would impede a surge of electrons through the 
affected portion of the crystal. 

Diamonds tested in the Bureau’s laboratories have 
been found to have a sensitivity per unit volume equal 
to or greater than that of any counter hitherto con- 
structed. One of these diamonds, measuring about !/s 
inch on each face, has approximately the same sensitivity 
for gamma radiation as a laboratory-constructed Geiger- 
Miller counter cf the usual type. Many diamonds are 
larger and would thus be much more sensitive. 


2 Flotation 


‘A generation ago, before commercial laundries had 
reached the high degree of proficiency which they now 
demonstrate; a goodly proportion of the nation’s soiled 
clothes was given its weekly cleansing by the pro- 
fessional washer woman. Sometimes she came to the 
home; frequently the clothes were brought to her for 
the rubbing and tubbing they needed. It was hard, 
arduous toil but many a poor widow found it a means of 
subsistence. According to the record there was one 
who quite literally found it a source of gold. 

“According to the National Geographic, Carrie Eyer- 
son was @ washer woman in a little Colorado mining 
town. The clothes of the miners naturally were soiled 
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with the ores with which they were in daily contact. 
One day as she bent over her tub, the heroine of this tale 
noticed gold particles floating in the suds. She knew 
that gold is heavy and should sink in water. The fact 
that it was floating, she concluded, was due to the buoy- 
ancy of oil from the greasy overalls. Unfortunately, 
the reasoning there was faulty and led to the ultimate 
invalidation of her patent. The oil film coats the gold 
particles so that they are not wet by the water but actu- 
ally ride upward on bubbles of air. ° 

“Whether the lady ever received any compensation 
for her observation is not recorded but certainly the 
principle demonstrated in her wash tub was one which 
has been worth millions of dollars to the mining indus- 
try in the thirty odd years since it was generally intro- 
duced. Naturally it has required extensi¥e laboratory 
study and the end in that direction has not yet been 
reached; there is much still to be learned. Neverthe- 
less the method of flotation is now the most widely used 
of all processes for'concentrating ores. Copper, gold,, 
and silver which often occur as free metals in ore are to 
some extent handled this way. For the base metals 
such as lead, zinc, nickel, and molybdenum, the process 
is almost universally used. And in the field of nonmet- 
als, for instance clay, fluorspar or phosphate, again flo- 
tation methods have been widely adopted. 

“Most ores consist of one or more valuable constit- 
uents combined with a considerable proportion of clay, 
silicates, carbonates and other material of little interest 
economically and commonly referred to as ‘gangue.’ 
The separation of values is accomplished by pulverizing 
the entire ore and mixing it with water to a muddy soup. 
Flowing in thin films over cleverly devised vibrating, 
inclined tables brings about a preliminary separation. 
However, the very finely divided material is best 
handled by flotation. For that purpose a suitable flo- 
tation agent is added to the ore soup. This is usually 
an organic chemical, oily in character, which has the 
ability to wet selectively the surface of one mineral but 
not another. When that is accomplished a suitable 
foaming agent such as cresylic acid or pine oil is intro- 
duced and the slurry beaten wifh-air to form a heavy 
froth. The oiled particles, now no longer wet by the 
water, are caught on the rising air bubbles and carried 
to the surface. The unoiled particles settle to the bot- 
tom. 

“The froth has a stiff, greasy character quite unlike 
the soft creamy suds of a wash wheel. It has a rel- 
atively long life and easily holds the mineral particles 
until they can be mechanically skimmed off and sent on 
for further treatment. Often the settled matter (the 
gangue) also has constituents worth saving so it may be 
sent through another circuit using other activating ma- 
terials which this time will wet the desired ingredient so 
it can be floated while the rest is again dropped.” 
—From Silicate P’s and Q’s, Philadelphia Quartz Com- 
pany, Pennsylvania. 


g The Effectiveness of Science Teaching 
Volume IV of the report on Science and Public 
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Policy, prepared for the President’s Scientific Research 
Board, contains a discussion of this topic which culmi- 
nates in the following recommendations. 

1. We should gear the financial support of public 
education to our economy. It is not sensible for us to 
pay without much complaint nearly five per cent of our 
national income for education in times of depression, 
and then recklessly allow our schools to deteriorate by 
spending only 1.6 per cent of our income in prosperous 
times. Unless compensation and working conditions 
are improved in a high percentage of our school systems, 
it will be impossible to attract and keep an adequate 
number of science teachers at all levels of science in- 
struction. 

It is accordingly proposed by this committee that 

legislation rélating to financial support of vocational 
and technical education be amended and future legisla- 
tion be formulated to include provisions for the teaching 
of the basic sciences and (or including) mathematics. 
. 2. Every national scientific organization should 
make a special effort to make the public aware of the 
facts regarding teacher shortage. The journals and 
magazines in recent months have provided evidence 
that can be used to convince any citizen who is con- 
cerned about the welfare of our people. 

In addition to higher salary, the working conditions 
of teachers must be improved. 

3. Institutions engaged in the education of teachers 
for elementary and secondary schools should provide 
stronger programs. They need to: 


(a) Design a curriculum that is appropriate for such teachers. 

(b) Provide training in broad areas rather than specialization 
in one field. 

(c) Offer a course of professionalized subject matter that will 
give special attention to the organization and enrichment 


of subject matter. 


4. Higher institutions, as well as public school sys- 
tems, should provide strong in-service programs for 
teachers. Supervision should be in adequate amounts 
and of the type that the competent teacher wants. It 
should focus on teacher growth. It is as badly needed 
in the typical college and university as in the senior 
high school. Weneed: 


(a) Workshops, maintained through grants-in-aid providing 
for teacher subsistence. 

(b) Provision of science and mathematics counselors through- 
out the country, in each of the fields of mathematics, life 
science, and physical science. 


5. Establish federal, state and local full subsistence 
scholarships for students with a high degree of scientific 
talent as a substantial step toward a general program to 
encourage able youth in all fields to become educated 
to the limits of their ability. 

Temporarily the general plan could be regarded as a 
modification of the corresponding portion of the so- 
called G. I. Bill of Rights, applied to high-school gradu- 
ates of exceptional ability and promise. Pending the 
development of more permanent methods of screening, 
scholastic records, supplemented by comprehensive and 
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standardized tests for evaluation of aptitude and 
scholarship, could be made the basis of selection. 

6. Establish an adequate number of postdoctoral 
fellowships to supplement fellowship grants by univer- 
sities and other organizations. Purpose: 


(a) To utilize the ability of young scientists who have just 
finished the Ph.D. and are eager to continue with basic 
research problems. These fellowships should extend 
over 2 or 3 terms to enable the completion of a sound 
research program. 

(b) To give older scientists who-frequently-have-too many rou- 
tine duties in their regular jobs the opportunity to ro- 
fresh their scientific spirit, and to study new methods of 
science education and research in new environments. 


Long Range Program 


1. Sponsor a comprehensive investigation: 


(a) To determine the concepts and principles of science and 
mathematics essential to an adequate program of Gen- 
eral Education. 

(b) To secure experimental data to aid teachers in planning an 
effective grade and age placement for the teaching of 
these concepts. 


2. Sponsor a comprehensive study of systems of 
early identification and guidance of science talent at all 
school levels. 

@ First Aid Cards 

A series of first aid cards prepared by the technical 
staff of Benson & Associates, Inc., 330 S. Michigan 
Avenue, Chicago, are mailed twice monthly as a service 
to industry. These cards briefly set forth the details 
of the effects of various chemical compounds on humans 
whether inhaled, swallowed, or contacted by skin or 
eyes, together with simple first aid procedures. For a 
number of compounds the systemic effects are also 
listed. The proper protective equipment to guard 
against injury is recommended. Technical references 
are given with regard to the specific subject. 

The cards cover gasoline, turpentine, sulfuric acid, 
loss of salt, phosphoric acid, nontoxic dusts, phenol, 
aniline, nitrobenzene, ammonia, toluene, benzene, 
methanol, DDT, sulfur dioxide, caustic soda, and many 
other common chemicals used in industry. The list is 
constantly growing. 

The size 5” X 8” allows for easy filing for ready refer- 
ence in the shop, plant, or dispensary. The cards are 
free to regular B & A customers, the cost to others is 10 
cents per card or $3.20 per set of 32. The cards have 
become popular because of their practical utility. 


e Diamonds 


The Industrial Diamond Information Bureau, Indus- 
trial Distributors (1946) Ltd., St. Andrew’s House, 32- 
34, Holborn Viaduct, London, E.C.1., publishes 
monthly a bulletin containing abstracts of articles deal- 
ing with properties and industrial applications of dia- 
mond, together with notices of patents and patent 
applications in many states. A copy of this bulletin 
may be obtained, free of charge, on application to the 
above address. 





l'o the Editor: 

It is unfortunate that the paper by Robert D. Good- 
win, entitled ‘A Simple Manostat‘of Constant Sensi- 
tivity,” was published in the October issue of your 
JOURNAL without my knowledge because I would have 
been able to clear up a few points of difficulty men- 
tioned by the author. 

I am presently engaged in preparing another paper 
on the Cartesian Manostat which I hope to publish soon 
in which a more thoréugh analysis of the theory will be 
made. Due to an oversight on my part I had failed to 
state in my first paper, under “Equilibrium of Buoyant 
Forces,” that the area of the inner vent tube has been 
neglected. The suggestion made in Goodwin’s note 3 
to replace Ag by the internal area of the diver is not cor- 
rect. Ihave already derived the equation in which the 
area of the internal vent tube is not neglected. 

The final equation after simplification and approxi- 
mation may be written as (using the symbols of my 
paper! with the following additions: Ay = cross-sectional 
area of inner vent tube, Vo = volume inside of float, and 
P, = pressure inside orifice, which may be taken as 
nominally zero) : 

AP not a(l + A;/Az) aA; P 
Po — Pa A+ (Ai/Az) Av | [Ai + (Ai/A2)A V0 ° 


It will be noted that when Ap is small in comparison 
with A, then the above equation reduces to equation 8 
of my paper. I do not think it is correct for Dr. Good- 
win to state that the manostat has a constant sensi- 
tivity since this is only true when V» is made infinitely 
large. There is a much simpler way of reducing the 
rate of change of sensitivity with pressure than by the 
method suggested by Dr. Goodwin. 

From the above equation this may be accomplished 
by increasing the area of the inner tube where it comes 
in cohtact with the liquid seal and by making A; small. 
This in effect magnifies the volume inside the float. 
This particular design has been incorporated in an 
industrial type manostat which the Emil Greiner Com- 
pany has recently developed. The suggestion is largely 
due to Dr. Teeters of Hoke, Inc. 

I should like to add that although the derivations of 
Dr. Goodwin may not be strictly rigid, I believe they 
have good pedagogical value. 





RoGer GILMONT 


Tue Emit GREINER CoMPANY 
New York City E 


1 Grmont, R., Ind. Eng. Chem., Anal. Ed., 18, 633 (1946). 





To the Editor: 
Thank you for the opportunity to comment on Dr. 


‘Gilmont’s reply to the criticism which I recently pub- 


lished in your JouRNAL. I apologize for involving you 
as mediator in a polemic which might have been avoided 
had I not attempted so severely to condense my paper. 

In his letter of October 27 to you Dr. Gilmont indi- 
cates with reference to my third footnote that due to an 
oversight he had failed to state that the area of the 
inner vent tube has been neglected, 7. e., assumed neg- 
ligibly small, in which case A represents the inner area 
of the diver. Upon this assumption the analysis is 
certainly quite satisfactory. 

Not wishing to write at length about an error which 
did not greatly affect the validity of Dr. Gilmont’s 
conclusions, I, too, am culpable for having failed to 
show accurately the changes consequent to an under- 
standing that Archimedes Principle is indifferent to 
any object immersed in the liquid within the diver. 
When A: does not sufficiently represent the internal 
area of the diver Dr. Gilmont’s equation immediately 
following equation (3) would, I believe, read: 


W/d + (As + Az)(mo + In) = (Ai + Az + As)m + a(P — P,) 


where A, represents the area of the inner vent tube and 
P, the exhaust pressure expressed as height of liquid. 

The same equality may be obtained less equivocally, 
it seems to me, by considering the forces acting on the 
diver as follows: downward forces due to gravity and 
external gas pressure are W+ P(A,+A2+A3—a) d+ P, 
ad; the upward force on the bottom surface of the diver 
wall is (P+-m)A,d, and that on the upper, inner surface 
of the diver is (P — hy — he)(A,+ Az)d. 

The new design which Drs. Gilmont and Teeters pro- 
pose will, I am sure, be an improvement relative to the 
modification suggested by me in that the size of the 
apparatus will not be so greatly increased. 

To avoid the necessity for thermostatting the mano- 
stat I use a regulator akin to the U-tube design of my 
Figure 2 but replace the reservoir, N, by a simple level- 
ling-bulb exposed to the atmosphere and filled with 
water or mercury as the pressure requires. For all but 
the lowest pressures this provides a manometer and pres- 
sure-adjusting mechanism as an integral part of the 
manostat. 


Rosert D. Goopwin 
Morristown, New JERSEY 
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To the Editor: 

The modifications of equation (3) as stated by Dr. 
Goodwin are entirely correct and it is interesting to 
note that I have already used his suggested method of 
derivation (namely, the free body method) to check the 
first derivation by Archimedes’ principle. In fact, I also 
liked the free body method much better and have pre- 
pared my subsequent paper using this method. Both 
methods of course give the same results, but the free 
body method is more fundamental. It is unfortunate 
that Dr. Goodwin fails to appreciate the importance 
and necessity of the more rigid derivations, and his 
facetious attitude concerning an algebraic marathon is 
out of place, since the mathematics involved are not 
above the high-school level. The necessity of these 
more exact relationships will become apparent when 
dealing with higher pressures as will be shown in my 
subsequent paper. 

I should also like to point out that the U-tube type of 
manostat with the sealed float is not at all analogous to 
the Cartesian type. It is immediately apparent that 
the motion of the float is the same as the liquid surface 
in which it floats and that the sensitivity of the device 
at low pressure is lost due to the insensitiveness of the 
motion of the float. No doubt Dr. Goodwin has 
encountered this trouble, as intimated in his letter. If 
Dr. Goodwin will analyze the action of the float in the 
Cartesian type of manostat he will realize that the 
sensitivity of motion of the float may be increased many 
fold by choosing the proper dimensions, or he may refer 
to the paper of Germann and Gagos! and obtain a good 
idea of the problem. 

I hope to present in a subsequent paper as I had 
promised in my first paper, a rigid analysis of this prob- 
lem which I have already worked out in conjunction 
with the design of a combination high vacuum manostat 
and gage. I should state that it is not necessary to 
employ the calculus as was done by Germann and 
Gagos, and for this reason it may have pedagogical 
value when presented in simple algebraic form. Ger- 
mann and Gagos have also assumed the cross-sectional 
area of the container to be sufficiently greater than the 
area of the float wall to give their simplified equation, 
which expresses the magnification as A2/A; (using the 
symbols of my paper, and neglecting the area of the vent 
tube, which does not appear in their vacuum gage). 
The more precise expression for this ratio is given by 
As:A/[A3(A1+Az)], which reduces to the simplified 
expression when A,;+A2:—»>A. Considering the central 
tube the ratio is expressed by [A+ Ao(A1/Ae)]/As- 
(1+A;/Az), where Ay = area of central tube. 

Essentially what all this indicates is that the motion 
of the float becomes magnified as A; is reduced in com- 
parison to Ag¢. 

I trust that I have not appeared unduly pedantic; 
however, I wish to stress the importance of all the de- 
tails involved in the above problem because I see a big 





1 GERMANN, F. E. E. anp K. A. Gacos, Ind. Eng. Chem., Anal, 
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future ahead for the application of these Cartesian 


devices both in industry as well as in the laboratory. . 


To make a proper application of these devices, the smal- 
lest detail cannot be disregarded. 
RoGerR GILMONT 


Tue Emit GREINER CoMPANY 
New Yor«x City 


To the Editor: 

During my ten years of experience in teaching begin- 
ning college chemistry, it has been discovered that there 
are always a few students that insist on writing chemical 
symbols with both the first and second letter capitalized 
such as MN for Mn. A good illustration, which I 
thought would help to overcome this, recently came to 
my mind when the initials H. C. L. were noted on a 
certain professor’s brief case and when I asked him 
what it stood for, he said, “The high cost of living.” 

As a result, it was decided that this illustration would 
help impress upon the minds of the students that the 
second letter of a chemical symbol is not capitalized. 
When it came to teaching chemical formulas, the letters 
HCL were written on the blackboard and the students 
were asked what these letters stood for. All the bright 
students with high-school chemistry raised their 
hands and, of course, the answer was “hydrochloric 
acid.”’” It was then pointed out that it does not stand 
for hydrochloric acid but instead it stands for the “high 
cost of living” and HCl stands for hydrochlorie acid. 
This comical illustration “did the trick” and so far I 
have not yet discovered any students writing the second 
letter of a chemical symbol with a capital letter. 

I would like to pass this idea on to other teachers. 

ArTHUR W. Devor 


Strate TEACHERS COLLEGE 
Minot, NortH Daxora 


To the Editor: 

Finland has an excellent and keenly scientific minded 
Technical Institute, Teknillinen Korkeakoulu. Dur- 
ing the war its library was bombed and totally de- 
stroyed. 

On my recent trip to Finland for the American 
Friends Service Committee, I discussed the situation 
with Dr. Martti Levon, Director of the Institute. He 
said he would welcome gifts of Scientific and Technical 
Books and Periodicals from America to take the.place 
of those destroyed. In the remarkable efforts for re- 
covery that the Finns are making, the lack of technical 
library facilities is a very serious handicap. It would 
be a practical act of friendship to a nation that holds 
America in high regard if Americans should contribute 
good technical books and periodicals to this library. 

Any such gifts should be marked for the Institute of 
Technology, Helsinki, and sent to the Legation of Fin- 
land, 2144 Wyoming Ave., N.E., Washington, D. C. 
Dr. K. T. Jutila, the Finnish Minister, will arrange for 
their being sent to Finland. 

Artuur E. Morgan 
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To the Editor: 

In your May, 1947, issue there is given a mnemonic to 
aid in the remembrance of Maxwell’s four thermody- 
namic relations. 

These are: 


or oP 
(sr). - Gs), 
(sp),~ (3s) 
oP /s oS Jp 
oV os 
(sr), - ~ (se) 
os oP 
=).- i), 

There is another mnemonic—the source of which I 
cannot recall—which uses the word sportive. Let us 
underline the letters S, P, T, V, as shown S PO R- 
TIVE. Then going around the above differentials 
either clockwise or anticlockwise these letters S, P, 7’, V 
always occur in the same order. Also if P and T are on 
the same level the negative (—) must be used. It is 
also easy to see what quantity remains constant during 
the differentiation; e. g., in the first equation, on the 
left we differentiate with respect to V at constant S and 
on the right we differentiate with respect to S at con- 
stant V. 

I think these few rules may be of use to the student. 


JOHN SATTERLY 


UNIvERsItTy oF TORONTO 
Toronto, CANADA 


To the Editor: 

I am compiling a list of publications that are used as 
chemistry teaching aids in colleges and universities 
usually for local consumption. They take the form of 
syllabi, lecture and study outlines, question and answer 
books, problem-solution books, work books, supple- 
mentary notes and explanaticns, laboratory manuals 
and others. Many of these would be used more widely 
if more teachers were aware of their existence. They 
may be mimeographed, lithographed, or otherwise 
reproduced. ; 

I would appreciate it if you would ask your readers to 
send me the following information with regard to any 
which they may be acquainted with: author, title, num- 
ber of pages, how reproduced (whether mimeographed, 
etc.), date, where obtained, cost postpaid, and chem- 
istry course for which suitable. 

H.:I. Fernsts1n 


Howarp UNIVERSITY 
WasuinoTon, D. C. 


To the Editor: 

Progress, and ever the survival of our present civiliza- 
tion, depends not only on the existence of numerous 
specialists but also on persons with a broad field of 
knowledge who have imagination and vision and who 
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are capable of coordinating individual efforts. How- 
ever, it is apparent that we have not been too successful 
in producing men of such caliber and as a result there 
may be unfavorable repercussions in the not far distant 
future. 

Because of the lack of suitable candidates, narrow 
specialists are often promoted to commanding positions 
to the detriment of all concerned. They are usually 
unfamiliar with the basic problems involved in handling 
people or in the various administrative duties. They 
are unable to grasp the significance of branches of sci- 
ence other than their own, thus making progress in one 
direction only. They too often avoid contact with sub- 
ordinates, imagining that this effectively covers up their 
short-comings. They attempt to enforce their “expert” 
superiority by resorting to a scientific jargon which is 
unintelligible to laymen and sometimes even to their 
own profession. All these and similar limitations result 
in loss of prestige, create dissatisfaction within the 
organization, and reduce production. 

The question arises whether the present educational 
system is capable of meeting realities without becoming 
entangled in political and economic problems. Can 


the education dilemma be solved without answering a 
number of questions which may be too hot to handle? 

Is every individual capable of absorbing an unlimited 
amount of knowledge? 

Should taxpayers be bled for support of pupils of 
limited abilities? 

Should the grammar and high-school training be the 


same for children who will and who will not attend col- 
lege? 

Is it possible to force education on everybody without 
lowering scholastic standards? 

Are educational institutions in a position to weed out 
the less capable students without political entangle- 
ments unless they are financially independent? 

Does the educational level] interfere with the type of 
work which a, person expects to do in the future? 

Should the age of school attendance be governed by 
the desire to reduce the labor market or by scholastic 
possibilities? 

Is obligatory school attendance at an early age of help 
to anybody except to families who want to have some 
rest from their children? 

Is it preferable to have fewer but better institutions 
for higher education than a large number of mediocre 
ones? 

Is the overproduction of educated classes an asset to 


. acountry? 


Is it possible to have equal educational facilities in all 
parts of the country? 

Many more questions of this type can be proposed, 
but is anyone willing to answer them truthfully? (Or 
able to do so?!—Editor) V. A. KaticHevsky 


BEAuMontT, TEXAS 


Wo 





TENTH SUMMER CONFERENCE 


This tenth year should see the biggest and best Sum- 
mer Conference yet. No effort will be spared to make 
this a special occasion, in view of the fact that the year 
1948 also marks the fiftieth anniversary of the founding 
of the Association. 

The evening sessions will be addressed by speakers of 
national prominence in science. Symposia will be held 
again and at least one of them will be devoted to actual 
science material as distinct from. methods of teaching. 
Workshops are planned for some of the afternoon ses- 
sions, where all interested persons can get together in a 
classroom for an extended session of questions and an- 
swers on the subject matter of these symposium lec- 
tures. As a special feature, the favorite speakers from 
all previous symposia will be invited to speak again this 
year. 

The maximum number of lectures will not be crowded 
into each session. Even more time will be left than has 
been in the past for discussions, trips, picnics, and all 
kinds of relaxation and recreational activities. 

President Eldin V. Lynn has announced the following 
complete list of appointments to the Tenth Summer 
Conference Committee. John A. Timm, Simmons 
College, Boston, Massachusetts, and Carl P. Swinner- 
ton, Pomfret School, Pomfret, Connecticut, Co-Chair- 
men; Paul F. Stockwell, Brattleboro High School, 
Brattleboro, Vermont, Secretary; Otis E. Alley, Law- 
ence H. Amundsen, Constance M. Bartholomew, Mil- 
lard W. Bosworth, Leallyn B. Clapp, Helen W. Craw- 
ley, Irwin B. Douglass, Gertrude T. Eastman, Rev. 
Bernard A. Fiekers, S. J., Donald C. Gregg, George 
D. Hearn, John C. Hogg, Ralph E. Keirstead, Pearle R. 
Putnam, Howard A. Smith, Howard Wagner, Elbert C. 
Weaver, and Maurice M. Whitten. 


€ General Electric Fellowships 


Union College in Schenectady, New York, has an- 
nounced the availability of fifty all-expense General 
Electric Science Fellowships for secondary school sci- 
ence teachers from New England, New York, Pennsy]- 
vania, New Jersey, Delaware, Maryland, Virginia, and 
the District of Columbia. Half of the awards will go to 
teachers preferring to study chemistry and half to those 
preferring to study physics. 

This is the fourth annual session at Union College 
and it will be held from June 26 to August 7. The spe- 
cial courses, designed to bring the fellows information 


concerning the latest advances in chemistry and phys- 
ics, will be conducted by the college faculties in coopera- 
tion with the scientific staffs of the General Electric 
Company. 

Fellowships will cover traveling expenses, living ex- 
penses, and tuition at the sessions. Formal announce- 
ments and application forms have been mailed widely 
to secondary school and science teachers in the states 
mentioned. The forms may also be secured by writing 
directly to the College. Completed applications must 
be submitted before March 15 to the Secretary, Com- 
mittee on General Electric Fellowships, Physics Labora- 
tory, Union College, Schenectady 8, New York. Since 
a number of N.E.A.C.T. members have been recipients 
of these awards in previous years, it is presumed that 
many may wish to apply for them this year. 

For the second year a similar session will be conducted 
at the Case Institute from June 27 to August 6 for 
teachers from Ohio, West Virginia, Kentucky, Indiana, 
Illinois, Wisconsin, Michigan, and western Pennsyl- 
vania. Completed applications must be submitted 
before April 15 to Dr. Elmer Hutchinson, Dean, Case 
Institute of Technology, Cleveland 6, Ohio. 


. Official Business 


The following program was presented at the 248rd 
meeting of the N.E.A.C.T. held at Harvard University 
on December 13, 1947, which was held jointly with the 
Eastern Association of Physics Teachers and the New 
England Association of Biology Teachers. “Greetings,” 
Fletcher G.. Watson, Harvard School of Education; 
“Science Talent Search Winners,” Nancy A. Durant, 
Radcliffe College, and others; Panel Discussion, ‘‘Value 
and Place of Science Fairs,” William O. Brooks, Spring- 
field Technical High School, Springfield, Massachusetts, 
R. K. Carleton, Rhode Island State College, Kingston, 
Rhode Island, John Gibbons, Brighton High School, 
Brighton, Massachusetts, “The Scientific and Social 
Significance of the Atomic Energy Projects,”’ Charles D. 
Coryell, Department of Chemistry and the Laboratory 
of Nuclear Science, Massachusetts Institute of Tech- 
nology; ‘Polarographic Analysis,” James J. Lingane, 
Chemistry Department, Harvard University. There 
was a luncheon at the Harvard Faculty Club and a 
brief business meeting preceding the afternoon lecture. 


@ New Members 


Anna Asadourian, Wellesley College, Wellesley, Massa- 
chusetts 
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Charles L. Daley, Lowell Textile Institute, Lowell, 
Massachusetts 

Rose Finkelstein, Crosby High School, Waterbury, 
Connecticut 

George E. Hall, Mount Holyoke College, South Had- 
ley, Massachusetts 

John Hodges, Brown and Nichols School, Cambridge, 
Massachusetts ‘ 

Richard H. Jaquith, Colby College, Waterville, Maine 

Vasilis Lavrakas, Lowell Textile Institute, Lowell, 
Massachusetts 

Joseph D. Matthes, Massachusetts College of Phar- 
macy, Boston, Massachusetts 

E. Albert Nitsche, Chapman Technical High School, 
New London, Connecticut 

Schuyler G. Slater, University of Connecticut (Fort 
frumbull Branch), New London, Connecticut 

Elvira F. Suitor, Derby Academy, Derby, Vermont 

Howard I. Wagner, Laconia High School, Laconia, New 
Hampshire 


8 Schedule of Meetings 1947-1948 


February 14: Rhode Island State College, Kingston, 
Rhode Island 
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March 27: St. Thomas Seminary, Bloomfield, Connec- 
ticut 

May 8: Malden High School, Malden, Massachusetts 
(Annual Meeting) 

August 22-28: Tenth Summer Conference. University 
of Maine, Orono, Maine 
Note that it has been necessary to change the date of 

the meeting at St. Thomas Seminary from April 3 to 

March 27. 


® Officers for 1947-1348 


Eldin V. Lynn, President, Massachusetts College of 
Pharmacy, Boston 15, Massachusetts; Dorothy W. 
Gifford, Secretary, Lincoln School, Providence 6, Rhode 
Island; Lawrence H. Amundsen, Editor of the Report, 
University of Connecticut, Storrs, Connecticut; Mil- 
lard W. Bosworth, Immediate Past President; John R. 
Suydam, Vice-President; Carroll B. Gustafson, T'reas- 
urer; Leallyn B. Clapp, Southern Division Chairman; 
Helen Crawley, Central Division Chairman; Jean V. 
Johnston, Western Division Chairman; Donald C. 
Gregg, Northern Division Chairman; Ralph E. Keir- 
stead, Curator; Elbert C. Weaver, Chairman Endow- 
ment Fund; S. Walter Hoyt, Auditor. 





.A SUMMARY OF RECENT DEVELOPMENTS IN CELLULOSE AND CELLULOSE DERIVATIVES 
(Continued from page 96) 


creasing substitution, but the softening temperature 
turns sharply upward as one approaches the trisubsti- 
tuted derivative. This sharp increase in softening 


point contributes to the inability to mold high-substi- 


tution products. 

With the advent of the many synthetic polymers over 
the past 15 years, the casual observer has had a tend- 
ency to look upon these products as newer and there- 
fore more glamorous than cellulose derivatives which 
formed the basis of our modern plastics industry. How- 
ever, as the plastics industry became more diversified 
and the requirements more clearly defined, the research 
chemists in industrial laboratories have been extremely 
active in preparing “tailor-made’’ cellulose derivatives 
to meet the requirements of each industry. During 
this period, several types of cellulose acetate have been 
developed to improve moisture resistance and to resist 
deformation at elevated temperatures. Other cellulose 
ésters, such as cellulose acetate butyrate and cellulose 
propionate, have been developed for selected proper- 
ties, especially high’ impact strength, good moisture re- 
sistance, and ease of molding. Also, to fit into this 
field, ethyl cellulose has been developed from the labora- 
tory stage into the commercial applications where ex- 
trerne functional properties are required. 

li should be understood that cellulose derivatives 
are not used in the plastic industry without compounding 
with other ingredients. In all cases, modifiers (called 
plasticizers) are required to simplify fabrication and to 
increase the versatility of the compositions. Thus, 


with the same cellulose derivative, it is possible to pro- 
duce soft, low-melting compositions as well as hard, 
high-melting mixtures. An enormous amount of effort 
has been expended in the preparation and evaluation of 
plasticizers as well as the nature of polymer-plasticizer 
interaction. 

As a result of the work of investigators over the past 
100 years, there is a wealth of information from which 
we can predict the properties of new cellulose deriva- 
tives. Many industrial laboratories are engaged in 
the study of these materials, and commercial develop- 
ment awaits the demands of the consuming industry 
and availability of intermediate chemicals necessary 
for cellulose conversion. 


‘ 
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Keceut- Gooke 


& TIME, KNOWLEDGE, AND THE NEBULAE 


Martin Johnson, Fellow of the Institute of Physics and of the 
Royal Astronomical Society. Dover Publications, New York, 1947. 
189 pp. 14.5 X 22cm. $2.75. ; 


Tue scope of the volume is aptly described as, “An intro- 
duction to the meanings of Time in physics, astromony, and 
philosophy, and the relativities of Einstein and of Milne.” 

The contents consist of three parts and two appendices. Part 
I involves a general discussion of physical notions of Time, and 
“the limitations to profitable contact between physics and phi- 
losophy.” Part II deals with the Lorentz-Einstein views of the 
relation between time and space, the displacement of spectral 
lines as observed in the distant nebulae and an analysis of Milne’s 
interpretation of these observations from a new point of view. 
Part III contains a critical discussion of the notions of Time, “in 
physical and mental sciences, in metaphysics, and in theory of 
scientific knowledge.”’ In Appendix One some of the fundamen- 
tal concepts in atomic and astronomical physics are presented in 
nonmathematical form, while Appendix Two deals with “the 
application of Milne’s time-scales to the structure of spiral nebu- 
lae.”” E 

According to Milne, dynamical or 7 time is proportional to the 
logarithm of kinematic or ¢ time. Hence, “any picture of inter- 
vals on the one time scale as equally spaced will be comparable 
with intervals of decreasing size on the other scale, so that in the end 
an infinite number of such intervals on one scale would be needed 
to correspond to the final unit space on the other.” In terms of 
this difference between the ¢ and 7 scales it is possible to account 
for both the spiral form of the nebulae as well as their apparent 
recession. The explanation offered for this observation is that 
the “radiation from distant nebulae emitted sufficiently long ago is 
being intercepted terrestrially by material whose atoms have 
advanced in frequency on the 7 scale, so that the incoming spec- 
trum appears shifted towards red or lower frequency.” 

This is indeed a novel point of view and the reviewer must con- 
fess to a certain difficulty in comprehending both the logic by 
which it has been deduced and the conclusions. 

To those not familiar with such mathematician philosophers as 
Whitehead, the discussion by the author, while extremely logical 
and stimulating, will undoubtedly prove not at all easy reading. 
However, those readers who may be interested in Milne’s views 
and their relation to Einstein’s theory will find in the present 
volume a relatively simplified presentation of a topic which has 
hitherto received attention only in highly theoretical publications. 


SAUL DUSHMAN 


GENERAL Evectric Company 
Scuenectapy, New York 


& FUNDAMENTAL CHEMISTRY: AN ELEMENTARY 
TEXTBOOK FOR COLLEGE CLASSES 


Horace G. Deming, Professor of Chemistry, University of 
Nebraska. John Wiley & Sons, Inc., New York, 1947. xvi + 
745 pp. 14 X 2lcm. $4. 


Tus is a book intended for the intelligent student who is 
planning a career in science. The contents, especially those 
dealing with the theoretical aspects of chemistry, are covered so 
comprehensively that the book will be appreciated not only as a 
text but as a book to review when the student is engaged in more 
advanced study. Indeed, by omitting obsolete or historical ma- 
terial, “anecdotes about the alchemists, lists of formulas and 
equations to be memorized, meaningless lists of properties and 
uses, superficial descriptions of antiquated industrial processes,” 


etc., the author has been able to put into 745 pages an amazing 
amount of*chemical fact and theory, presented in a thoughtful 
and thought-provoking manner and in a style which is easy to 
read and seldom ambiguous. 

Numerous topics not often found in general chemistry texts 
are introduced and discussed in a manner calculated to hold the 
interest of the superior student. In the earlier chapters certain 
of these sections are marked so that they may be omitted if de. 
sired without disturbing the continuity of the development. The 
molal heat capacities of gases at constant pressure and at con. 
stant volume are brought in, and the relation between the ratio of 
these specific heats and the-velocity of sound in a gas is mentioned, 


_(From the point of view of the beginner this discussion might be 


clearer if the units used in expressing heat capacities were made 
more definite. Even in the:discussion of the law of Dulong and 
Petit on page 165, the heat capacity of most solid crystalline ele. 
ments is stated to be roughly 6 to 6.4—numbers only—and the 
units involved are explained separately.) Other topics which 
distinguish this text are: viscosity; surface tension; the hydro 
gen bond; the development of crystal forces; and, under nuclear 
chemistry, the reactions leading to the preparation of the atomic 
bomb. In the appendix are found discussions of units and di- 
mensions, with suggestions concerning the derivation of units and 
the cancellation of dimensions—material usually omitted entirely 
from an elementary book, but important enough to have justified 
its inclusion in a more prominent position. 

The principles of electrochemistry are used freely throughout 
the book, and the entire chapter on electrochemistry might have 
been transferred to an earlier position instead of being left in its 
traditional place among the metals. Twenty-one pages are de- 
voted to this chapter and a great range of topics is discussed. 
However, since all too frequently even students with a year of 
physics behind them are puzzled by electrochemical concepts, the 
chapter could be improved by further elaboration. Some of the 
illustrations relating to electrochemical processes could be made 
clearer; for example, the diagram of the Vorce cell (p. 236) does 
not indicate that the electrolyte comes into contact with the 
cathode at all. 

Many sections have been completely rewritten for this second 
edition. The topic of hydrolysis has been combined with ionic 
equilibria and expanded into an important chapter of 30 pages. 
Topics covered in this chapter include the electronic theory of 
acids and bases, conjugate acids and bases, buffers, the acid ex- 
ponent (pK), and indicator tables with the pH range of the color 
changes. This chapter could well be consulted by students in 
qualitative analysis for a clear and interesting exposition of topic 
usually postponed to the second year. The symbol pH is stated 
in a footnote to imply that the hydrogen ion index is measured by 
the potential of a hydrogen electrode; the student may be puzzled 
by this statement since considerable space is devoted to colorimet- 
ric methods, and since the pK is introduced without reference to 
potentiometry. 

Very few ambiguities are found in the text. However, water 
is stated on page 389 to be present in unit concentration in dilute 
solutions, a confusing statement since the units for expressing 
concentrations have just been defined as moles per liter. On page 
225 the word “salt’’ is declared to have been made somewhat 
ambiguous by developments of the last few years. The term is 
not entirely clarified in this text, since on page 162 Alt** is 
mentioned as a cation with a triple charge; later (p. 284) it is 
pointed out that aluminum chloride has the formula Al,Cl,, and 
that it is a covalent compound; while on page 225 this substance 
is called a nonionic salt. On page 95 it is strongly implied that 
acetic acid forms insoluble salts with metals, and this idea is rein- 
forced by a question in the exercises at the end of the chapter. 

The general appearance of the book is attractive, and it is 
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strongly bound. The continued paper shortage is reflected in the 
narrowness of the page margins. Typographical errors have 
been reduced to & very small number and these are usually of no 
importance; the only one found which appears likely to confuse a 
siudent is the formula for persulfuric acid, written H,S.0, on page 
363, and this formula is given correctly on the next page. 

The few minor imperfections mentioned do not detract from 
the general excellence of the book. The author has assumed an 
intelligent interest on the part of the student, and has written as 
though in response to that interest. He has expected the student 
to have a reasonably adult general vocabulary, but his definitions 
of technical words at the end of each chapter are carefully and 
clearly stated, and constitute one of the notable features of the 
work. The exercises are well graded, and questions are fre- 
quently worded so as to require a thoughtful answer. Numerical 
problems have their answers given as significant figures without 
units or a decimal point; the reasoning pores of the student is 
expected to supply both. 

The final chapter, called “Chemistry and the Spirit of Science,” 
is important, and is a satisfactory conclusion to a text which pre- 
sents chemistry not as a collection of facts but as a manner of 
thinking. The literary quality of the book is high throughout. 
Many an instructor as well as student will be stimulated by the 
piquancy and imagination of the writing. 


PERRY Y. JACKSON 
Sr. Pergr’s CoLLEGE 
Jersey Ciry, New Jersey 


€ BACTERIAL CHEMISTRY AND PHYSIOLOGY 


John R. Porter, Department of Biochemistry, State University of 
Iowa. John Wiley & Sons, New York, 1946. 1073 pp. 2 in- 


dexes. $12. 


BACTERIOLOGY has always been a mixed science drawn from 
widely separated and intensively developed specialities. Medi- 
cine, agriculture, the fermentation industries, and other unrelated 
technologies profited immediately with its development, and as 
Waksman has pointed out, the ends so dominated and formed the 
means that there is no consistent system in bacteriology asa 
scientific discipline. 

This is particularly true of the development of our insight into 
the chemical and physiological processes associated with bacterial 
growth, The honest man who attempts an integrated account of 
our current status should have, along with technical qualifi- 
cations, the spiritual toughness of a surplus property depot super- 
intendent. Few universities offer special courses in the bio- 
chemistry of bacteria, and the fraction of general physiology at 
either undergraduate or graduate levels that treats bacterial 
phenomena is usually insignificant. The State University of 
Iowa has for many years offered outstanding advanced training, 
and Professor Porter’s book grows from this advantage; it is de- 
signed to accompany classroom and seminar discussions, though 
its uses are much wider. 

In the chemical library ‘‘Bacterial Chemistry and Physiology” 
will have major value as a reference and guide to the bacteriological 
literature. The first chapter, dealing with the physical-chemical 
phenomena recognized in bacterial processes is a simplified state- 
ment; but the second chapter, fifty pages, on growth and death 
rates, is essential thinking outside the usual formal training of 
chemists and is a first step in preparing them for work with living 
bacteria. 

Approximately two hundred pages are given to describing the 
physical, chemical, and biological conditions for bacteriostasis 
and disinféction; these two chapters form a compressed, modern 
treatment of the work and theories of disinfection. The coverage 
of recent literature is excellent. The last four chapters on the 
general and special metabolic requirements of bacteria and fungi 
and the practice and control of commercial fermentation proc- 
esses is spadework for the research biochemist. It is difficult to 
estimate the miles of library stack search that Professor Porter’s 
chapter bibliographies will save in the next ten years, but it may 
be worth remembering that it has been twenty or more years 
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since Buchanan and Fulmer’s extensive treatment of the earlier 
field. I find myself feeling very grateful. 

In most places the book reads smoothly and the discussions 
hold together despite the inevitable interruptions that come with 
frequent citations. There are many tables; these have been 
selected and assembled with evident care, and form one of the 
most useful reference features of the book. 


CHARLES E. RENN 


Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


9 COLLOID SCIENCE, A SYMPOSIUM 


E. K. Rideal and ten collaborators. 
Inc., Brooklyn, N. Y., 1947. 
$6: 


Chemical Publishing Co., 


x+208pp. 32figs. 14 X 22cm. 


Tue TExT of this symposium was taken from a series of lectures 
given as a course in colloid science at Cambridge University, 
England, under the auspices of the Royal Institute of Chemistry. 

Insoluble monolayers at various interfaces, adsorbed films at 
the solid-liquid interface, the stability of emulsions and foams, the 
structure of micelles, X-ray analysis of colloidal systems, vinyl 
polymerization in the liquid phase, the viscosity of macromole- ° 
cules in solution, the study of macromolecules by ultracentrifuge, 
electrophoresis and diffusion measurements, and the thermody- 
namics of colloid systems are the main subjects treated. 

The presentation is supported by unusually well-chosen re- 
ferences and discussion of conflicting points of view is fair and 
open-minded, not condescending. Laurence is quoted as having 
shown that the famous Pickering emulsion, 99 per cent by volume 
of oil, is only a continuous oil phase thickened by a mass of hy- 
drated soap crystallites. This error ‘‘appears in all text-books,”’ 
including the reviewer’s. Discussing the kinetic theory of high 
elasticity R. F. Tuckett states that in natural raw rubber the 
double bonds are quite rigid—the necessary rotation comes from 
the single bonds. In GR-S synthetic rubber it is probably the 
butadiene to butadiene links which give the polymer its elasticity. 
J. H. Schulman gives a very interesting explanation of the mech- 
anism of the passage of fat through the intestinal wall. 

This little book is highly stimulating, of great value to bio- 
chemists, physicists, industrial chemists and, of course, to colloid 
chemists. It is well written and well printed. 


HARRY N. HOLMES 
OBERLIN COLLEGE 
OseEr.in, OnI0 


9 ELEMENTARY NUCLEAR THEORY: A Short Course 


in Selected Topics 


H. A. Bethe, Professor of Physics, Cornell University. John 
Wiley & Sons, Inc., New York, 1947. vi + 137 pp. 17 figs. 14 
X 22.5cm. $2. 50. 


As CLEARLY stated by the author in the preface, ‘This book is 
not meant to be a textbook of the theory of atomic nuclei.” This 
short volume (121 pages exclusive of the appendix) follows a 
series of lectures given by Professor Bethe at the Research 
Laboratory of the General Electric Company in which the basic 
thesis was the nature of nuclear forces. The explanation is 
carried out to a large extent in terms of the interactions of free 
protons and neutrons and of the simplest nuclear system, the 
deuteron. Pages 23 to 97 contain a quantitative treatment of 
these nuclear properties in which such subjects are dealt with as 
the quantum mechanical expression for deuteron binding, neu- 
tron-proton and proton-proton scattering, types of nuclear forces 
and the saturation character of the basic nuclear force. 

After the treatment of nuclear forces, two other topics are taken 
up in chapters of some twelve pages each. These are the theory 
of beta disintegration and the theory of the excited compound 
nucleus. In the first of these chapters theres provided a welcome 
up-to-date account of this important process. The second has to 
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do with the theory covering the mechanism of induced nuclear 
reactions. 

This book, written by one of the foremost theoreticians on 
nuclear structure, includes the most recent thoughts on the par- 
ticular topics chosen, and the treatment is concise. In addition, 
the first six short chapters (22 pages) provide an excellent de- 
scriptive treatment of general basic nuclear properties and proc- 
esses. However the reading of most of the book will be most re- 
warding to those who have some facility with the mathematics 
and concepts of quantum mechanics. 

An 18-page appendix consists of a ‘‘Table of Nuclear Species.” 


I. PERLMAN 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


© PHYSIKALISCHE CHEMIE 


Werner Kuhn, Professor in the University of Basel, Switzerland. 
Third Edition. B. Wepf und Cie., Verlag, Basel, 1947. xi + 374 
pp. 27figs. 12 X18.5cm. Francs (Swiss), 15. 


THE PuRPOSE of the author was to write a short, easily under- 
‘standable textbook which, in spite of its brevity, should not give 
a too superficial survey of physical chemistry. In this respect he 
has been successful, for although the book is much shorter than 
comparable American texts, the treatment is usually very 
thorough. The material is divided into twelve sections with the 
following titles: Introduction (6 pages); Influence of Tempera- 
ture on Physico-Chemical Systems (39 pages); First Law of 
Thermodynamics (32 pages); Second Law of Thermodynamics 
(24 pages); Determination of A;yey. in Chemical Reactions 
(31 pages); Dilute Solutions (42 pages); Electrolytes (71 pages); 
Dependence of Chemical Equilibrium on Temperature (30 pages); 
Nernst Heat Theorem (28 pages); Rates of Chemical Reactions 
(34 pages); Surface Tension (7 pages); Colloids (14 pages). 
The arrangement of the topics within these sections is often some- 
what unconventional, as witness the second section which deals 
with equations of state, atomic volumes of solids, molar volumes 
of liquids, parachor, equations of state of gases, compressed gases 
and heated liquids, vapor pressure, critical phenomena, solubility 
of solids, solubilities of gases and liquids, mixtures of gases, heat 
quantities, heat capacities, work accompanying volume changes, 
and forms of energy. All this within the compass of 39 small 
pages! 

Like virtually all books, this one suffers from a number of mi- 
nor defects, but its main weakness lies in what should have been 
one of its chief sources of strength. Thermodynamics is intro- 
duced at an early stage, and there are frequent references through- 
out the book to this important aspect of physical chemistry. 
Nevertheless, in the opinion of the reviewer, the thermodynamic 
treatment is unsatisfactory. In the first place, the author still 
makes use of the confusing and obsolete symbolism which was all 
too common a quarter of a century ago. The letter A, for ex- 
ample, is used to represent the function A, as well as a change in 
this function accompanying a change in state. The lack of a 
clear distinction between the work function and the free energy, 
which was quite common in the older thermodynamics texts, per- 
sists here and inevitably leads to difficulties. Finally, the third 
law of thermodynamics is treated in the lengthy and complicated 
manner based on the Nernst heat theorem, and would appear to 
be beyond the comprehension of the type of reader for whom this 
book is intended. 

That the book has been successful in Europe is indicated by the 
fact that the present edition is the third. Its chief use in English- 
speaking countries, however, would be to help students in their 
reading of chemical German. Provided the thermodynamics 
sections are avoided, the book can be recommended for this pur- 
pose, as it is written in an unusually simple style. 


SAMUEL GLASSTONE 
Boston CoLLeGn 
Cuestnout HILL, MASSACHUSETTS 


JOURNAL OF CHEMICAL EDUCATION 


& POWDER METALLURGY 


H. H. Hausner, Consulting Engineer, Research Associate, New 
York University, Research Consultant, Rutgers University. Chemi. 
cal Publishing Co., Inc., Brooklyn, N. Y., 1947. x°+ 296 pp. 
66 figs. 15 X 23cm. $7.00. 


“PowpER METALLURGY” is a book that, in the author’s words, 
**,. is not intended to give a complete picture of powder metal- 
lurgy.” This is certainly true. Chapters 2 and 3 (25 pp.) on 
principles and methods of manufacture leave much to be desire: 
in the discussion of the subjects indicated, chiefly because of ex. 
treme brevity and lack of numerical data. Chapter 4, Metal pow- 
ders and their applications (11 pp.), is extremely brief and gives 
token coverage of the subject. Chapters 5 through 10 (117 pp. 
give tabular and graphical correlation of product physical prop- 
erties with the principal manufacturing process variables such as 
particle size, compacting pressure, sintering temperature, cold 
and hot working, and composition. These correlations, in mos‘ 
cases reproduced from current literature on the subject, represen: 
a good summary for ready reference. Chapters 11 and 12 (139 
pp.) constitute a fairly comprehensive bibliography on the sub- 
ject of powder metallurgy. 

In general, the book constitutes a library reference on physical 
properties versus process variables and a good bibliography. 


M. VAN WINKLE 
University or Texas 
Austin, TExas 


& SS IN ORGANIC SYNTHESIS—Part 1, Ali- 
phatic 


Jacob G. Sharefkin, Professor of Organic Chemistry, Brooklyn 
College. Thomas Y. Crowell Company, New York, 1947. iv + 
60pp. 15 X 23.5cm. 


Tuis booklet, according to the author, is designed to emphasize 
“the principal objective of the study of organic chemistry,” 
namely ‘‘the ability to prepare new and more useful organic com- 
pounds.” The author maintains that: (1) the application of 
general preparative methods to specific synthetic problems is a 
superior method of teaching this technique, (2) the necessity of 
choosing a specific reaction focuses attention on the limitations 
and the efficiency of the available methods; and (3) the ability of 
solving a problem on paper gives the student a sense of achieve- 
ment. 

The topics considered are organic syntheses, aliphatic hydro- 
carbons, alky) halides, alcohols, olefins and acetylenes, carbony] 
compounds, mono carboxylic acids, malonic and acetoacetic ester 
synthesis, amines, aJkyl cyanides, structure of molecules, and 
stereoisomerism. 

The author first presents some typical procedures in each sec- 
tion and then proposes some problems, which he proceeds to 
analyze and solve from a purely theoretical approach. No con- 
sideration is given to experimental conditions. It is, as the 
author indicates in the preface, a paper approach to the develop- 
ment of a logical type of thinking. 

The book is written at the elementary level and should serve as 
a useful tool to beginning students of organic chemistry. 


ED. F. DEGERING 


Purpur UNIVERSITY 
LaFayette, INDIANA 


Ty INORGANIC CHEMICAL NOMENCLATURE 


Lloyd McKinley, Professor of Chemistry, University of Wichita, 
Wichita, Kansas. University of Wichita Bookstore, Wichita, 
Kansas, 1947. ii+37pp. 21 X27.5cm. Thecost per copy in 
lots of 100 is $0.28, list price is $0.35. 


Tus is essentially a workbook, or “an elementary manual 
emphasizing rules for naming compounds and writing formulas.’’ 





Bust by Pomery 


Sir William Henry Perkin 


(‘See page 149) 
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Perruaps it is time we try to make the atom less 
theoretical. Inevitably, the field of atomic structure 
will be one of the most ‘theoretical’ in all physical 
science, but we might at least remove the atom itself 
from the realm of speculation. Maybe it will be news 
to some that the atom is still a theoretical postulate, 
but according to most of the textbooks it is. 

We feel it so necessary to illustrate the workings of 
the “scientific method” that we may be overdoing it. 
The postulates of the Atomic Theory become the con- 
venient means of explaining the laws of chemical com- 
bination, and at this point most of us digress to deliver 
a lengthy sermon on the logic of inductive reasoning, 
leaving the impression that this was the way in which 
the atomic theory was established and that the atom 


was a concept to explain certain observed facts. 
Of course, this is instructive, important, and true as 


far as it goes. But it is probably fortunate that our 
students do not absorb all this, for the formulation of 
the atomic theory was not altogether an inductive 
process, and, certainly its development since the days 
of Dalton has not been entirely according to that 
pattern. 

The things that have taken place in the last few 
years, especially the events of Alamogordo, Hiroshima, 
Nagasaki, and Bikini have definitely brought “the 
atom” out of the category of the merely theoretical. 
We have taken this all in, but perhaps we have here 
another example of the time lag between the occurrence 
of things and their appearance on page 23 of our text- 
books. Doesn’t this have a bearing on our method of 
thinking in an early chapter? 








Quite rightly, we distinguish between fact and theory. 
The theory is the result of our imagination in the effort 
to explain the things observed. When the atomic 
theory was first formulated there were some who 
admitted its value but warned that while matter 
behaved as tf it consisted of discrete particles, never- 
theless it was inconceivable that such particles actually 
existed. This view was perfectly consistent with the 
scientific method, and, indeed, we have many useful 
examples today of such reasoning. 

Since, in the original hypothesis, atoms were so 
small as to be completely invisible they were by im- 
plication inevitably imaginary. It is quite possible, 
however, that a thing which we first imagine may later 
be actually discovered and observed, and it would 
seem that this has happened to our conception of the 
atom. Cloud chambers, Geiger counters, and other 
means of making individual atoms, and even smaller 
particles, visible and audible are so common that little 
is left to the imagination. There is, of course, a fine 
question whether one actually observes atoms with 
such instruments, but in a sense they merely extend 
our senses into the invisible, as do telescopes and 
microscopes. * How directly do we have to see a thing 
to call it a fact? Do we have any less direct perceptual 
evidence of the reality of atoms than of the existence 
of twelfth magnitude stars? 

Maybe it is time we stop talking about the atomic 
theory. At any rate, let us be realistic in dealing with 
the scientific method. A study of the way in which 
science has developed should be more instructive than 
a series of rules for logical thinking. 








Chemical Education in American Institutions 
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Cuemisrry nas held an impressive position at The 
Pennsylvania State College since the very beginning of 
the institution. The first President, Dr. Evan Pugh, 
was a renowned chemist who had studied abroad six 
years before entering upon his administrative duties. 
He received his Ph.D. degree at the University of Gét- 
tingen but studied also at the Universities of Leipsig and 
Heidelburg. His last two years abroad were spent in 
the laboratories at Rothamstead, England, where his 
investigations received. such recognition that he was 
elected a Fellow in the Royal Philosophical Society of 
Great Britain. 

To follow the development of chemistry at The 
Pennsylvania State College it should be mentioned that, 
while its history is that of a land-grant institution, its 
founding anticipated the passage of the Morrill Act by 

‘nearly ten years. Its establishment resulted from a 
feeling among men of education and vision that a need 
existed for a type of education different from that 
offered by the classical colleges of the period. It was, 
therefore, one of the early ‘technical institutions’’ 
whose aim was to train students who did not expect to 
enter what was then designated as the learned pro- 
fessions. Since the basic plan was to substitute a 
scientific education for the study of Latin and Greek, it 
was natural that the first program should stress mathe- 
matics and the biological and physical sciences. Rea- 
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sonable emphasis was placed on English since this was 
essential in any plan of education. 

The institution has.grown far beyond the dreams of 
its founders, and Schools of Liberal Arts, of Education, 
and of other divisions of learning have been added. 
Nevertheless, the technical program, that for chemistry 
included, was so firmly established in the early days 
that no serious interruption has ever occurred. 

In its applied form chemistry is an important factor 
in several divisions of the College. This article will deal 
with the work of the Department of Chemistry 
in which, for administrative purposes, industrial 
chemistry and chemical engineering have been in- 
cluded. This leaves untold a large story of agricultural 
and biological chemistry in the School of Agriculture, 
and of ceramics, fuel technology, etc., in the School of 
Mineral Industries. 

Since many of the early staff members in chemistry 
studied abroad the European influence has_ been 
strongly manifested. Experimental work has always 
been he&vily stressed, and one of the first provisions by 
Dr. Pugh was for a laboratory for chemistry. {If a motto 
had been appropriate it would certainly have been 
“learn by doing.” The rapid growth of the institution 
has at times made the laboratories badly crowded, but 
the department has been fortunate in never having been 
without an adequate supply of good equipment. 
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UNDERGRADUATE PROGRAM 


In the undergraduate field the function of the depart- 
ment is to provide professional training for the B.S. de- 
gree in chemistry and in its service capacity to fur- 
nish basic training in chemistry for students in other 
technical fields. For many years every student in the 
College was required to take one or more courses in 
chemistry. In recent years, students in the Schools of 
Liberal Arts and Education have taken a lecture course 
in the physical sciences. 

Two courses in beginning chemistry are offered but 
the division does not follow conventional lines, 7. e., one 
course for students who have had a year of high-school 
or preparatory school training in chemistry and the 
other for those who have not had such training. 
Practically all students dealt with have had a year 
of chemistry or physics and most of them have had 
both subjects. Consequently the division is based 
on whether or not their proposed program requires 
one year of chemistry or more than one. The be- 
ginning course for those who plan to take one 
year of chemistry follows the usual pattern of a 
course in general chemistry. The other course does 
not. Topics which will be covered more adequately 
later in other courses are omitted in order to pro- 
vide time for a more thorough consideration of the top- 
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‘and two years of physical 


choice must be made of ad- 
4 vanced courses in the vari- 
jous fields of chemistry to 


ics included. Qualitative analysis is completed in the 
second semester of this course. Throughout the year’s 
work calculations, equations, chemical principles and 
their mathematical applica- 
tions are heavily stressed in 
order to furnish proper back- 
ground for the courses in 
analytical chemistry and 
physical chemistry which 
are to follow. 

Candidates for the B.S. 
degree in chemistry and 
chemical engineering will, 
naturally, take the course 
just described. The treat- 
ment is rigorous and fatal- 
ities are appreciable in 
In addition to 


in chemistry requires the 
completion of one year of 
analytical chemistry, one 
year of organic chemistry, 





chemistry. Semester 
courses in advanced inor- 
ganic chemistry, industrial 
chemistry, technical analy- 
sis, and chemical micros- 
copy are also required and 
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complete the senior year. In order to give the student 
more opportunity for independent work than is usually 
afforded in organized courses, a senior thesis based upon 
experimental work is required. The curriculum in 
chemical engineering has essentially the same require- 
ments in chemistry, except that a half year of analytical 
chemistry suffices and the elective courses in chemistry 
in the senior year are omitted. 

In both curricula, mathematics through calculus and 
a year of general physics are prerequisites for physical 
chemistry. Unquestionably the curricula are heavier 
than average in their requirements in physical chemis-— 
try. The program has been in operation for nearly 
twenty years and the results have been satisfactory. 
It is to be expected that a reasonable number of 
students prove unequal to the task and must seek other 
lines of endeavor. Of necessity the curricula are heavy 
in technical subjects. However, essential training in 
other lines is provided. A thorough training in Eng- 
lish composition is required, as well as three semesters 
of German. Students in the chemistry curriculum may 
elect French or Russian and an increasing number now 
take the latter language. Criticism is sometimes di- 
rected toward technical curricula, perhaps not wholly 
without justification, because of their fixed require- 
ments. However, it is of interest to note that in our ex- 
perience students in a technical curriculum, when given 
a free choice of electives, will almost invariably select a 
technical subject. 

It may be stated without apology that the scholastic 
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requirements in chemistry have always been rigid. The 
‘weeding out” process is somewhat severe in spite of 
the fact that The Pennsylvania State College has had to 
limit its enrollment for many years and, consequently, 
ean fill its quota with students from the upper fifths of 
their high-school classes. Naturally some students are 
attracted to chemistry by the descriptive side of the sub- 
ject and are unwilling or unable to undergo the disci- 
pline necessary to master its mechanics and the mathe- 
matics essential for a sound foundation. In general, 
students are reluctant to leave these curricula and usu- 
ally do so only when scholastic deficiencies permit no 
choice. 

At the present time these curricula have over 1600 
living graduates, most of whom are engaged in chemical 
work. This tendency to cling to professional lines has 
long been characteristic of Penn State graduates in 
chemistry and chemical engineering. 

Students in other technical fields, who need a back- 
ground in chemistry, take the same courses as students 
in chemistry and chemical engineering but may termi- 
nate their training when their specific requirements have 
been met. Virtually all will take a semester of quantita- 
tive analysis. From this point they will divide. In 
some fields a year of organic chemistry is essential while 
in others a year of physical chemistry may be preferable 
and in still others a year each in organic chemistry and 
physical chemistry may be desirable. These students 
must meet the same standards as students in chemistry 
and chemical engineering. 

In so far as it has been possible to do so, special 
courses for students in technical fields related to chemis- 
try have been eliminated. The advantages of this are 
obvious. Also, with one exception, required coursés in 
chemistry are basic courses. The single applied course 
is a very brief one in technical analysis for which there 
seems to be ample justification. The basic courses 
in inorganic chemistry and qualitative analysis, 
quantitative analysis, and organic chemistry are five- 
credit courses (semester credit hours), ten credits for 
a year’s course. More advanced courses carry either 
three credits or five credits. The requirements are, 
in general, appreciably above those set up by the 
Committee on Professional Training of the American 
Chemical Society. 

In a normal year between 3000 and 3500 students will 
be enrolled each semester in courses in chemistry. In 
the last fifty years, for which records are reliable, ap- 
proximately 50,000 students have taken two or more 
semester courses in chemistry. 


GRADUATE PROGRAM 


Although advanced instruction dates back to 1862, 
only a limited amount of space or of the efforts of the 
staff could be devoted in the early days to this type of 
work. That this was of necessity and not from lack of 
appreciation of its value is evidenced by the fact that a 


normal percentage of the graduates in chemistry con- . 


tinued in graduate work elsewhere. Many studied at 
Jerman universities, a common practice at that time. 


JOURNAL OF CHEMICAL EDUCATION 


With the establishment of the Graduate School in 
1921, a formal program of advanced study in chemistry 
leading to the M.S. and Ph. D. degrees was inaugurated, 
Admission to this program is not granted on the attain- 
ment of the Bachelor’s degree alone. A scholastic aver- 
age of 1.5 (75 per cent) for the last two years of under- 
graduate work is an essential requirement. While it is 
recognized that not all institutions maintain the same 
scholastic standards, the screening effected by this re- 
quirement has proved satisfactory. Some years ago, 
examinations were given to all students before starting 
a graduate program but they: did not prove very conclu- 
sive in determining promise for graduate study and re- 
search and were not wholly satisfactory for determining 
deficiencies in preparation. Graduates of smaller insti- 


tutions are often excellent graduate material although f 


sometimes deficient in background. Somewhat similar 
examinations are now given at the end of the first se- 
mester or first year of graduate work, usually the latter. 
These examinations are not required by Graduate 
School regulations but have been very useful in chemis- 
try in helping to determine who should be encouraged 
to continue beyond the Master’s degree or, in .a few 
cases, for that degree itself. The grade requirement for 
admission is usually adequate to determine a student’s 
ability to learn, but it leaves largely unsettled the ques- 
tion of his imagination, initiative, and resourcefulness. 
The average undergraduate program is not too helpful in 
determining these qualities and final proof must come 
from the student. For this reason some independent 
work is included in his beginning program as a graduate 
student. 

Normally the department uses thirty-five to forty 
graduate assistants who are permitted to carry two- 
thirds of a graduate schedule. These appointees serve 
as laboratory assistants or as assistants in research. 
An average of 2.0 (80 per cent) for the last two years of 
undergraduate work is necessary to qualify for an ap- 
pointment. Approximately a fourth of this group will 
be replaced each year because of graduation. The de- 
partment also appoints a number of fellows who have 
no departmental duties and are permitted—also obliged 
—to carry a full schedule of graduate work. Fellow- 
ships are usually filled by the appointment of graduate 
assistants who have served from one to two years. 
Graduate assistants who complete their graduate pro- 
grams and others who are promoted to fellowships per- 
mit a satisfactory number of new appointments each 
year. 

In accordance with the practice in most institutions 
with a graduate program, course work is largely con- 
fined to the first year and a half, or in the case of gradu- 
ate assistants, the first two years of graduate study. 
Since a candidate must look forward to comprehensive 
examinations the early program gives consideration to 
the four main fields of chemistry and specialization 
comes later. One invariable requirement for all majors 
in chemistry and for all students in other departments 
taking a full minor in chemistry is a year’s course in 
physical chemistry. This requirement must be observed 
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whether or not a student 
enters with the Master’s 
degree and has had a 
graduate course in this 
field. Active participa- 
tion in seminar throughout 
the period of graduate 
study is also obligatory. 
There is no specified num- 
ber of courses or credits 
for the attainment of the 
Ph.D. degree. A program 
consists of such a combi- 
nation of courses and re- 
search as is approved by 
the individual student’s 
group committee. 

Not later than a year 
before the expected attain- 
ment of the Ph.D. degree 
the student must take 
comprehensive examina- 
tions in the four main 
fields of chemistry with a 
special examination in the 
field of his major. All ex- 
aminations must be passed 
independently of each 
other. Prior to taking 
these examinations the candidate must demonstrate a 
reading knowledge of French and German. Substitution 
of another language can be arranged but is seldom done, 
although Russian promises to become an acceptable one. 
The final oral examination does not include a reéxami- 
nation of a candidate’s general knowledge of the field 
except in so far as may be necessary to determine the 
soundness of the work upon which the thesis is based. 
Not infrequently the examination will have little bearing 
on the thesis but will be devoted to determining the 
candidate’s development in those qualities which are 
essential for future productive work in chemistry. 

The inauguration of an extensive program of gradu- 
ate study and research in chemistry at The Pennsyl- 
vania State College is relatively recent in comparison 
with many institutions of its own or lesser age. The 
department has had an enviable record for close to 
seventy years in training students for the B.S. degree in 
chemistry and industrial chemistry. Graduate work 
leading to the M.S. degree had been continuously in 
progress, but the rapid increase in college enrollment 
stressed facilities to the utmost and further expansion 
of the graduate program was considered inadvisable 
until this condition was relieved. When the time ar- 
rived the program was extended by the admission of a 
small and carefully selected group of graduate students. 
The same standard of selection has been maintained but 
the pressure for admission has been very great and for 
several years admissions have had to be limited atsap- 
proximately one hundred, most of whom expect to be- 
come candidates for the Ph.D. degree. In the last 
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twenty-five years 385 students have earned the M.S. 
degree and 220 the Ph.D. degree. In this period the 
number of research publications appearing in the vari- 
ous scientific journals was over 700. 

The policy of the department has been for students 
studying in the same field to work in a general labora- 
tory when the type of problem permits this practice 
with safety. The stimulus of close association with 
other graduate students. has proved invaluable. 


SPONSORED FELLOWSHIPS 


Many industrial firms, appreciating their obligation 
to colleges and universities in training men for service 
in the chemical industry, have established fellowships 
without restriction as to the field of study and without 
obligation on the part of the recipient to accept employ- 
ment upon completing graduate work. These are very 
generous provisions and acceptable without reservation 
on the part of educational institutions. In common 
with other institutions The Pennsylvania State College 
has a number of such fellowships. With few ex- 
ceptions they are filled by the appointment of students 
in the last year of graduate work. 

The department also undertakes a limited number of 
research projects sponsored by industrial firms, often a 
group of industrial firms, when the investigations are of 
such a broad and fundamental character that they pro- 
vide proper training for-graduate students and the re- 
sults constitute suitable material for M.S. and Ph.D. 
theses. Permission for publication is granted. In 


general it has not been considered advisable to use the 
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facilities available for strictly applied research or for 
projects in which the results are restricted. Naturally 
this restriction did not apply during the war when all 
facilities were made available to the Government. 


ASSOCIATED LABORATORIES 


Closely associated on the campus with the Depart- 
ment of Chemistry are the Petroleum Refining Research 
Laboratory and the Ellen Richards Institute, both of 
which are divisions of the School of Chemistry and 
Physics. 

The Petroleum Refining Research Laboratory has 
been engaged for nearly twenty years in fundamental 
research on petroleum and its products, together with 
the physical, chemical, and engineering methods used 
inits refining. It is impossible to cite all of its activities 
here but much fundamental work on the operations in- 
volved in petroleum refining and in organic chemistry 
in general—distillation, extraction, catalysis, separation 
and identification of organic compounds, etc.—has been 
accomplished. Research assistants and part-time as- 
sistants may take work in the Department of Chemis- 


Tus parer gives the objectives and a description of 
the subject matter of courses on Thermodynamics for 
graduate students in chemical engineering. In June, 
1941, a similar paper (40) was presented at the Ann 
Arbor meeting, but this was directed at the under- 
graduate level. In contrast to the underlying theme 
of the 1941 paper, it has not been found necessary to 
devote as much attention to pedagogy. The problem of 
creating interest by showing application is no longer 
pressing, since most students beginning their graduate 
study have had some undergraduate thermodynamics 
in physical chemistry and in either mechanical or chemi- 
cal engineering departments. Our experience has 
shown that it is desirable to give a basic course for enter- 
ing candidates for the master’s degree who have not 
had the equivalent of our undergraduate course; other- 
wise, a third to a half of the semester will be spent on 
the First and Second Laws. Consequently, our gradu- 
ate courses.of instruction in chemical engineering 
thermodynamics are divided into this basic course and a 





1 Presented before The Chemical Engineering Division, A. S. 
E. E. Meeting, Minneapolis, June 18, 1947. 

2 Present address: 1700 So. Second Street, St. Louis 4, 
Missouri. 
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try leading to advanced degrees in chemistry or chemi- 
cal engineering. 

The Ellen Richards Institute carries on research in 
the relation of chemistry to problems in the broad fields 
of foods, clothing, and shelter. Investigations have 
centered largely in the chemistry of textiles, including 
detergents and detergency in their many ramifications; 
the chemistry of human nutrition, including methods of 


assessing nutritional status and of evaluating the nutri- } 


ent content of foods; chemistry in relation to certain 
types of household equipment as, for example, the as- 
sesment of the nutrient content of foods stored in dif- 
ferent types of refrigeration and freezing equipment; 
also the efficiency of operation of household and com- 
mercial laundry equipment, of commercial dry-cleaning 
equipment and of household cleaning equipment as 
measured by chemical and physical chemical techniques. 

Many of the activities of the Ellen Richards Institute 
are closely associated with the chemistry department 
and, as with the Petroleum Refining Research Labora- 
tory, provision is made whereby assistants in research 
may obtain advanced degrees in chemistry. 


GRADUATE THERMODYNAMICS IN 
CHEMICAL ENGINEERING: 


ROBERT YORK, JR.’ 
Carnegie Institute of Technology, Pittsburgh, 
Pennsylvania 


regular application course for master’s candidates and 
then a second-level course for doctor’s candidates. 
Each of these is described at length below. 


BASIC MASTER’S COURSE 


The objective of this basic course is to develop a 
thorough understanding of the First and Second Laws 
with practical problems, but definitely not including 
topics of the application course. 

The subject matter for this one-semester (16 weeks) 
basic course is much the same as outlined in the author’s 
1941 paper (40), although a few topics have been deleted 
because of the time available. The topics are similar to 
those given in Weber’s “Thermodynamics for Chemical 
Engineers”, (36) and include: fundamental concepts; 
First Law applied to closed and open systems; heat 
capacity; heat of reaction; perfect gases; gas compres- 
sors operating on perfect gases; Second Law including 
simple entropy calculations; free energy and availa- 
bility; power cycles; steam engines and _ turbines; 
refrigeration; and generalized P-V-T relations. 

The method of teaching is also similar to that em- 
ployed in the undergraduate course, except that the 
class, because of sma!ler size, is somewhat more infor- 
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mal, with the result that many discussions take place. 
The problems on each topic listed above are more com- 
plex than those in the undergraduate course and include, 
for example, filling and discharging a steam accumula- 
tor and evacuating a tank with a vacuum pump, in 
contrast to correspondingly simple problems on the 
same subject in the undergraduate course. 


MASTER’S APPLICATION COURSE 


The objective of our regular master’s course is to 
study and to develop an understanding of those topics 
in thermodynamics which will be useful and applicable 
to master’s candidates who will enter the chemical and 
petroleum industries. Such applications as power 
cycles, steam engines, and turbines, refrigeration, and 
gas compressors have already been mentioned in con- 
nection with the basic course and the undergraduate 
course (40). It is now desirable to take up methods for 
evaluating and estimating properties of compounds 
used in industrial processes; to show, at least in part, 
how these properties may be used for calculations in 
such unit operations as distillation, gas absorption, and 
solvent extraction; and to solve problems which cannot 
otherwise be solved. ; 

The subject matter included in this application course 
is somewhat as follows: 

Fugacity, Activity, and Isothermal Work of Separation. 
This includes a discussion of the terms used and prob- 
lems on the following: computing fugacity for a gas 
from its P-V-T relations and from generalized correla- 
tions; selection of standard states and calculation of 
activity; isothermal work of. separation, especially for 
systems with two volatile components by different 
methods (which are to be checked later for consistency 
by the Duhem equation).- 

Effect of Pressure, Volume, and Temperature on 
Thermodynamic Properties. This includes the deriva- 
tion and discussion of equations for the effect of pres- 
sure (or volume) and temperature on such properties as 
internal energy, enthalpy, entropy, free energy, and 
heat capacity: It includes a discussion of equations of 


| state and evaluation of properties for the two distinct 


cases: (a) when V and T are the independent variables; 
and (b) when P and T are the independent variables. 
Emphasis through problems is placed on the fact that 
case (a) gives equations (agreeing with the kinetic 
theory of gases) of the van der Waals, straight-line- 
isometric, Keyes, or Beattie-Bridgeman type, from 
which internal energy and entropy changes at constant 
temperature may be readily evaluated; and that case 
(b) gives equations of the volume-residual form, virial 
form, or the Goodenough, Callendar, or Linde type 
equations for steam, from which enthalpy and entropy 
changes at constant temperature may be evaluated. 
Such equations are applied to evaluate properties of 
steam, refrigerants, and hydrocarbons, including a dis- 
cussion of minimum data needed, method of handling 
data by algebraic and graphic methods, and checking 
the data for consistency from such other measurements, 
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for example, as Joule-Thomson coefficients and enthal- 
pies of vaporization. 

Generalized Correlations of Properties. This consists 
of the derivation of equations from P-V-T relations for 
properties on a reduced basis, that is, in terms of ratios 
to P, V, or T at the critical state. It consists of correla- 
tions obtainable from straight-line isometrics and the 
compressibility factor chart. It also consists of gener- 
alized correlations for P-V-T, fugacity, and isothermal 
variations in enthalpy and entropy. These correla- 
tions are applied to estimate and to compare results in 
isothermal enthalpy changes obtained by several 
methods for a gas such as methane, propane, or butane. 

Compression of Nontdeal Gases. After a brief review 
of factors affecting volumetric and compression effi- 
ciencies, the method of calculating isentropic changes in 
enthalpy is discussed and illustrated by problems. 
This is then applied to estimating the capacity and 
power requirements of compressor cylinders handling 
nonideal gases (39). 

Standard Free Energy, Equilibrium and Constant 
Changes with Temperature. This includes a study of 
the relation of standard free energy and equilibrium 
constant; the use of the fugacity rule for estimating 
equilibrium conversion of chemical reactions at moder- 
ate pressures. Changes of free energy and of enthalpy 
with temperature are applied to adiabatic reactors, 
especially for sulfur dioxide oxidation, ammonia synthe- 
sis, and endothermic dehydrogenation reactions. The 
problem of estimating the feasibility of reactions ac- 
cording to standard free energy values at different 
temperatures is also included. 

Partial Molal Quantities. This consists of the deriva- 
tion and discussion of equations relating to partial 
molal quantities and the evaluation of partial molal 
quantities by algebraic and graphic methods. The 
following types of problems are solved: partial molal 
volumes from P-V-T values of gas mixtures and cor- 
responding thermodynamic properties obtainable from 
such volumes and their derivatives; partial molal 
enthalpy changes involving physical and chemical re- 
actions such as the dehumidification of air by sulfuric 
acid and the absorption of sulfur trioxide by strong 
sulfuric acid; isothermal change in enthalpy for hydro- 
carbon gas mixtures through partial molal quantities 
(30) and a comparison of results obtained from gener- 
alized correlations. 

Vapor-Liquid Equilibria. This study consists of the 
derivation of the Duhem equation and the solution of a 
problem on partial molal free energy relations to check 
partial pressures in binary systems for consistency 
(usually the ammonia-water system). It consists of 
the application of the van Laar, Margules, and Scat- 
chard-Hamer equations (8) for estimating activity 
coefficients and subsequently vapor-liquid equilibria at 
one temperature to practical systems in distillation. It 
also consists of a study of the variation of activity co- 
efficient with temperature as related to relative partial 
molal enthalpy. It concludes with an estimation of 
vapor-liquid equilibria for binary systems under con- 
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stant total pressure (limited to pressure where gas laws 
may be applied to vapors). 

Enthalpy-Concentration Diagram. ‘This includes the 
construction of a portion of a diagram and the checking 
of this for thermodynamic consistency. Usually the 
diagram is applied to caustic evaporation, absorption 
refrigeration, and fractionation near the critical state or 
involving large heats of solution in other courses, because 
of a time limit. 

Comprehensive Problems involving several topics 
given in these two master’s courses are solved for such 
industrial processes as ammonia oxidation to nitric 
acid and the hydration of ethylene to ethanol. 

It seems appropriate to mention that as far as texts 
are concerned, both Weber (36) and Dodge (10) are 
used. Material is worked in together for reading 
assignments of new topics which is ultimately followed 
by sets of problems. Frequent reference is made to 
articles in the literature, particularly on properties. 
About five one-hour quizzes and a three-hour final 
examination, usually open-book, are given through the 
semester. 


SECOND-LEVEL COURSE 


The request for advanced courses in our chemical 
engineering department came from the graduate stu- 
dents. These students pointed out that advanced 
courses above the master’s level had to be chosen from 
outside departments, particularly chemistry, physics, 
and mathematics. The viewpoint of these outside 
departments leans toward that of pure science and, 
while the courses are broadening, the reaction of the 
students is not altogether as favorable as to their 
departmental courses. 

The rather provoking question must then be asked: 
What constitutes a graduate course at the second level 
in chemical engineering thermodynamics? After con- 
siderable discussion we decided that such a course may 
include some of the same material presented in other 
courses from several different but precise points of 
view; that it may well be mathematical and philo- 
sophical in nature; that it should emphasize scientific 
logic; that it should extend previous fields of study 
further; and that it should contain new fields, par- 
ticularly in those subjects which have applications in 
the process industries and which cannot otherwise be 
dealt with satisfactorily. 

A two-semester course was offered for the academic 
year 1946-47, informal in nature like an advanced 
seminar. Textbooks were used for reference or for a 
single topic, since no book thus far published contains 
what we had in mind for our outline. To prevent 
the course from becoming a literature survey and to 
emphasize applications, problems were assigned after a 
discussion of each major topic. 

The subject matter is as follows: 

First and Second Laws. This is a discussion of Chap- 


ter I of Guggenheim (17) (which is a brief study of the 
two laws and the development of equations leading to 
Gibbs’ chemical potential), and a parallel discussion of 
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the logic behind the two laws and the approach by 
Weber (36), Dodge (10), Keenan (20), Kiefer and 
Stuart (22), MacDougall (23), and Planck (27). It is 
also a discussion of the several chemical potentials and 
their relations; of physical and chemical equilibria; 
and of the open system according to Gillespie and Coe 
(15). The mathematical background includes proper- 
ties of homogeneous functions, Euler’s theorem, and 
relations to extensive and intensive properties. This 
study differs considerably from that of the earlier 
courses in that the method of Gibbs, which is unsur- 
passed in elegance of treatment, is followed both in this 
and in succeeding parts. 

Thermodynamic Relations of General Validity. This 
is a detailed study of Chapter II of Guggenheim (17), 
which includes partial molal quantities and their proper- 
ties as homogeneous mathematical functions, as well as 
the effect of P, V, T, and composition on properties. 

Systems of One Component. This is a discussion of 
Chapter III of Guggenheim (17), including gas thermo- 
metry, properties of a single perfect gas, heat capacities 
of two phases in equilibrium, and temperature coeff- 
cients of heats of evaporation and of fusion. 

Gaseous Mixtures. This is a study of Chapter IV of 
Guggenheim (/7), including Dalton’s law of partial 
pressures and membrane equilibrium, law of mass 
action (in terms of chemical potentials), and tempera- 
ture coefficients of equilibrium constants, fugacities, 
and activities of gases. (This comprises about 75 
pages of Guggenheim and is sufficient for our purpose of 
review and of studying the methods of Gibbs. It is 
easier to follow than the original writings of Gibbs or 
the commentaries contributed by different authorities.) 

Chemical Equilibria by Gibbs’ Method and Equation of 
State. This is a detailed study of a series of articles by 
the late Professor L. J. Gillespie (14) and by Professor 
J. A. Beattie (3, 4, 5) on properties of gases and gas 
mixtures as applied to chemical equilibrium of gases 
under pressure, particularly ammonia synthesis. This 
includes Beattie’s use of an equation of state to evaluate 
properties and chemical potentials in mixtures, of which 
the use is elegant in the mathematical treatment of the 
extention of Gibbs’ method to actual gases. It includes 
Beattie’s development of equations for the two cases: 
(a) where pressure, temperature, and number of moles 
are independent variables, and (b) where volume, tem- 
perature, and number of moles are independent varia- 
bles. It also includes a rational treatment of properties 
of gas mixtures as the total pressure approaches zero or 
as the volume approaches infinity. A problem was 
assigned on the pressure correction for the methanol 
equilibrium, comparing the use of Beattie’s method with 
that of the simpler fugacity rule. The class was as- 
tounded at the difference in results, in fact so much so 
that considerable time was spent in studying calculated 
and measured volumes of mixtures. 

Vapor-Liquid Equilibria of Nonideal Systems. As a 
background for the behavior of binary solutions, the 
first sixty pages of Hildebrand’s “Solubility” (18) were 
studied and discussed. With this as a background, the 
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paper of Carlson and Colburn (8) was studied in detail. 

Problems were assigned on the calculation of vapor- 

liquid equilibria for such nonideal binary systems as 

propanol-water and isobutanol-water. 

Next, papers of Scatchard (31, 32, 33, 34) were dis- 
cussed briefly to show the basis for using volume frac- 
tion in solution calculations and also to give a picture 
of the complexities of the liquid phases. 

Actual experimental data were tested for a ternary 
system according to the Gibbs-Duhem equation. 
Considerable time was spent on partial differentiation 
as related to physical significance, application of homo- 
geneous functions, and the transformation of mole 
numbers to mole fractions. (Mathematics texts (12, 
24, 35), MacDougall (23), and Epstein (77) were help- 
ful in this phase of the subject.) Equations involving 
different, partial derivatives were developed to show 
three different and independent ways of checking 
measured values. The system tested was acetone- 
acetic acid-water (41) and the results were found to be 
reasonably consistent. It may be noted that this pro- 
cedure for checking values is different from fitting 
empirical equations to activity coefficient-composition 
curves. 

For practical applications of these equilibria to azeo- 
tropic and extractive distillation, the papers of Colburn 
and Schoenborn (9) and-of Benedict, Rubin, and others 
(6, 7) were studied. As a matter of fact, this is a de- 
sirable background for an advanced course in azeo- 
tropic and extractive distillation. 

Properties by Third Law and Quantum-Statistical 
Methods. Advanced courses in mathematics, physics, 
and statistical mechanics are highly desirable for a 
thorough understanding of the computations of thermo- 
dynamic properties by quantum-statistical methods. 
Nevertheless, certain equations being accepted as cor- 
rect, it is possible to ascertain the methods by which 
many properties of solids and ideal gases are computed 
today. Asa beginning, Chapter XVIII of MacDougall 
(23) is studied, while the mathematical equations are 
checked and discussed in class. Parallel reading in 
Richtmyer and Kennard (28) has proved satisfactory 
since MacDougall’s treatment is necessarily brief. 
These assignments include subject matter on the Third 
Law, Einstein and Debye’s heat capacity equations for 
solids and the thermodynamic properties derived there- 
from, radiation, quantum statistics, partition functions, 
and thermodynamic functions of different molecules. 

Next, Chapter VII of Wenner (37) is studied, particu- 
larly the numerical examples, to understand how the 
different functions are computed from vibrational fre- 
quencies and quantum weights. Finally Chapter VIII 
of Wenner on the estimation of properties from struc- 
ture is taken up and the results are compared with those 
obtained by methods proposed by Andersen, Beyer, and 
Watson (1). 

Articles by Giauque (13), Aston (2), Pitzer (25, 26), 
Kassel (19), Wilson (38) and others describe methods 
for calculating properties of organic compounds by 
these quantum-statistical methods. Of particular inter- 
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est to chemical engineers entering the petroleum indus- 
try is the set of hydrocarbon properties compiled under 
American Petroleum Institute Project Number 44. An 
explanation of the methods used is given by Rossini, 
Pitzer, and others (29). Similar properties of inorganic 
compounds have been compiled by Kelley (27) and are 
being revised as better data are obtained. It is inter- 
esting to note that this study of quantum-statistical 
methods not only gives a technique for calculating | 
thermodynamic functions but it also furnishes a back- 
ground for recent developments in reaction kinetics as 
proposed by Glasstone, Laidler, and Eyring (/6). It 
should not be surprising to find more satisfactory ex- 
planations of kinetics mechanisms based on this back- 
ground. 

There will no doubt be improvements in these courses 
as different modifications are tried out and as more data 
on properties become available. By this arrangement 
the master’s candidates have not, in our opinion, been 
sold short; that is to say, they have been given what 
thermodynamics they will need in most industries and 
about as much as they can absorb in the time available. 
On the other hand, doctor’s candidates can elect still 
another year of thermodynamics in the chemical engi- 
neering department in preparation either for teaching 
or for entering advanced technical work in industry. 
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w ABSTRACTING RESEARCH REPORTS’ 


Tue rexas company is interested in the whole range 
of petroleum products from gases to asphalt. For 
research on these items it has established laboratories 
at Beacon, Port Arthur, Port Neches, and Lawrence- 
ville. Reports are issued covering each phase of the 
projects. We, at Beacon, are responsible for making, 
classifying, reproducing, and issuing abstracts on all 
of this work. In addition we have technical service 
reports which cover the chemical, physical, and per- 
formance testing of new or competitive products, as well 
as technical investigations for consumers and other 
divisions of the company. Let us first examine the 
reasons for having such a service as an abstracting serv- 
ice. 


REASONS FOR AN ABSTRACTING DEPARTMENT 


The necessity for keeping information easily avail- 
able would seem sufficient reason for an abstracting 
department in a company which has been established 
for some years and which has devoted so much of its 
time, money, and manpower to research. There can 
be little doubt but that dependence on the memory of 
one of the older employees is a poor substitute. As the 
volume and diversification of the company’s activities 
grow, the individual items tend to fade into the back- 
ground. 

Moreover, trying to look through literally thousands 
of pages of reports to discover the proverbial needle is 
at best discouraging. Flipping through a _ small 
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handful of 5 X 8-in. cards is certainly less time con- 
suming and, when the abstracts are well done, the in- 
formation can usually be located within a matter of 
minutes or even seconds. This assumes that the leads 
furnished are not all completely wrong. A certain 
number of them are bound to be misleading, especially 
on the earlier work. Furthermore, as a quick and very 
concentrated review of past achievements and lines 
of endeavor for a new man on a project, they can be 
very useful. 

So far we have probably been in agreement as to the 
necessity for abstracting. But why a separate depart- 
ment? Surely the technical man, when he writes the 
report, could dash off an abstract while the material 
is so fresh in his mind. The reasons for the establish- 
ment of such a department and its activities form the 
subject matter of this paper. 

Originally the abstracts were made by the men doing 
the research and then checked, classified, reproduced, 
and distributed by the abstracting section. An out- 
line to be followed was compiled, approved by the 
supervisors, and distributed to each report writer. 
Almost without exception checking of the abstract 
resulted in its being rearranged, increased or shortened, 
and usually rewritten. The time consumed in this 
checking proved to be, in case after case, longer than 
it would have been had the abstractor read the report 
and condensed it according to the outline. The reason 
for this was very simple. The technical man, after 
writing, revising, and checking his report (the abstract 
was put off to the bitter end), was anxious to get to the 
next step in his research. 
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But there are better reasons than that mentioned 
above for our doing the abstracting. The research 
man’s imaginative and manipulative skills are most 
useful in laboratory work. Having the abstracts 
written up so that certain types of information occur 
in the same relative portions of the abstract makes 
scanning alot simpler. Inclusion of all details, positive 
or negative, and the elimination of preconceived 
notions or weighting in view of the results of earlier 
experiments are taken care of since every abstract is 
written as if the report were an isolated item. The 
lack of duplication of effort has already been men- 
tioned. Finally, since the cost of the department is 
prorated to the various research departments, it is 
merely a question of hidden versus apparent costs. 
‘he increased efficiency and decrease in actual costs 
ure not difficult to prove. 


TYPES OF REPORTS RECEIVED 


We have been mentioning reports and their abstract- 
ing with only very brief reference to the types of 
reports we actually handle. In addition to the reports 
on fundamental or small-scale research work on fuels, 
lubricants, and chemicals, there are those on full plant- 
scale operations. Others cover asphalt, additives, 
physics, automotive engineering, testing, mathematics, 
literature and patent surveys, resins and plastics, etc. 
The variety is sometimes appalling, but the worst 
feature results from the following. If someone comes 
into the library and asks for an article he once saw in 
the literature on something or other, you can go through 
your cards. If it is not found, it is acceptable to say 
that it evidently was not abstracted at the time because 
it did not seem of sufficient interest or time did not 
permit concentrating on anything but ‘ 2 most im- 
portant articles. On the other hand, all research 
reports must be abstracted and, when the request 
comes in for a certain item, you have to produce it. 
One run made on a certain type of column was a failure. 
Half a page in a report and a photograph covered it at 
the time but now someone else thinks he has need for 
it. A lead or two, a little time, and you have it. 


REPORT TITLE 


Figure 1 


MECHANICS OF MAKING ABSTRACTS 


In order to operate efficiently we felt that it was 
necessary to standardize both the form and content 
of our abstracts as much as possible—even as men- 
tioned to the point of having certain types of infor- 
mation appear in certain relative parts of the abstract. 
Difficulties will naturally arise if only one form is set 
up for all abstracts regardless of the subject matter. 
If it seems inconsistent to insist on standardization of 
form and simultaneously advocate more than one 
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form depending on the content, our answer is that the 
classifying takes care of keeping cards of similar content 
together so that similar information still appears in 
relatively the same place within a group of cards from 
the same class. 

Figure 1 shows a card before the abstract is made. 
In the upper right-hand corner are places for the 
necessary bibliographical references—z. e., laboratory, 
experiment number, report number, and date. The 
space below gives the exact report title. This may be 
the same as the title of the experiment or, as is usual, 
it may limit the scope of the report to some particular 
phase of the experiment. Having filled in the above 
information, the abstractor is ready to read and digest 
the report. 

Let us assume for the moment that the report in hand 
covers some process, be it dewaxing, alkylation, or 
manufacturing of asphalt roofing on either laboratory 
or plant scale. The pattern is fairly fixed. Initial 
materials are treated in a certain way and the resulting 
materials are tested. The abstractor, knowing this, 
reads the report with the emphasized words as a 
framework on which to hang the abstract. We have 
sometimes found it helpful to draw a light pencil line 
in the left-hand margin opposite these points to make 
the inclusion of the material in the abstract simpler. 
This provides insurance against omitting any necessary 
detail. 

Now we are ready to write the abstract. First we 
put down the purpose, which is usually obvious from 
the title. Sometimes greater precision in limiting the 
scope of the work is obtained through this introductory 
statement of purpose. The next thing we’re interested 
in is initial materials or charge stocks. Usually a mere 
listing of these with the proper heading will suffice. 
The word treated is next and covers: apparatus; 
operating conditions such as temperature, throughput 
and pressure; and catalysts, solvents, additives, dilu- 
ents, modifiers, etc. Of these items only the last 
lends itself to listing. Incidentally, for those who ob- 
ject to lumping such diversified substances together, 
we should like to point out that only one or two of 
these classes will occur in any one type of report and 
hence will cause no confusion. The first item requires 
a description of varying length depending on the 
modifications incorporated in the apparatus during 
the course of the experiment. The second can usually 
be given as a series of ranges of temperature and pres- 
sure or in some cases tabulations, unless definite critical 
points are found in which case a statement is naturally 
made to that effect. Resulting materials would natu- 
rally be the end products. If they differ from antici- 
pated products, some elaboration is required. 

Mentioning the tests run on the product would seem 
superfluous as long as they are almost standardized 
tests for such products but the occasion has arisen more 
than once where just the running of one test on one 
product has answered a lot of questions. If the test 
were unusual in any way, special mention is, of course, 
made of the fact. 
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Determination of rheo- 1as.....P.N....W........ REP, NOisBe.. 





logical properties of As- Rpt. No. Pt. 2 pate 3-446 

phalts made from each of 806.40 771.23 

the six types of Residua 806 .30 771.22 
771.90 125.40 





REPORT TITLE Rheological Properties of Typical Asphalts. 





Asphalts used were made from the following residua and proc- 
essed to approximately 200, 100, 50, and 20 penetration at 77 °F.: 

Pickett Ridge, air-blown 

Sultal, vacuum reduced and air-blown 

Mexican, air-blown 

Cayuga, vacuum reduced and air-blown 

San Joaquin Valley, air-blown 

So. Texas Heavy, vacuum reduced 

Duval, air-blown 
These residua were tested for sp. gr., flash (COC), 8.F. visc. at 
210°F., per cent asphaltics, per cent paraffinics, and per cent 
cyclics. Properties of the asphalts reported were soft. pt. 
(B & R), ductility at 77°F., Penetration at 77°F., 32°F., and 
115°F., flash (COC), and component analyses. Rheological data 
on the asphalts were: B & R °F., rate of shear, shearing stress, 
and relaxation one-half time. 

Asphalts were compared and discussed on the basis of viscosity 
at 77°F., complex flow (measurement of viscosity variation with 
rate of shear), elasticity, susceptibility to temperature change, 
and age hardening. The viscosity limits for. group asphalts are 
also discussed. 

The appendix contains tabulated data showing properties and 
component analyses of charge stocks, properties of asphalts, 
component analyses of 50 penetration asphalts, rheological 
properties of individual asphalts, and age-hardening characteris- 
tics at 77° and 122°F. 
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Figure 2 


In addition, we have found that it is very helpful to 
mention any graphs, charts, or photographs included 
in the report as well as the contents of the appendix. 
However, conclusions, although part of each report, 
are not included since they may become obsolete over a 
period of years. 

You will notice a space at the upper left-hand corner 
of Figure 1. After we have boiled the report down to 
the minimum, we deliberately make an abstract of the 
abstract which must fit that space. Thus scanning 
time is again saved. Furthermore the space between 
the bibliographic data and the report title is not 
wasted since our classification numbers are fitted in there. 
The middle of the line at the extreme bottom of the 
cards shows the coded distribution of the card and the 
number at the bottom right is the number of the 
abstract card for clerical purposes. 

The abstractor has adhered fairly closely to the 
scheme outlined: She has managed rather well in 
condensing 26 pages to two sides of a 5 X 8-im. card. 
In exceptional cases the sheer number of products 
made or evaluated increases the number of cards to a 
maximum of four. The underlining is just another 


attention-catcher for very quick reviewing. 

While the foregoing outline is sufficient for perhaps 
75 per cent of the reports issued, there is another group 
consisting of physics, mathematics, and analytical 
research reports that does not fall into this pattern. 
However, by shifting the emphasis and.amount of detail 
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on the various items and abandoning the idea of listing, 
it is still possible to approach this outline fairly closely, 
Figure 3 shows an abstract from a 35-page report made 
by the Physics Department. 


Shaping and polishing was...Beacon...... EXP. NO.. .708 
Windows and Prisms of Rpt. No. Pt. 11 DATE 3-14-15 
Alkali Halides 1210.70 290.524 
852.73 
852 72 





REPORT TITLE Shaping, Lapping, and Polishing of Alkali 
Halides. 





Techniques, methods, and equipment for cutting, milling, turn- 
ing, lapping, and polishing alkali halides were investigated, as 
well as the technique for polishing the sodium chloride fore- 
prism, and shaping and polishing various KBr windows and the 
lobes of a NaCl shutter for the infrared spectrograph. 

Experimental work included: the cutting of blank forms from 
large crystals of KBr or NaCl with a string saw, and shaping these 
pieces by water forming on wet cloth stretched over plate glass 
followed by milling and turning with a milling cutter at a speed 
of 200 r. p. m. and turning done on a lathe at a speed of 450 
r. p. m.; lapping of the surfaces on plate glass with emery and 
alcohol to produce approximate flatness and to eliminate deep 
scratches and water marks; polishing of the surfaces with rouge 
and alcohol on cloth stretched over plate glass; polishing the 
surfaces to a flatness of less than one wave length of mercury 
vapor light with rouge and water on a pitch pad rotated on a 
horizontal table. Method for testing surface flatness is described. 
Photograph of the string saw is shown. 

Details on the preparation of pitch pads and a description of 
containers suitable for shipment of highly polished alkali halides 
are appended. 
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Figure 3 


For Eng cering Research reports the emphasis 
will be almosv exclusively on modifications of the ap- 
paratus—in this case the engine. In other cases the 
fuel or lubricant may be of prime interest. The last 
type of report we handle covers literature and patent 
surveys. The abstracts on them are very perfunctory, 
mentioning merely the subjects covered by the survey. 


CLASSIFICATION 


While the abstracting is of importance, the actual 
value lies in its accessibility. All the effort in making 
these abstracts is wasted if the material is buried in 
literally thousands of cards. If 10 to 50 cards will 
give you all the work done on a certain subject, if 
should not be too arduous to glance through them. 
For that reason we have developed a classification 
system, which, while borrowed to a greater or lesser 
degree from standard systems, is unique. We have 
applied it to the classification of our subject index of 
books, the literature and patent abstracts turned out 
by Mr. Doss’ group in the New York Office and to 
the abstracts of reports emanating from the various 
laboratories of the company. The system has recently 
been revised and brought up to date and has sufficient 
room for expansion. By using it, one is able to find 
all the information the company has at its disposal 
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from acids to zeolites. One work of caution, however: 
one number may not give you the complete answer the 
first time. In fact, we may not even have a classifica- 
tion number covering the key word in the request. 
For instance, we were unable to provide the informa- 
tion on a Tecumseh setup until we learned that it had 
been used in connection with refrigerator oils. The 
work ‘“Tecumseh” appeared in neither the classification 
book which is arranged in so-called logical fashion (ex- 
ploration for oil through refining to products) nor in the 
classification cards which are arranged alphabetically 
by key words. Provided with the words—refrigerator 
oils, or wax determination, or some such—the answer 
was forthcoming in a matter of seconds. 


REPRODUCTION AND DISTRIBUTION 


The next step after our abstract is completed and 
classified is to send it to those points in the company 
where the information will be used. Our maximum 
distribution, as shown on the report itself, for any 
abstract is 20. That means 20 places get a copy of 
the card for each classification number on the original 
abstract. If the card has 5 classification numbers, 
we reproduce 100 copies of it plus a few more to enable 
certain offices to have a set arranged by experiment 
and report number. The cards are reproduced by 
mimeographing on legal size mimeograph stencils 
that have been impressed with the outline shown on 
the original blank card. That gives us 3 cards to a 
stencil and cutting the card stock used (15 X 8-in.) 
is a simple matter. The only precaution necessary is 
to make sure that backs and fronts match and enough 
copies are run off to cover the maximum distribution 
shown for any single abstract on the stencil. Our 
single set of abstracts (by experiment and report 
number) runs about 8250 cards. Since the average 
number of classifications per card is about 7, this means 
a complete set contains approximately 60,000 cards. 
Some points in the company will have considerably less, 


ADDITIVE: 
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Figure 4 


as they receive reports on only a very limited number 
of subjects. While we do not intend to get into a dis- 


cussion concerning the merits of punched cards, I. 


thought it advisable to say that we had considered 
using them. We decided against it for the following 
reasons: (1) by our present method it is possible to 


‘ 
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pick out the required cards in seconds without waiting 
for the machine to sort through all of them; (2) the 
complete abstract is instantly available; (3) several of 
our smaller plants do not have IBM machines avail- 
able; and (4) the Keysort seems a bit awkward with 
the minimum 8250 cards, even if the whole classi- 
fication system could be coded on such a card and 
multiple punching be effected. 


EXTRA SERVICES 


One thing that dawned on us was the fact that some 
lubricating oil additives were repeatedly appearing in 
our reports. The reason was simple. We try thousands 
of them and it is impossible to remember every one 
tested. The additives are, of course, listed on the 
individual abstracts and classified according to purpose. 
However, looking through all these cards for an in- 
dividual additive could prove quite arduous. There- 
fore, when we offered our services in carding these 
while abstracting the report, they were accepted. 
The cards are arranged alphabetically by additive 
name and are columnized as shown in Figure 4. If 
two or more additives are used simultaneously, the 
complete information’ appears under each of the addi- 
tives. By perhaps an over-abundance of cards, trade 
names (in so far as possible), homologs, and abbrevia- 
tions are cross referenced. Since the number of cards 
per additive averages 6, and since complete sets are 
distributed to eleven points in the company, the total 
number of reproduced for each additive is about 66. 
At last count the number of individual additives 
tested tallied about 1500. This figure (1500) assumes 
one entry for each additive. However, in practice, 
each card may contain from 1 to 25 such entries, in- 
so much as an individual record is made for each ad- 
ditive every time it is tested. 

Any literature and patent surveys undertaken by the 
library are assured of abstracts on any allied previous 
work within the company written from the point of 
view of the immediate problem. 

Handling of the binding of New York and Beacon’s 
copies of all reports, making up a monthly list of all 
reports issued by Beacon, and indexing such reports 
as resulted from the PIWC wartime, agreements, etc., 
occupy another portion of our time. We are at present 
abstracting this last group just as we do our own reports. 
Perhaps in time even the research correspondence files 
will be abstracted, as I understand is done elsewhere. 


QUALIFICATIONS OF ABSTRACTORS 


Experience has taught us that they should be college 
graduates with a major in chemistry and considerable 
proficiency in handling English. The abstracting 
“knack” which speeds up the process comes with prac- 
tice. Alertness and ability to concentrate must be 
coupled with painstaking carefulness. Such are the 
modest requirements we demand of an abstractor. 








@. REPRODUCTION TECHNIQUES FOR REPORTS 
AND INFORMATION SERVICE’ 


T we printep worp has long been held of considerable 
power and influence, no matter what the subject. 
Credited with dispelling the intellectual inertia of the 
Middle Ages, printing is renowned for its ability to pro- 
vide economic copies of any document, thus enabling it 
to be read and used by many individuals. 

Actual printing, however, despite the modern array 
of automatic equipment, is still an expensive process 
when it comes to the reproduction of such items as 
technical reports and bulletins, especially where the 
quantity involved is small. It was to remedy this de- 
ficiency and to provide an intermediate step between 
handwritting and letterpress printing that the type- 
writer was invented in the last century, but even this 
essential device is now often insufficient in itself, for 
carbon-paper copies are seldom satisfactory if more than 
afew are required. These facts are common knowledge 
ana need no elaboration. Whenever factual material 
on any subject has been assembled and is ready for re- 
production, the same problem always arises: “How 
shall it be presented?” 

The decision involved is theoretically complex,:since 
it must include a weighing of such factors as the se- 
lection of the reproduction equipment, typing time, 
correcting, choice of methods of duplicating illustra- 
tions, binding, and covers. Moreover, in information 
service work where abstract bulletins and card files are 
often simultaneous requirements, any decision must 
take into account the efficiency of single operations over 
the utility or attractiveness of multiple methods or dup- 
lications. : 

In actuality, however, many individuals who are 
doing information work or who have been placed in 
charge of reproduction services have been confronted 
with predetermined rules for reports and have been pre- 
sented with specific equipment for their reproduction. 
Such situations have the advantage of providing uni- 
formity in presentation and appearance, and, where 
satisfactory, should not be tampered with through an 
enthusiastic zeal for that which is merely new or differ- 
ent. 

The object of this paper, however, is the presentation 
of a survey of those methods of reproduction which, 
singly or jointly, can be used to present factual material 
in the most effective manner that is consistent with the 





1 Presented before the 112th meeting of the American Chemi- 
cal Society in New York City, September, 1947. 

*State Engineering Experiment Station, Georgia School of 
Technology, Atlanta, Georgia. 

+ Gulf Research & Development Company, Pittsburgh, Penn- 
sylvania. 
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economics of the situation. This information, then, 
should be of special interest to those groups whose 
methods and equipment are inadequate at present or 
who are considering effective methods of presenting the 
results of expanded services. 

For the purposes of this paper, it has been assumed 
that satisfactory rules for report er bulletin organization 
and physical variation of typing (capitalization, cen- 
tering, underlining, etc.) have all been established and 
that the problem is solely one of duplication. 


TYPING 


The basic operation behind all effective methods of 
report reproduction except printing with type is the use 
of the typewriter. Where several copies are all that are 
required; where frequent use of the carbon copies is not 
involved; and where appearance of all copies is not a 
critical factor, typed and carbon-paper copies are be- 
ginnings and ends in themselves. This is often the case 
where brief memoranda are involved, or where even 
large reports are not intended for use by many individ- 
uals. Where more than several copies are required, 
however, the need for consideration of other methods 
becomes acute. Even with the use of electrically acti- 
vated keyboards, which provide a uniform striking force, 
the number of carbon copies cannot be indefinitely ex- 
tended, and the problem of correcting errors is intensi- 
fied as the required number of copies is increased. 

Under these circumstances, and assuming freedom of 
choice and the requisite finances, one then turns to such 
methods as hectographing (“Ditto,” etc); stenciling 
(“Mimeographing,”’ etc); offset printing, either from 
typed paper or metal plates (‘‘Multilithing’’) or from 
photographically prepared plates (photo-offsetting) ; or, 
where conditions demand it, printing from type. 


HECTOGRAPHING 


Closest kin to regular typing of all these methods of 
reproduction, since it is the only one which does not in- 
volve printing with an external source of ink, is the hec- 
tograph process. Webster’s Collegiate Dictionary de- 
fines a hectograph as “a contrivance for manifolding a 
writing by transferring it to a slab of gelatin treated 
with glycerin, and then taking transcripts from the 


’ gelatin.” 


This process is still used on most existing machines, 
which are of many sizes.. For report reproduction, the 
material is typed through a special typewriter ribbon or 
sheet of carbon paper, and the “carbon’”’ positive is then 
placed in contact with the treated gelatin slab, trans- 
ferring its image (and ink) to the latter. Paper is then 
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fed onto the reversed image, pressure applied, and the 
hectographed paper removed. Drawings can be repro- 
duced in a similar manner, and the simultaneous use of 
several colors is possible through selection of various 
colors of carbon paper. Corrections are made by 
erasing the error in the usual manner. 

One limitation on the above process is the fact that 
only about 70 legible copies can be produced. However, 
“direct process duplicators” manufactured by at least 
one company (Ditto, Inc.) are rated at 500 or more 
“bright, sharp copies.” This is made possible by using 
a “master set’’ (or direct process carbon paper with any 
suitable paper) which prints a reversed image on the 
back of the sheet being typed. This sheet is then 
placed directly on the rotary drum of the machine, and 
the reversed image serves as the printing plate for sheets 
of paper automatically (or manually, according to the 
model) sent through the machine. -Probably to mini- 
mize ink pickup, and hence to prolong the life of the mas- 
ter copy, each sheet of paper is sprayed with a liquid be- 
fore coming in contact with the master. 

Prices have a way of changing with the times, and 
comparative economics change with them, but it is still 
of some value to mention those which pertain at a given 
time. When this paper was prepared, ‘‘No. 1 Grade 
Master Sets” were selling for 5.75 cents each in boxes of 
100 (3.75 cents each in quantities of 10,000 or more); 
the “No. 2 Grade” varied from 4.25 to 3.00 cents each, 
dependent upon the quantity. If the direct process 
carbon paper alone was wanted, the price was 0.25 cent 
cheaper per sheet. Master paper (of 24-pound sub- 
stance) varied from $4.92 to $3.29 per 1000 sheets, de- 
pendent upon the quantity desired, and “Ditto Direct 
Process B” hectograph paper, a 20-pound, No.1 sulfite 
paper, varied in price from $3.10 to $1.93 per 1000 
sheets. 

All of these figures and those given later for other 
methods are for 81/2 X 11-inch page sizes, the standard 
forreports. This same arbitrary standard was followed 
in obtaining costs of equipment, since the latter is often 
available in varying sizes (widths, particularly). In 
the case of direct process duplicators (here again the 
“Ditto” process is used as the example, without preju- 
dice against other processes), the 9-inch size, at date 
of writing, sold at $225 (including a $25 optional stand) 
for the hand-operated 9D5A model and $475.50 (hand- 


fed) or $520.50 (automatic-fed) for the D-44 high-speed | 


model (including a $39 optional stand). A “sitting 
posture” D-44 model was also available at a somewhat 
higher price. Space does not permit a discussion of the 
various features of such equipment; detailed informa- 
tion on machines for all of the described processes may 
be obtained from local representatives of the manufac- 
turers. : 

Hectographing is used in various combinations by 
several information service groups, especially since, as 
will be discussed later, it is relatively easy to obtain ab- 
stract bulletins and card files simultaneously fram it. 
The ready availability of several colors renders it of in- 
terest for graphs and maps, or for complex tables. 
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Black is not a commercially available color, and the 
usual colors—purple, red, green, and blue—are some- 
what susceptible. to fading upon long exposure to sun- 
light, but this is scarcely a problem with reports. 


STENCILING 


No organization is unfamiliar with the use of stencils 
and the required duplicating machines. For the sake 
of the record, however, Webster’s Collegiate Dictionary 
defines a stencil as “‘a piece of thin sheet metal, parch- 
ment, paper, or the like, so perforated that when it is 
laid on a surface and color or ink is applied, a desired 
figure is produced.” The ‘‘Mimeograph” similarly, is 
defined as ‘‘a trademark for a copying device using a 
stencil; hence, the device bearing this trademark.”’ 

For report reproduction, the text is cut into a waxed- 
paper-composition stencil by direct typing (without a 
ribbon), then the stencil is placed on a rotary drum 
faced with an ink pad and containing an internal ink 
supply. Paper is manually or automatically fed into 
the machine, and the desired text is printed on each 
sheet by ink passing through the cut stencil. Drawings 
can be cut on stencils using various style and lettering 
guides, but several colors are possible only through the 
use of separate stencils and machine runs for each color. 
Corrections are made on the stencils by filling up 
(covering) the errors with “correction fluid’ and then 
cutting the correct character. 

Several thousand copies can be obtained from a sten- 
cil if it is carefully handled, or stencils may be reused 
several times (for a smaller total number of copies) if 
they are cleaned after each use. In some cases, special 
cleaners must be used for washing instead of water. 

In regard to prices (using only those of the A. B. Dick 
Company for purposes of illustration), stencils (8'/2 
11 inches) were costing 14 to 12.5 cents each, depending 
upon the quantity, at the time this paper was written. - 
Mimeograph paper of 20-pound substance, No. 1 sulfite 
(capable of being printed on both sides) was available 
for about $1.15 to $0.70 per ream (480-500 sheets), de- 
pending upon the quantity and with further variation 
dependent upon the locality. 

As regards machines, the A. B. Dick Company priced 
its “Model 90” hand-turned Mimeograph machine at 
$125 without stand. The “Model 91” sold for $303 as a 
hand-driven machine and $510 with a motor and stand 
(an integral unit), while the heavy-duty ‘Model 92” 
was priced at $400 and $607 under the same conditions. 
An “Interlayer” device which separately receives and 
blots each printed sheet was available for $164.50; such 
a device is almost essential when the paper is to be 
printed upon both sides. 

As is true for all processes which depend upon typing, 
the quality of the mimeographed product in regard to 
appearance depends upon the adequate and even touch 
of the typist cutting the stencil, upon the proper inking 
and operation of themachine, and upon the careful han- 
dling of the copies while wet (if an interlayer is not used). 
It has been said that any qualified typist can learn to 
type a good stencil and that any office boy can be taught 
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to operate a machine in an hour’s time. This may be 
true, since there is no doubt that good work should not 
be difficult to produce, but it is equally true that con- 
tinued vigilance must be exercised if high quality work is 
always to be produced. 

Incidentally, many organizations find it convenient 
to use commercial duplicating firms for at least the dup- 
licating and binding steps. Assuming that the finished 
stencil is supplied ready for running and that paper (for 
example, 20 pound, No. 1 sulfite) is also supplied for 
running on both sides, typical rates for running are $3 
per 1000 sides, while collating into reports costs $1.50 per 
1000 sheets (2000 sides, in thiscase). For small quanti- 
ties of small reports, such as 10 to 20 copies of a 10- to 50- 
page report, higher unit charges would certainly be 
made. 

It is‘interesting to note, however, that for reports of 
sufficient size and quantity (for example, 100 to 500 
copies of a 10- to 50-page report), the above charges 
amount to only $0.003 per side for running and $0.00075 
per side for assembling. If paper cost is added($0.001 
per side), the total cost per side before binding (which is 
discussed later) amounts to approximately 0.5 cent per 
side for commercial work. This figure used to be a rule- 
of-thumb estimate for mimeographing on one side of the 
sheet in the well-ordered reproduction room of a private 
company. While such work would now cost 0.65 cent 
from the above-mentioned commercial service, these 
figures at least provide a workable estimate for quality 
work. 


OFFSET PRINTING 


Offset printing is a form of lithography, which latter 
term is defined as “the art or process of putting writing 
or designs on stone with a greasy material, and of pro- 
ducing printed impressions therefrom; also, any process 
based on the same principle, as one using zinc, alumi- 
num, or some other substance” (including paper). In 
practice, ink is periodically contacted with the plate, 
attaching itself only to the design thereon (because of 
chemical affinity between the greasy image and oil-base 
ink and the repulsion of the latter from the rest of the 
plate, which is kept moistened with water). The 
word “offset,” according to Webster’s Collegiate Dic- 
tionary, is an adjective “designating a process of print- 
ing from a flat surface in which the impression is first re- 
ceived by a rubber-surfaced cylinder, from which it is 
transferred to the paper.” 

In practice, as regards reports, the plate can be pre- 
pared in several ways, such as typing with a special 
ribbon onto a special paper or aluminum plate, or typing 
the material onto any good quality paper, copying it 
photographically, and then photo-transferring the image 
onto a grained, sensitized zinc plate. The latter proc- 
ess, much used commercially for copy set up in type, 
from which proofs are run for use with pictures, is 
known as photo-offset printing, photolithographing, etc. 


MULTILITHING 
The ‘“‘Multilith” process, employs either direct ‘“mas- 
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ters” or those photographically prepared ; when the latter 
are used, the process is one form of photo-offset printing 
which will be discussed later. For the purpose of this 
discussion, attention will be given chiefly to the prepa- 
ration of direct plates, since this is more comparable 
to previously mentioned duplicating processes. 

At the time this paper was written, the Addresso- 
graph-Multigraph Corporation, makers of the plates 
and machines for the Multilith process, were quoting 
prices for paper plates ranging from 12 to 3.5 cents each, 
dependent upon the quantity purchased and on the num- 
ber of copies required (2 e., the quality of the plate), 
‘“‘Aluminum master”’ plates, under the same conditions, 
ranged from 25 cents to 19 cents. It was stated that 
up to 2500 copies could be made from the paper plates 
and up to 20,000 copies from: the aluminum plates. 

Several electrically operated Multigraph machines 
were available for use with this Multilith process. The 
Model 50, a hand-fed, motor-driven model capable of 
reproduction on a wide variety of papers, was listed at 
$495; the Model 40, equipped with an automatic feeder, 
was $585; and the Model 1250, a much more elaborate 
production machine, was quoted at ‘$1685. 

In regard to illustrations, these can be drawn directly 
on the plates by use of pen, pencil, crayon, ete., although 
multicolor effects ere possible only by multiple printing 
operations; these, however, will register accurately. 
Since the Multilith process is a real printing process, 
photographs and similar material may be printed along 
with the text if a screened image is transferred onto the 
plate; this can only be done photographically, however, 
and the cost of such plates (which may contain typing as 
well) ranges from $2.85 to $6; with normal use, at least 
50,000 impressions can be obtained. Picture sizes for 
the Model 50 are limited to 3 X 5 inches for best results; 
no such limitations are placed on the use of the other 
machines. 

Any regular type of paper can be used in any model, 
including the 20-pound No. 1 sulfite paper mentioned 
under the discussion of previous methods. It must be 
remembered, however, that offset printing, being real 
printing, requires more skilled attention for continuous 
high-quality operations. As in stenciling, moreover, 
quality typing is a prerequisite for good appearance. 
Correction of errors may be readily made on the paper 
and aluminum plates, however, through careful erasure. 
Rapid drying of the ink renders interleaving unneces- 
sary. 


PHOTO-OFFSETTING 


Photo-offset printing has already been described in 
some detail. Any image may be so reproduced, but 
for best appearance, especially when reduced in size, 
typing should be done through a carbon-paper ribbon in 
order to yield a uniformly black image which does not 
have the grainy or uneven edge given by typing through 
cloth. When this is done, however, corrections are 
more difficult to make, since erasing may smear other 
characters. Errors may either be cut out of the paper 
and the correct material pasted on from behind, or 
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the latter (where practical) may be pasted on top of 
the errors. 

If desired, typed material may be reduced to a page 
size of 51/2 X 81/2 inches, thereby cutting paper and 
negative costs almost in half without reducing the 
size of even Elite typing to the point of uncomfortable 
legibility. 

Photo-offset printing requires an equipment outlay 
of $8000 to $10,000 or more, hence few organizations do 
their own work. Table 1 contains some typical com- 
mercial prices for this work; as will be noted, the break- 
even point in a decision between mimeographing and 
photo-offsetting (reduced) occurs at about 200 to 300 
copies of 96 or more page reports. When board binding 
is considered, fewer copies need be ordered to achieve an 
economic stand-off. 

Prices for small quantities of short reports were de- 
liberately omitted from this table, since they are not 
economically competitive with other methods. For 
example, 50 copies of a 64-page, 8'/2 X 11 inch report 
would cost about $120 to $220, or 4 to 7 cents per page 
per copy. ‘Ten copies of the same report would cost al- 
most as much, or 20 to 35 cents per page per copy. Ob- 
viously, photo-offsetting would be an expensive luxury 
under such conditions. 

When it is desired to include pictures, these must be 
screened, as mentioned. Pictures are usually photo- 
graphed separately, through the desired screen, then 
the negative is either carefully pasted into a hole pro- 
vided on the page-size negative or is used to prepare a 
blank spot left for it on the grained zinc plate which con- 
tains the rest of the page’s legend. To allow for this 
when using the latter method, a black square of the 
proper size is pasted on the make-up sheet for the 
remainder of the page. 

The inclusion of pictures is an expensive process, but 
not when compared with the cost of cuts for regular 
printing. For example, printers contacted during the 
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preparation of this paper quoted prices of $2.75 to $3.50 
per page extra, regardless of page size, while it was 
stated that the inclusion of pictures along with the text 
on any page would cost about $1.60 to $2.50 extra per 
picture, regardless of the number per page. As noted, 
these prices are in addition to other charges and are per 
page per order, not per page per copy. 

The use of line drawings involves no extra charge ex- 
cept for preparation in the correct sizes for pasting on 
the make-up pages if they cannot be drawn thereon. 

As will be noted, Table 1 includes prices for various 
bindings. These will be discussed in a later section, but 
it may be noted in advance that these are lower per copy 
than for any other method. 

With properly prepared copy (which takes more time 
to prepare than does stenciling), photo-offsetting yields 
what are probably the most attractive copies obtainable 
from typing, but at premium prices except in quantity. 
For a report of any size in the latter case, however, this 
method should be carefully considered. 


PRINTING FROM TYPE 


This subject is almost beyond the scope of the present 
discussion. Such printing is economic as compared 
with hectographing, mimeographing, etc., only when 
large runs (about 1000 or more) are involved, and is 
practically never economic when compared with photo- 
offsetting from typed copy, since preparation of the 
latter, including photographing, is usually cheaper than 
type setting. 

In fact, when numerous illustrations (especially line 
drawings) are to be used, yet a “‘printed-from-type”’ 
appearance is desired, it is often cheaper to have the 
text set in type, press proofs obtained, and these pasted 
in with the line drawings and black blank pieces for pic- 
tures, then the whole photographed, “patched,” and 
photo-offset printed. When carefully done, it is hard 
to tell such work from printing done with type and cuts 





TABLE. 1 
Typical Photo-Offset Prices for Reports! (in Cents) 

















Binding, per Copy 





—— Price per Page Saddle-Stitched* ‘ 
Page Size, No. of per Copy? Self-  Cover-Paper * Sewed Binding’ Stab Binding® 
In. Copies 8 Pages 95 Pages 304 Pages Cover Cover® Cover-Paper® Board? Cover-Paper’ Boards 

8/2 X 11 100 2.49-5.30 1.92-3.20 1.88-3.00 3 14 20 98-108 18 98-108 
(16-18)5 (23-25)5 

8/2 X 11 250 = 1.3842.42 0.90-1.54 0.87-1.48 ’ 10 16 95-105 14 95-105 
(9-13)5 (16-18)® 

8/2 X 11 500 §=0.88-1.36 0.549-0.895 0.523-0.835 7 8 12 85-95 10 85-95 
(6-8)® (14-17)5 

5'/2 X 81/2 100 1.59-3.80 1.02-1.75 0.98-1.70 : 10 18 68-74 16 68-74 

5'/2 X 81/2 250 0.94-1.76 0.49-0.84 0.46-0.80 . 6 14 58-64 12 58-64 

5/2 X 81/2. 500 0.63-1.00 0.30-0.53 0.27-0.48 . 4 10 55-60 8 55-60 


1 By courtesy of two large, well-equipped Georgia and Michigan photo-offset printing companies. 
2 For copy delivered to printer ready for negatives; negatives, paper, presswork, and assembly are included. 


3 No charge not already included in price per page. 
4 Suitable only for reports of 8-96 pages. 


® Figures in parentheses are the only binding costs received from the Michigan company. 
6 Includes printing of title, author, company, etc., on double-thick Hammermill cover-paper. 
’ Suitable for reports of 64 pages and larger. 


8 Prices for 96 pages and 304 pages, respectively. Means are Fabricoid covered and printed with a legend. 


® Quoted here for 96-304 pages. 
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However, the per-copy economy involved is infinitesi- 
mal for large quantity runs. 

For regular printing, half-tone cuts of pictures are re- 
quired, in addition to zinc etchings for line drawings. 
These are usually quite expensive, at least a few dollars 
for even the smallest illustrations. 

It would be futile here to discuss printing prices or the 
cost of printing equipment. When it is remembered 
that a clean, typed copy of the text should be sent to the 
printer and that paste-up work must be performed to 
prepare the page layouts, it is clear that printing from 
type should be employed only where economic (for large 
runs) or where especially attractive appearance is de- 
sired. Both of these are sometimes the case, of course. 


ILLUSTRATIONS 


In all methods of duplicating, reproduction of illus- 
trations is a special problem which in itself may elimi- 
nate certain processes from consideration for a given re- 
port, at least as regards the illustrations themselves. 

Line drawings and graphs without an elaborate cross- 
ruled background present few difficulties for hecto- 
graphing, multilithing (paper and aluminum plates), 
and photo-offsetting, although real art work is required 
to prepare an attractive stencil of such drawings. 
Where cross-ruling of graphs, etc., is involved, special 
masters must be prepared if hectographing or multi- 
lithing is to be used; this is usually feasible, especially 
in quantity. For photo-offset or regular printing, a 
black-lined or red-lined regular graph paper is all that is 
required, and drawings may be included in the text at 
will. 

Photographs and shaded drawings (requiring half- 
tones) cannot be reproduced by any of the above 
methods except photo-offsetting (including the multi- 
lith variant of this process) or regular printing from 
screened cuts. 

Oversized tables must often be considered as illus- 
trations. Large mimeograph and hectograph machines 
are available, however, and certain reproduction serv- 
ice groups have them on hand. Where this is not the 
case, resort must be made to photostating, blueprinting, 
Ozalid reproduction, etc., as will be described later. 
Such methods have been developed specifically for the 
duplication of drawings and similar material. 

Only large organizations which must handle a multi- 
plicity of duplication jobs can usually afford to have 
equipment for several of these processes on hand, but 
service is generally available from commercial organi- 
zations. Such service may also be called into use when, 
as sometimes happens, private equipment is engaged in 
other work when needed for reproduction of illustrations 
for a report. 

Photostating and Similar Methods. Here the drawing 
or picture is placed under a special camera and copied 
directly on special photographic paper. The camera 
uses a prism before the lens, so that the image is re- 
versed and positive copy produced. Colors are not re- 
versed, however, so the result is a ‘“‘white-line” copy. 
For line drawings and in miscellaneous cases, this 
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“‘white-line” photostat is often used directly; if g 
“black-line” (or positive) is desired, as in the case of an 
ordinary picture, the white-line drawing is then itself 
photostated. This process, involving the use of high- 
contrast photographic paper and developer, is not par- 
ticularly satisfactory for pictures, since many details are 
lost in the double procéssing required; photostating is 
a flat plane printing process and does not provide the 
depth of focus possible in regular photography. En- 
largements and reductions are readily made. Including 
processing, photostating costs approximately 10 to 15 
cents per 81/2 X 11-inch page for long runs in a private 
reproduction laboratory; commercial prices at present 
are often 20 to 30 cents per page, dependent upon the 
quantity. Equipment is reasonably expensive, and 
developing facilities are required. ' ; 

Photographic Copying. This process involves copy- 
ing the picture onto film with a copy camera (or adapted 
enlarger), then printing on photographic paper (usually 
by enlarging) in the desired size, 81/2 X 11 inches in this 
case. For quantity runs, the cost per picture per copy 
in a private reproduction laboratory might approximate 
15 to 20 cents. Unless deluxe appearance is required, 
such work would usually prove too expensive if per- 
formed elsewhere. 

Blueprinting and Similar Methods. Prints from these 
processes are made through a transparent negative on 
which the desired drawing has been made in pencil, ink, 
photographically, etc. Blueprints, produced by the 
well-known wet process, have a white image on a blue 
background unless printed from Van Dyke negatives, 
when the printing is blue on a white background. 
“Blue-ine,” “black-line,” “red-line,” ‘‘brown-line,” 
and similar prints are obtainable from such “dry” 
methods as the ‘‘Ozalid” process. Some idea of com- 
mercial prices may be gained from Table 2. 





TABLE 2 
Typical Commercial Prices for Blueprints, Blue Lines, Etc. 
Dollars per 








Prints Square Foot 

Blueprints on Paper ' 

UO OR ores oo 48 ds vig. d 3 d fede wale, rate ee eels $0.06 

MASUD A Rt ocd <b ai's: sou ees prs oui via tens ® 0.05 

PRR EAE AMANO ieee 6.4. 4:4, 6°b atone b's edieverse ates 0.045 
RRM M TEIN ATR EER Ss sg 5 65S <5 ace oo 8 Cee NY os ote 0.07 
Direct Line on White Paper 

RUE: GEMM sooo og ois s. <2 wie bao hd nese eee 0.08 

POMBO ca Ee ska his 24 Secsidssc]ec 3 sige yeas 0.18 
Direct Line on Transparent Paper, Reg............. 0.15 
Van Dyke Negative Primte.. i... occ. ces ssieccee'ss eo 


LE PERSD) cor Te Teh roy i 021 1c) Te ee a gee Pa 
PSUS TNO OR COme. foo. hc a os FRAG Ae sc ieiohw cee 
PSPGOWar a Rn ON) WOU i ois 6 cae en es ea ee Ce 


* From a commercial organization in Atlanta, Georgia, July, 
1947 ; 





In the Ozalid process, the paper, cloth, foil, or film is 
coated with an aniline-base dye which will “burn out” 
when exposed to light and may then be developed with 
ammonia vapor. Where the opaque surfaces of the 
transparent original covered the dye, the final print will 
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these Various Report Bindings, All but (7) and (9) for Collections of Single Sheets 
ve on Report (1) contains sewed sheets, in a cover-paper cover. Report (2) has a similar cover, but the sheets and covers are stab-bound together. The 
l, ink, binding for Report (3) is a stiff fiber, removable cover. Reports (4) and (5) are bound in prefolded, cover-paper covers, but (4) contains pages stab- 
bound together and fastened to the cover with gummed cloth, while the pages of (5) are ring-bound (‘‘spiral-bound’’) to the cover. The cover-paper 
y the cover on Report (6) is brad- or staple-fastened to the pages, while Report (8) is simply backed by a sheet of protective paper which is folded over the 
1 blue top of the pages and stapled thereto. Reports (7) and (9) are sewed, offset-printed reports (literature searches), board-bound and cover-paper-bound, 
tives, respectively. : 
ound, 
line,” have lines or areas of the color of the particular dye — stapled together, in two or more places, a fraction of an 
dry” (black, blue, red, brown, etc). inch from their left edge, or brads are inserted through 
com- In a short report in which there are many illustrations holes punched in such places. While durable, such 
or long tables, it may occasionally be desirable to repro- binding is sometimes deemed unsightly, and when 
duce the text in the same manner as the illustrations. covers are used at least the staples are covered with a 
_—— In using “‘blue-lines,” for example, this may be done by _ thin binding strip. With board bindings, the cover is 
typing the text on onion skin paper which is backed with — often hinged about a half inch from the left edge, the 
}, Etc. a reversed sheet of carbon paper; the printing on both _ half-inch strip serving to conceal the staples and to hold 
rs per sides thus occasioned makes the sheet a high contrast the sheets rigidly in place. When using thick reports, 
re Foot negative for the subsequent reproduction process. especially, it is somewhat difficult to keep such books 
; For private processing on a continuous scale, costs lying open flat; with small reports, such efforts often 
= are often considerably lower than those in Table 2. break the binding or mar the appearance of the cover- 
045 Equipment costs vary with the size and versatility of | paper cover where one is used. ‘ 
07 the machines, but are considerable. Nevertheless, very One solution to the problem, especially adaptable to 
08 many organizations find such machines essential to their _ reports of less than 100 sheets (200 pages, if run on both 
18 operations, especially where more than report illustra- sides), is the use of the familiar and attractive spiral 
: - tions are involved. bindings, either in metal or plastics. Such bindings per- 
30 BINDING mit ready use of the report in a flat, opened position, 
36 often of importance in the use of a literature search or 
50 The binding of loose sheets for durable and con- laboratory report. 
July, venient use is an economic problem with which many Spiral binding may also be used for thick reports 
_ groups have struggled. If photo-offset or regular print- (100 to 500 sheets) by spiral binding groups of sheets in- 
ing is used, however, no problem is presented, since book to the stub of a cover of sufficient strength. Four or 
im is binding (saddle stitching, sewing, or stabbing) is readily more spirals have actually been so employed. Such 
out” § performed on machines. bindings may appear unwieldy, however, although their 
with Several methods of binding loose sheets are currently cost is not excessive—for example, $1.25 to $3 per copy 
f the employed, but the best of them are relatively expensive. in quantities of 50, with the exact price dependent upon 
t will Stabbing is the most common method; the pages are quality of the cover, the use of concealed bindings, etc. 
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TABLE 3 
Typical Prices per Copy for the Binding of Loose Sheets! (in Dollars) 





Type of Binding 


Stab Binding? 








No. of Cover-Paper* 


Copies 


Self-Cover — 


10 Pages 200 Pages 10 Pages 200 Pages 500 Pages 200 Pages 500 Pages 10 Pages 200 Pages Cover-Paper 


Spiral Binding* Sewed Binding 


Board 


Board* 





0.75 
0.55 
0.45 
0.45 
0.45 


0.35 
0.22 
0.16 
0.16 
0.16 


0.50 
0.35 
0.30 
0.30 
0.30 


0.20 
0.15 
0.10 
0.10 
0.10 


0.05 
0.02 
0.01 
250 0.01 
500 0.01 


0.47 
0.42 


- 2.75-3 25 
0.34 . 

6 

5 


2.50-2.75 
2.25-2.50 
2. 00-2. 25 
1.85-2.10 


0.35 
0.30 
0.22 
0.18 
0.16 


2.00 
1.75 
1.50 
1.25 
1.10 


2.50 
2.00 
1.75 
1.50 
1.35 


0.30 
0.28 


1 Of 8!/2 & 11 inch size, printed on both sides (7. e., 2 pages = 1 sheet). In some cases, prices were obtained from different sources 


and are indicative rather than directly comparative. 


2 Stab binding here includes stapled, brad-fastened, and similar bindings. 


3 Double-thick Hammermill cover paper or equivalent. 
4 Fabricoid covered or equivalent, with a printed legend. 


5 Feasible, but not too much less expensive than board bound. 





The sewing of single sheets is either done by hand (for 
thin reports) or on special machines (for large reports). 
Properly prepared, such reports are as durable and 
usable as those prepared by sewing sheets from printing 
operations. Higher costs are involved, however, as 
may be judged by comparison of the proper columns in 
Tables 1 and 3; this latter table contains typical prices 
for the various methods of binding loose sheets. 

Comparative prices are indicated reasonably well in 
Table 3, although exact charges will vary with the local- 
ity and bindery. Many organizations do their own stab 
binding of cover-paper-covered and self-covered reports, 
and may be able-to effect savings if efficiently prepared 
for the job. Possession of prefolded covers in the 
expected range of sizes, ownership of a power-driven 
stapler; etc., are required. The covers of such reports 
may be inexpensively printed with a small printing 
press or mimeographed, multilithed, etc., as the case 
may be. 

Referring again to Table 1, it may be seen that even 
the board binding of photo-offset printed reports is less 
expensive than the similar binding of loose sheets; the 
economy is even greater for other bindings. This fac- 
tor, as previously mentioned, should be taken into ac- 
count when deciding between photo-offsetting and other 
methods of reproduction. 

Incidentally, the layout of the cover legend (title, 
author, etc.) should be done by an experienced ty- 
pographer, at least for initial reports. When a printed 
cover is employed, much can be accomplished by the 
proper selection of type faces, sizes, and arrangements. 
Even mimeographed and multilithed covers should be 
carefully planned. 


CARD FILES AND ABSTRACT BULLETINS 


In the performance of information service work, it is 
often a simultaneous task to issue bulletins containing 
abstracts of current literature and patents and to pre- 
pare cards containing these abstracts for filing under a 
classified system. Various organizations have dealt 
with this problem in a number of different ways, several 
of which are of interest here. 

One group types the abstracts on a hectograph mas- 


ter, keeping the line length within the dimensions suit- 
able for later running on a 4- X 6-inch card. The journal 
title appears at the head of each sheet, and articles from 
only one journal appear on any one sheet, which is 
typed single spaced, with a few spaces between each 
abstract. A key phrase indicating content is typed to 
the left of each abstract, outside the margin which will 
appear on the cards. 

When the bulletin has been hectographed on a di- 
rect-process duplicator, the master is removed from the 
drum, the journal heading and each abstract cut out, 
and the heading and one abstract at a time replaced on 
the drum, file cards being fed by hand into the machine. 
Where the abstract is too long to go on one side of the 
card, it is cut apart and the excess material is run on the 
back of the card. 

Another organization, whose reproduction depart- 
ment is too overloaded to meet the speed requirements 
of a weekly abstract bulletin, types both hectograph 
and photo-offset copies simultaneously, has the bulletin 
quickly prepared from the photo-offset original, and has 
cards prepared as soon as convenient from the hecto- 
graph master. 

A third group stencils its abstract bulletin, holding 
the line length under six inches, and at present cuts out 
the desired number of copies and pastes them on file 
cards. Later, when a number of files will be main- 
tained, it plans to restencil each bulletin on large sten- 
cils, run these on large sheets of card stock, correlate the 
typing so that the backs of the cards may be printed 
where necessary, and then cut the large sheets into the 
desired 4-X 6-inch cards. Such an operation is not 
economic unless numerous files are maintained, how- 
ever. A subdivision of this same organization now pre- 
pares a patent abstract bulletin by stenciling, then re- 
cuts each abstract on a card size stencil for running on a 
small machine, an operation admittedly uneconomic be- 
cause two typing jobs are involved for each abstract. 

All libraries and information groups are familiar with 
Library of Congress cards and similar cards which are 
printed (offset and from type) and distributed to a large 
number of users. Printing is definitely economic where 
large runs are involved. 
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There are many cases, of course, where the typing of 
eards directly will suffice, particularly where a private 
collection of punch cards is being assembled. In any 
eard file that is to become of growing importance with 
the years, high quality (preferably rag content) card 
stock should be employed to reduce deterioration, and 
durability of the printed legend should be carefully con- 
sidered. For example, groups using hectographing 
point out that reasonable diligence should be observed 
to prevent leaving cards for days on desks exposed to 
direct sunlight, which causes fading of most hectograph 
inks. 

Abstract bulletins, incidentally, are usually issued 
without covers, as are informal bulletins of other types, 
memoranda, ete. The title page, if one is used, is usu- 
ally run off by whatever method is employed for the 
text, although a printed page is used by some groups 
for periodical bulletins whose title-page format changes 
little from issue to issue. 

No further discussion seems necessary here, since each 
group must decide for itself what method or combi- 
nations of methods are best suited to its purposes. 


MISCELLANEOUS 


Little mention need be made here of the reproduction 
techniques employed in the internal operation of an in- 
formation service. Photostats or similar prints are 
often required of articles needed for use. Where such 
methods are needlessly expensive, resort is often made 
to microfilming and subsequent projection on a screen, 
or photoprinting. Such a service as the present A. C.S. 
Photocopying Service is invaluable for its ability to 
supply a copy of almost any scientific document. 

Discussion of such methods is not particularly ger- 
mane to this discussion, for they are not economic for 
the multicopy work usually required for reports. 
Nevertheless, the facilities involved are definitely re- 
quired for effective information service. 


DISCUSSION 


It is clear, by now, that there is quite a variety of re- 
production techniques which may be used for report 
reproduction and for other services of an information 
group. The selection of the methods to be employed 
by an individual group is, of necessity, a function of the 
equipment already possessed by the reproduction divis- 
ion of the parent organization (if such a division exists), 
the availability of such equipment for the desired serv- 
ices (important where speed is required), and the 
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possibilities of supplementing this equipment by ad- 
ditional machines or the use of available commercial 
services. 

Where no reproduction division exists, a group re- 
sponsible for report reproduction will have to decide for 
itself in regard to that minimum of facilities which is re- 
quired for the desired physical appearance. Budgets, 
today, are unusually adequate when compared with the 
past, and it is certainly timely for all organizations to 
survey their reproduction services and to see that they 
will be adequate and economic for future operations. 

This paper has by no means mentioned all the types 
and makes of reproduction equipment, especially in the 
field of illustration duplication. Naturally, no brief is 
held for any one make of any equipment. 

In the final analysis, it will probably be found that no 
group can afford all of the equipment for all of the pro- 
cesses for which it will have occasional demand. All 
that is of real importance is the availability of that mini- 
mum of equipment which can be quickly used in the 
majority of instances and the detision in advance as to 
what methods and which commercial services will be 
employed when a variant develops. 

Incidentally, one reproduction department of a large 
research laboratory has made the interesting statement 
that while its cost are higher than the average commer- 
cial establishment, no profit is added in, so that the net 
result is that actual costs are about 10 per cent lower 
than those of such concerns, all the way down the line. 

Technical reports and the searches, surveys, abstract 
bulletins, etc., of information services must be properly 
reproduced if their contents are to serve with maximum 
effectiveness. It is the duty of those in charge of such 
services to see that the proper economic methods are 
employed. 


ACKNOWLEDGMENTS 


Acknowledgement is gratefully made to Joseph B. 
Hosmer and James E. Garrett of the State Engineering 
Experiment Station and to Willard Jones of the Gulf 
Research & Development Company for their criticism 
and assistance. Thanks are also in order to the Atlanta 
representatives of Ditto, Inc.; the A. B. Dick Com- 
pany; and the Addressograph-Multigraph Corporation 
for their information and criticism, gnd to the Stein 
Printing Company, J. M. Marbut & Company, and the 
Commercial Letter Service (all of Atlanta) and Ed- 
wards Brothers, Inc. (Ann Arbor; Michigan), for their 
information regarding prices. 





GENERAL AID WANTED 


THE PRESIDENT’S Science Research Board says that general scholarships, not scholarships 
restricted to science students, are needed, if science research and teaching are to be promoted. 
The Board says that in the free competition for the best college students, science research and 


instruction will get their share. 


(And the American Medical Association says that medical edu- 


cation and medical science will be better serviced if more grants were available for strengthening 
college educational activities rather than for the prosecution of specific medical research problems.) 





THE USE OF PUNCHED CARD TECHNIQUES IN 
THE CODING OF INORGANIC COMPOUNDS:: 


Durtne tue recent war, extensive investigations were 
carried out seeking materials useful as antimalarials, 
insecticides, rodenticides, chemical warfare toxicants 
and for other biologically significant purposes. As a 
result there arose a strongly felt need for methods of 
classifying the chemicals examined, and several different 
coding systems were developed for the purpose. Some 
of these systems had as one of their aims the correlation 
of molecular structure with biological activity. Since 
the end of the war, the National Research Council has 
continued its work on classification through its Subcom- 
mittee on Chemical Codification. This committee, 
using the work of Frear and his associates® as a basis, 
has been developing a classification system designed to 
include all chemical compounds. While the work is 
being carried on under the auspices of the Chemical- 
Biological Coordination Center, it is hoped that the 
codification system can be used for many purposes, 
whether they are connected with biology or not. A 
preliminary report on the organic section of the code has 
been given by Morgan and Frear.’ 

The Inorganic Panel was established in the fall of 
1946 to work out methods of including purely inorganic 
compounds and mixed organic-inorganic compounds in 
the code. This article is a report of the progress of the 
Inorganic Panel. Suggestions and criticisms are in- 
vited; it is essential that the code be as nearly perfect 
as possible before it is put into use, and perfection can 
be approached only through the advice of ineretsted 
chemists. 





1 Presented at the 112th meeting of the American Chemical 
Society in New York City, September, 1947. 

2 This article is written for the Inorganic Panel of the Subcom- 
mittee on Codification of Chemical Compounds of the Chemical- 
Biological Coordination Center, National Research Council. 
Besides those listed as authors of the paper, the Inorganic Panel 
consists of L. F. Audrieth, University of Illinois; D. E. H. Frear, 
Pennsylvania State College; C. L. Rollinson, University of Mary- 
land; Janet Scott, Encyclopedia df Chemical Technology; C. C. 
Stock, Sloan-Kettering Institute; Roland Ward, Brooklyn 
Polytechnic Institute; and W. H. Woodstock, Victor Chemical 
Works. 

§ University of Illinois, Urbana, Illinois. 

4 National Research Council, Washington, D. C. Present 
address, University of Illinois, Urbana Illinois. 

5 Pennsylvania State College, State College, Pennsylvania. 
Present address, General Aniline and Film Corp., Easton, Penn- 
sylania. 

6 Frear, D. E. H., Chem. and Eng. News, 23, 2077 (1945); 
D. E. H. Frear, H. L. Kina, ann E. J. Serrer.e, Science, 104, 
2695 (1946). 
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A separate card is used for each compound, even 
though certain isomers and some other closely related 
compounds may have the same code number. The 
committee has adapted its classification scheme to 
standard machine-sorted punched cards containing 
eighty columns, each column having space for twelve 
punches. The first six columns of the card are used for 
the serial number of the compound and relate it to the 
master file where references and other data are to be 
found. Another fourteen columns show what elements 
are present and for some of the more important ele- 
ments (carbon, oxygen, nitrogen, sulfur, and the halo- 
gens) indicate the number of atoms present in the mole- 
cule. Forty columns are used in the codification of 
chemical structures and twenty in the codification of 
physical and biological properties. The portion of the 
card used to describe physical and biological properties 
of the compound can be used for any other properties 
without disturbing the codification of structures. 

Each chemical structure is described by a group of 
four symbols which are either letters of the alphabet or 
numbers. The first symbol of such a group of four 
represents the general type of structure being coded; 
the letters P to V, inclusive, are used in the codification 
of purely inorganic and mixed organic-inorganic struc- 
tures. The next two symbols define the structure more 
completely, while the last indicates the number of such 
structures in the molecule or ion being coded. Simple 
cations are in the R family, and R is therefore the first 
digit in the group designation of any such ion. The 
second and third digits indicate the nature of the ion 
and its state of oxidation. For example, 8F is the code 
number for ferric ion and 8G for ferrous ion. The 
fourth digit of the field indicates the number of ions (or 
atoms) present in the structure. Simple anions are 
similarly described in the 7 family. Barium chloride is 
RIE1T5I1. It should be observed that only one 
chloride ion is shown. This comes from the fact that 
this is an ionic compound, and that the chloride ions 
are not chemically combined. That is, this code num- 
ber describes a mixture of barium and chloride ions. 

Most ions, however, are not simple, but consist of an 
atom surrounded by groups which are coordinated to it. 
Familiar examples are [Cu(H2O),]++, [Pt(NHs)6]*‘, 
ClO.-, SO,--, and HPO;-~. A list of all of the com- 
mon coordinating groups has been prepared (with space 
left for the addition of other groups as they are needed), 





8 The digit 9 is taken to mean nine'or more, and the digit 0 to 
express an indeterminate number. 
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and each such group has been given a group number. 
Groups coordinated in the cation belong in the S family, 
while those which are in the anions are assigned to the 
U family. The number for coordinated water is 40, 
and that for O-? is 42. The compound [Fe(H:20).] 
(NOs)2 is coded R8G1—S406—T211—U423. The sym- 
bol 7211 refers to an anion containing one atom of Nt, 
It is agreed that the nitrogen in nitrate ion does not 
actually have a charge of +4, but certain arbitrary 
assumptions had to be made in drawing up the codi- 
fication scheme. The assumption made here is that 
-enough electrons have been removed from the more 
electropositive element of the structure (nitrogen) to 
fill the valence shell of the more electronegative. (The 
list of nonmetals, in order of increasing electro-negativity, 
is taken as Si, B, Sb, Te, As, P, Se, I, 8, C, Br, Cl, 
N, O, F.) If an ion consists of only two atoms, (e. g., 
hypochlorite ion) the more electronegative is considered 
to be coordinated to the other one. 

A small number of inorganic structures contain like 
atoms in the same oxidation state or in indeterminate 
oxidation states and linked to each other. Familiar 
examples are NeHy, H2O2, SeOs™, N3~, and FeSe. Instead 
of calculating the oxidation state of such ‘‘chained” 
atoms, a special group number is assigned to them. 
The number for the azide ion, for example, is 7208, 
indicating an anion (7’) containing a chain of nitrogen 
atoms (20) consisting of three such atoms (3). 

It may be instructive, before proceeding further, to 
indicate the complete codes for some elements in the R 
and J’ families. Those for chromium and chlorine are: 


7 (11) Cr chain 


Ta 

7K Ces 

7L : 

7 M Crt 

7? N Crt8 

y ¢ Cr +2* 

7 P Crt! 

7 Q Cr° or Cr of indeterminate oxidation statet 
7R 

§ (12) Cl chain 


6 H Cl° or Cl of indeterminate oxidation statet 
61 Ci-1 


The system is easily extended to include free ele- 
ments, intermetallic compounds, and non-ionic com- 
pounds in which a central atom is surrounded by co- 
ordinating groups. Free elements are considered to be 


in the zero oxidation state, and are assigned to the RF or. 


T family, depending upon whether they are metallic or 
nonmetallic. Thus, molecular chlorine is T5H2, oxy- 





* The symbol ¢ is used for alphabetic ‘‘O” to distinguish it 
from numerical zero. ‘ 

t In every case, the same designation is used for indeterminate 
oxidation state as for zero oxidation state. 
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gen is T2F2, and ozone is T2F3. Intermetallic com- 
pounds are assumed to consist of metals in the zero 
oxidation state. All metals fall in the R family. For 
example, Al,Cuy is coded as R454—R9IGI. The central 
atom of neutral molecules falls into the R or T family 
depending upon its metallic or nonmetallic nature. 
Thus: 
[Co(NHs)s(NO:)3] is R8¢1— S103 — S4ws 
(Co+8) (3NH; Co- (3NO2~ Co- 


ordinated ordinated 
to Metal) to Metal) 


Toi — U7386 
$*¢ in Six Fluoride Ions 
Anion or Coordinated 


SF, is 


Neutral to Nonmetal 
Molecule or Anion 


Many coordinating groups attach themselves to the 
central atom through two or more atoms (chelate ring 
formation). If the individual coordinating atoms are 
alike, the entire coordinating molecule has been given a 
group number, but if they are different, each coordinat- - 
ing group has its own group number. Thus, a biden- 
tate, primary diamine, such as ethylenediamine or 
propylenediamine, is represented by a single symbol 
(1A) while the anion of an alpha amino acid, which is 
also bidentate, coordinating through both the NH.~- 
and the COO- groups, is represented by two symbols, 
1(12) for the NH2~ and 4K for the COO-. The 
{Co(ethylenediamine)3]+++ ion is coded as R&8¢/— 
S1A3, while 


Al NH.—CH; 0 
[ok DI 
Oo——C=0 3 


is R8$1—S1 (12)8—S4K3. The organic coordinating 
groups in these compounds are also coded in the or- 
ganic part of the system. 

It is not unusual for crystals to contain ‘atiaiiia of 


solvent in the interstices of the crystal. These are not 
chemically combined with the other substances present, 
but they are present in stoichiometric proportions, and 
need may arise to code them. They are given the same 
group numbers as coordinated groups, but are assigned 
to the V family. Alum, for example, is known to have 
the structure K[Al(H20)¢](SO«)2 - 6H:Q, and is therefore 
coded: 

R421 — R661 — S406 — T6ll — 

(Alt? (Kt (Six Waters (Sulfur in 


Cation) Cation) Coordinated Anion) 
to Cation) 


U424. — V406 
(Four Oxygens (Six Ws aters 
Coordinated in Lattice) 
in Anion) 


Double compounds, either organic or inorganic, are 
coded as two compounds on the same card. 

Ring formation is so characteristic of certain inor- 
ganic structures that special provision has been made to 
describe noncarbon rings not containing carbon in the 
Q family. The digit following the letter Q represents 


(Continued on page 176) 





& THE ROLE OF CHEMISTRY IN THE DEVELOP. 
MENT OF DYEING AND BLEACHING’ 


INTRODUCTION 


Topay, beautifully dyed and bleached fabrics are as 
much a matter of course as the water we drink or the 
food we eat. It is difficult for us to imagine that not 
so long ago, such display of color existed only in nature. 
Actually, only a few centuries ago, a bleached linen 
shirt or a dyed coat was worn only by the well-to-do. 
In more ancient times, dyed and bleached textiles were 
forbidden to all except royalty. 

As to when, where, and how dyeing and bleaching 
first began, we can only hazard a guess. That these 
arts date back to the earliest times of which we have 
records is unquestioned. As to how dyeing and bleach- 
ing reached its present great development, however, 
need not be guessed. For its main path is recorded in 
the works of many chemists and of many men who 
followed the scientific way. 

Our main purpose is to trace this development. But 
the accomplishments of the prescientific period also 
merit our attention, if only to appreciate better the 
accomplishments of science. 

The ancients had only a comparatively few coloring 
principles and a limited number of mordants. Coloring 
principles giving compound colors were not known and 
such colors were dyed by superimposing one primary 
color an another. Blues were prepared from indigo, 
tyrian purple, woad or pastel dyed from a fermentation 
reduction bath. Reds were dyed with extracts of such 
insects as kermes' or cochineal, or with the vegetable 
madder. These reds were all dyed on an alum mordant. 
Yellows were prepared from a number of vegetable ex- 
tracts and were also dyed on alum. 

The great cost for dyeing and bleaching in ancient 
times was not due to some special fee charged by the 
dyer for his secret knowledge. The high price for dye- 
ing and bleaching was inherent in the high cost of the 
dyestuffs and in the long and laborious processes by 
which these colors and chemicals were applied. This 
may well be understood when we realize that it took 
from one to two years to prepare a well-bleached linen 
fabric and that several thousand shell fish were required 
to produce enough purple to dye a single garment. 

The ancients could and did dye and bleach fabrics 
having good properties even by today’s standards, but 
their art was completely empirical. The principles 





1 Presented before the Division of the History of Chemistry at 
the 112th meeting of the American Chemical Society in New 
York City, September, 1947. 
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- static for thousands of years. 
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Figure 1. A European Dyehouse, Circa 1700. 
involved were not understood and in fact there was no 
desire to understand. The industry thus remained 


BLEACHING BEFORE 1756 


In tracing back the history of bleaching to the earliest 
times, it is difficult to distinguish between bleaching 
proper, laundering, and preparation of the goods for 
dyeing. Nevertheless, at some distant period there 
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OP. 


arose a@ distinct art in the production of white fabrics. 
This art was probably first practiced by the same arti- 


sans who prepared dyed fabrics. It was not until 
comparatively recent times that bleaching as a distinct 
industry separate from dyeing came into existence. 

From the earliest times, bleaching was a special art 
when applied only to fabrics made of linen and cotton. 
Silk and wool were usually dyed, but if desired in white 
it was only necessary to expose the fabrics of these 
materials to burning sulfur to obtain satisfactory re- 
sults. With the cellulosic fibers, however, the problem 
was entirely different, as satisfactory whites could only 
be obtained by long and drastic treatment. . 

The system of bleaching used by the ancients was 
little changed during two thousand years. Different 
alkalies were introduced from time to time and every 
bleacher had his own special variation, but the process 
still consisted of alternate boiling of the goods, exposure 
to the sun, neutralizing in buttermilk or sour milk, 
rinsing and then repeating this whole process time after 
time until the goods were a satisfactory white. Im- 
provements in the art were not only hindered by lack of 
the application of chemical knowledge but also by the 
various governments, which through ignorance, actu- 
ally prohibited the use of certain beneficial materials 
such as lime in bleaching. The art of bleaching was 
actually more backward than the art of dyeing, for 
chemistry was not made use of in bleaching until al- 
most a century after it had been successfully applied to 
dyeing. Once chemistry was called in, however, the 
progress made in 50 years was more revolutionary and 
important than that of the previous two thousand 
years. 


HOME AND THE FIRST APPLICATION OF 
CHEMISTRY TO BLEACHING 


Dr. Francis Home of Edinburgh was the first to apply 
chemistry to the problems involved in bleaching. In 
1756 he published what was probably the first book on 
bleaching and his researches paved the way for the 
revolutionary advances in the art which took place at the 
end of the 18th century. The book accomplished this 
by getting the bleachers interested in the chemistry of 
their process for the first time. 

In the preface to this work, Home summed up his 
main thesis in these words: “TI find the most skillfull 
bleachers understand the general theory of their art 
tolerably well; but being ignorant of the principles of 
chymistry, cannot make proper use of this theory, or 
apply their knowledge to the advancement of their art.” 
Home, by way of example, studied the bleaching 
industry in detail. He investigated the alkalies used, 
showed their method of action, and developed methods 
for their analysis. He showed that sulfuric acid could 
be used as a sour in place of stale milk, with better con- 
trol of the process and a saving in time and money. 
Finally, he was the first to study in detail the types of 
water hardness and the causes, the effects of hard water 
on the bleaching process and chemical methods for the 
control of this hardness. 
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Be it remembered, That on the thirteenth 
day of November, in the twenty-zhird year of the In. 
_ dependence of the United States of America, ASA 
ELLIS, jun, of the faid diftri@, hath depofited in 
this Office, the title of a Book, the right whereof he 

" claims as Author, in the words following, to wit, 
“Tur COUNTRY DYER’s ASSISTANT, by A- 
SA ELLIS, jun.” 

In conformity to the A& of the Congrefs of the 
United States, entitled “ An A& for the Encourage- 
ment of Learning, by fecuring the Copies of Maps, 
Charts, and Books, to the Authors and Proprietors 
of {uch Copies, during the time therein mentioned.” 

N. GOODALE, Clerk of the Diftrif: 
of Mafachufetts Difirtg.. 


A true Copy of Record. t 
Auf, N. Goovare, Clerk, 


Figure 2. Registration of First American Book on Dyeing. 


THE CHEMICAL REVOLUTION IN BLEACHING 


The death knell for the old process of bleaching, which 
depended on the action of sunlight, was sounded in 
1774 when Scheele, discussing the properties of chlorine, 
which he had just discovered, wrote: “The bodies which 
I wished to expose to the action of this dephlogisticated 
aerial fluid were fixed in a glass tube which passed 
through the cork of the receiver. I observed (a) that the 
corks became yellow within the receiver, as from 
aquafortis, and the lute was likewise corroded during 
the distillation. (b) paper colored with lacmus became 
nearly white; all vegetable red, blue, and yellow flowers 
grew likewise white in a short time; the same thing 
happened to green vegetables. Meanwhile the water 
in the vessel was changed in a weak but pure muriatic 
acid. (c) The former colour of the flowers, or of the 
green vegetables, could not be recovered, either by al- 
kalies or acid.” 

Scheele thus was aware of the bleaching properties of 
chlorine, but he made no attempt to put these proper- 
ties to commercial use. [t remained for Claude Louis 
Berthollet to tame this intractable element and to put 
it to commercial use. 

Berthollet first used chlorine in the form of a water 
solution, as a bleaching agent for cotton and linen with 
satisfactory results as far-as the fabrics were concerned, 
but the injurious effect of the gas given off led him later 
to use the chlorine in alkaline solution. Within a short 
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time Berthollet’s alkaline solution came into wide use 
under the name of “‘Eau de Javelle’”’ and as “Eau de 


Berthollet.” 


The new method of bleaching was so much simpler 


and cheaper than the old that within a few years the 
bleach fields of Europe had disappeared. 
worthy that James Watt, having been present at some 
of Berthollet’s experiments with the bleaching action of 
chlorine, immediately saw the commercial possibilities 
and shortly thereafter introduced the process in Great 
Britain. 

Still further economies in the cost of chlorine bleach- 
ing were achieved in 1798 by Charles Tennant when he 
substituted milk of lime for caustic potash as the sol- 
vent for chlorine, and in 1799 when by passing chlorine 














a (77 a4 CL POC 4 
_Shoinad Obe0per ee Wed. (2, ae We ould (amiodener 
> aie C nase ; 4 
NLhourlte done fiom tje ty Vidbam I Bionenand, feat published 
tn hes Prrbait Galler ¥ Sf S istingushed brrerican'taiegons, PLE 


Figure 3. Thomas Cooper 
over slaked lime he was able to supply active chlorine 
in the form of bleaching powder. 

The new process of Berthollet and the improvements 
of Tennant came at a most fortunate time. ° The intro- 
duction of the power loom and power spinning was 
furnishing greatly increasing volumes of goods and this 
growing output called for a more rapid and economical 


It is note- 
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method of bleaching. Chemistry, through Berthollet, 
Watt, and Tennant, met this challenge. 

Today the chemists and chemical engineers of the 
textile industry are still meeting the challenge for 
speedier and more economical methods of bleaching, 
The introduction of peroxides at economical prices and 
the development of high speed continuous bleaching 
equipment have made the whole process a matter of 
minutes instead of days. Certainly chemistry has an 
even more important role in what was formally the art, 
and now the science, of bleaching. 


DYEING BEFORE THE INTRODUCTION OF THE 
SCIENTIFIC METHOD 


The history of dyeing followed very closely the same 
pattern as that of bleaching but its problems were much 
more complex. 

Although alchemy had been founded and a great mass 
of chemical facts had been accumulated during the 
middle ages, little progress in dyeing was made which 
can be attributed to chemistry until the middle of the 
17th century. 

Nevertheless some progress was made in the art dur- 
ing this’period and dyed fabrics became somewhat more 
available. This was due to three causes. First, the 
widespread production of certain chemical materials 
used as mordants; second, the discovery of the New 
World and the introduction of new and cheaper color 
substances such as cochineal and logwood; and finally, 
an occasional accidental discovery such as the produc- 
tion of a fast scarlet with tin and cochineal. 

By the middle of the 17th century dyeing was in no 
position to progress further until the principles underly- 
ing the processes had been studied and test methods had 
been developed for evaluating the results of these dye- 
ing processes. For the next two hundred years gradual 
improvements were made in dyeing—not by accident 
but as the result of study along these lines by the fore- 
most chemists of Europe. 


THE ROYAL SOCIETY AND DYEING 


The first application of this scientific method applied 


to dyeing was by the early members of tle royal 
society—by that band of men who have so many firsts 
in the scientific field to their credit. On April 30, 1662, 
Sir William Petty, one of the earliest members, pre- 


sented “An Apparatus to the History of the Common | 


Practices of Dyeing’ in compliance with the previous 


request of the society. While this short paper pre-j 
sented the facts as to the materials and methods used | 


in the English Dye Houses, it begins and ends with that 
modern scientific spirit which asks how and why. 

In this paper Petty gives the following concise state- 
ment of the state of dyeing at the beginning of this 
scientific period: ‘First all the materials (which of 
themselves do give colour) are either red, yellow or 
blew, so that out of them, and the primitive funda- 
menfal colour, white, all the great variety which we see 
in dyed stuffs doth arise.... Many of the said colour- 


ing materials will of themselves give no colouring at all | 
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unless cloth be first covered or incrusted with some other 
matter.” 

Petty gives the following list of materials used in 
dyeing at that time: Copperas and alder, bark, pome- 
granate pills, walnut rinds, galls and sumach for blacks, 
alum, argol, salt-peter, sal ammoniak, pot-ashes and 
stone lime; wine, aqua vitae, vinegar, lemon juice, 
nitric acid, honey and molasses, bran, flour, egg yolks, 
Of the coloring mat- 
ters themselves Petty says, ‘“Blews are woad, indigo and 
logwood: The Yellows are weld,wood-wax and fustick, 
as also turmerick now seldom used. The Reds are red- 
wood, brazil, mather, cochineal, safflowers, kermes- 
berries and sanders; the latter of which is seldom used 
and the kermes not often. Unto these arnotto and 
young fustick making orange colors may be added, as 


4 often used in these times.” 


Petty, after examining the various explanations for 
the use of alum gives the following theory of its action 
in the mordant process:. “I conclude that the use of 
alum is to be a vinculum between the cloth and the 
color, alum being such a thing, whose particles and 
aculei dissolved with hot liquors will stick to the stuffs, 
and fetch themselves into their pores; and such also, 
as on which the particles of the dyeing drugs will also 
catch hold.” This theory is exactly the same as the 
one we hold today. 

Among the other illustrious members who did not 
hesitate to study the dyeing process were Boyle and 
Hook. The former’s famous ‘Experiments and Con- 
siderations, Touching Colors” contain several studies 


4 directly related to the dyeing process, dyestuffs and 


colored textiles. But as Bancroft observed: “From 
this time it does not appear that anything considerable 
was done for nearly the space of a century by men of 
science in Great Britain towards improving the arts of 
dyeing and calico printing.”’ 


THE FRENCH CHEMISTS AND DYEING 


In France, however, at almost the same time, chem- 
istry began to serve the art of dyeing and continued to do 
so for two centuries, with the result that the dyeing 
industry of France quickly became one of the world’s 
outstanding industries. The entrance of chemistry 
into this field in France, however, came about not be- 
cause of the particular interest of a group of scientists, 
but through the auspices of a government which saw 
the possibilities of finanical return to France if the dye- 
ing industry was put on a sound basis by the help of 
science. 

In 1771 in France, the great minister Colbert caused 
to be published ‘“‘The General Instructions for Dyeing” 
which divided the dyers into two classes: ‘‘Dyers of the 
true colors” and ‘Dyers of the false,” and specified the 
types of dyestuffs, mordants, and chemicals which each 
group might employ. In addition there were contained 
therein strict regulations governing almost every detail 
of the practice of the art. 

The government soon realized that in order to carry 
out the regulations properly, an exact study of the 
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ingredients used in the “true’’ and “false” dyes would 
be required, as well as experiments as to the compara- 
‘tive fastness to light, weather, and washing of all the 
various colors. Finally, if the regulations were to be 
carried out promptly, proof liquors to distinguish 





Figure 4. Scheele Monument in Stockholm 


quickly the “true” from the “false” dyes would also be 
required. 

To carry out this work the government chose the 
illustrious Dufay, member of the Academy of Science. 
Dufay was the first of a long line of great chemists who 
were employed by the government of France during the 
following century to supervise and study the dyeing 
industry. 

The work of Dufay more then two centuries ago in 
many ways parallels work done by some of our modern 
color chemists on light and wash fastness. Dufay made 
hundreds of tests on the fastness of the various colors 
on wool and developed dyed fabrics which could be 
used as standards of comparison. In addition, he 
developed a series of simple testing solutions which by 
their reaction on a particular dyed fabric would dis- 
tinguish the type of dyestuff used and whether or not it 
was properly applied. 

Finally, Dufay was one of the first who held a true 
conception of the affinity existing between the coloring 
substances and the fiber of the dyed stuffs, and he noted 
the difference in dye affinity between wool, cotton, and 
silk. 

Dufay was succeeded by Hellot, who published an 
excellent practical treatise on the art of dyeing wool and 
woolen cloths and assisted in the improvement of this 
art in France. Nevertheless, Hellot adopted an erro- 
neous hypothesis in explaining the facts encountered in 
the dyeing of wool. He reasoned that in every dyeing 
process potassium sulfate was formed and that the whole 
art of dyeing consisted in first dilating the pores of the 
substance to be dyed, allowing the coloring matter to 
penetrate within the fiber, and then fastening the color 
atoms within the pores of the fibers with the small par- 
ticles of potassium sulfate. According to Hellot, alum 
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was useful in dyeing only because he supposed it to 
furnish the required potassium sulfate. 

On the death of Hellot his assistant Macquer, the 
author of the ‘Chemical Dictionary” and the outstand- 
ing French chemist at the time, succeeded to the posi- 
tion of Commissioner of the Council for Dyeing. 


Figure 5. Berthollet 
Macquer endeavored to lay’down the true principles of 
the art of dyeing and published a work on the dyeing of 
silk based on these principles. He developed processes 
for dyeing silk with Prussian blue and a method for 
obtaining on silk a scarlet with the same brilliance asthat 
heretofore obtained on wool by means of cochineal. 
Berthollet, the next in succession as Commissioner 
for Dyeing, has contributed so much to bleaching that 
his contributions to dyeing appear to be somewhat 
overshadowed. Nevertheless, Berthollet’s ‘Elements 
of the Art of Dyeing,’”’ was for a long period the out- 
standing scientific work on this subject. In addition 
to this work he gave a scientific basis for most of the 
processes used in dyeing at that time. His researches 
on the nature and action of alum, the sulfates of iron, 
copper, and zinc, the alkalies, cochineal, indigo, and the 
action of the sun’s rays on colors are just a few of his 
works related to dyeing. Perhaps of even more impor- 
tance was the fact that the devotion of such an eminent 
chemist as Berthollet to the study of dyeing over a 
period of years gave an impetus to chemists in countries 
other then France to devote their science and abilities 
to improvements in the important art of dyeing. 
Chaptal, Chevreul, and Dumas continued in the tra- 
dition of the earlier French chemists and each contri- 
buted his portion to the advancement of the color art. 
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THE WORK OF BANCROFT 


As mentioned above, there was little scientific a¢. 
tivity in England in the field of dyeing for a century 
after that of Petty, Boyle, and Hook. In the fourth 
quarter of the 18th century, however, several English 
chemists, perhaps inspired by the work of the French 
chemists, began a series of researches in the field of 
dyes and dyeing which in certain instances were of out- 
standing importance. Edward Bancroft was perhaps 
the outstanding among these English chemists and he ov. 
cupied a unique position in that practically all of: his life 
was devoted to the study and scientific improvement 
of dyeing. His “Experimental Researches Concer. 
ing the Philosophy of Permanent Colors’’ was prob- 
ably the outstanding authority on the chemistry of 
dyestuffs, mordants, and the dyeing process for fifty 
years. Bancroft’s introduction of quercitron, the pov. 


dered bark of the black oak, for dyeing yellows, was an 
outstanding scientific commercial contribution. 


EARLY AMERICAN WORK IN DYEING 


In the United States, little in the way of scientific re- 
search on dyeing or coloring materials was carried,out 
before 1900. Nevertheless, several early American 
writers on this subject predicated their works on 
scientific principles and all insisted on the importance of 
chemistry in the proper carrying out of the dyeing art. 

The first American work on dyeing was a small 
volume published in 1798 in Brookfield, Massachusetts, 
entitled “The Country Dyers Assistant.” Little is 
known about the author, Asa Ellis, but that he was 
thoroughly influenced by the work of the French chem- 
ists is evident by his plea in the introduction to his book 
for the government of this country to follow that of 
France in promoting the dyeing art, and by his state- 
ment that, “Too many dyers of this country have pre- 
cluded themselves from improvement. Confining them- 
selves to incorrect recipes, they have neglected experi- 
ments and other general means of information.” Ellis’s 
little volume was eminently practical and contained the 
results of his experiments on a number of native color- 
ing matters which had not heretofore been described. 

The next American work, while apparently popular 
as it passed through two editions, may be dismissed 
from our discussion with the words of Thomas Cooper: 
“That of Elijah Bemiss is marked by such a total igno- 
rance of chemical principles and some of the recipes are 
so strange, the work is not of equal merit with those 
which have preceded it.”’ 

The irrepressible Thomas Cooper may also be listed 
among the early American chemists who insisted on the 
improvement of dyeing. His large work entitled ‘A 
Practical Treatise on Dyeing and Calicoe Printing,” 
published in 1815 was, in the words of a contemporary 
reviewer, ‘‘one of the greatest benefits conferred uponthe 
useful arts of this country and an extensive prospect of 
improvement for every dyer.” 

Cooper’s ideas on the importance of chemistry in the 
improvement of dyeing are summed up in his own 
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words: “The art of dyeing is yet initsinfancy. Noone 
but a good chemist, who is at the same time a good 
dyer, could form any judgment of the very many unas- 


certained points that yet remain in this art. 
this in almost every page of the work. It isin dyeing as 
in all other branches of knowledge, a man must know 
much before he is aware of how ignorant he is. The 
only cure for the evil is a general introduction of chemi- 
cal knowledge, which bears upon the prnciples of almost 
every art and trade that subserves the comfort or con- 
venienee of common life.” 


PERKIN AND THE CHEMICAL REVOLUTION IN DYEING 


The year 1856 marked the beginning of the great 
revolutionary period in the dyeing art through chemis- 
try. In fact it marked the beginning of a great revolu- 
tion in chemistry in itself. For in that year Perkin dis- 
covered mauve, the first coal tar color. 

The details of this great discovery are known to 
every young science student. The perseverance of 18- 
year-old Perkin in pushing through the commercial 
adoption of this color and its commercial production 
within a year despite the discouragement offered by his 
teacher, Hoffman, and the dyers and printers, has 
served as an inspiration to all chemists. 

The introduction of mauve and the other synthetic 
dyestuffs completely changed the art of dyeing. The 
processes were simplified and scientific recipes furnished 
by color manufacturers were substituted for the old- 
time empirical formulas. Where before, the dyes were 
complex unstandardized mixtures, derived from natural 
products and subject to all the variations which climate, 
soil, and the human element could cause, they now 
became definite chemical substances, which could be 
tested, analyzed, and applied by standard methods. 

After Perkin had removed the obstacles in the path 
of practical application and had shown the way for 
the commercial production of aniline, benzol, and 
anthracene, it became comparatively easy to introduce 
other coal tar colors. Color after color was rapidly 
discovered and introduced to an eager dyeing industry. 
Alizarin and finally indigo were synthesized and the 
synthetic products replaced madder and natural in- 
digo. A new industry was born which completely 
changed within a short time the political and com- 
mercial pattern of the world. The production of dye- 
stuffs became a matter which depended now on chemi- 
cal knowledge and ingenuity rather than on particular 
circumstances of climate, soil, and cheap labor. 

On the occasion of the celebration of the golden jubi- 
lee in New York of Perkin’s discovery, the discoverer 
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remarked: ‘The wonderful growth of this industry 
has also, as a matter of course, created not only directly 
but indirectly an immense amount of employment for 
men of all classes, especially for the working classes, 
and although America has not become the manufactur- 
ing center for the production of these dyes, no doubt 
many thousands of Americans are engaged in the 
application.” 

Today America has become the leader in the syn- 
thetic dye industry. Many thousand different dye- 
stuffs are being made in this country and the dyeing 
industry of America has become a definite branch of 
applied chemistry. Dyeing today is less an art and 
more a science which is presided over by thousands of 
trained chemists. The future of dyeing remains com- 
pletely in the hands of chemistry. 
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ERRATUM 


An unfortunate error was made on page 5 of our January issue in the article on ‘“‘Wilhelm Ostwald” 


by Florence E. Wall. 


Among the Americans who worked in Ostwald’s laboratory, the Albert A. 


Noyes mentioned should have been the well-known Arthur A. Noyes, one of the eminent 
American chemists of his time. 





e THE STRUCTURE OF THE HEAVY METAL 
CYANIDES 


Tue srrucrure of the heavy metal cyanides, espe- 
cially that of the ferro- and ferricyanides, has long been a 
matter of considerable controversy. The chemical 
evidence which appears in the literature is conflicting 
and therefore it is extremely difficult to assign a correct 
structure to these compounds. The more recent X-ray 
and diffraction patterns furnish no evidence which can 
be used as a basis for determining the valency of the 
metal or locating the position of the cyanide groups. It 
is well to point out here that it is not yet possible to 
give a very satisfactory survey of the structures of the 
metallic cyanides because of the lack of sound experi- 
mental data. Further structural investigations of these 
compounds would be very desirable. 

The cyanide ion is found in the ionic cyanides of the 
alkali metals, as well as in the essentially covalent cy- 
anides where the cyanide group is attached by a covalent 
bond either from the carbon or from the nitrogen atom: 
—C=N: or :C=N—. There is the further possibil- 
ity that the cyanide group may be attached at both 
ends by covalent bonds, —C=N—, and undoubtedly 
this is the case in a number of metallic cyanides. 

The only metals known to form ionic cyanides are 
the alkali metals, sodium to cesium, and thallium (TI) 
(1). Apparently no investigation of the structure of 
the alkaline earth cyanides has been made. At ordin- 
ary temperatures, sodium cyanide, potassium cyanide, 
and rubidium cyanide crystallize with the rock-salt 
structure and cesium cyanide and thallium cyanide 
with the cesium chloride structure. The cyanide ion 
in these crystals is freely rotating, thereby acquiring 
spherical symmetry (1). 

The general structural relationships between the 
metallic cyanides appear to be similar to those between 
halides. The fluorides are the only halides of metals 
other than the alkalies which form essentially ionic 
three-dimensional complexes. The chlorides, bromides 
and iodides form more covalent chain, layer, or molecular 
lattices. These changes in structure type may be at- 
tributed, at least in part, to the decreasing electronega- 
tivity of the halogens as we go from fluorine to iodine. 
An analogous change in structure type is found in cy- 
anides, going fromtheelectropositive metals, the alkalies 
to the metals of later groups or B subgroups. Unfor- 
tunately very little is known of the structures of these 
cyanides, but it is likely that chain, layer, and molecular 
types will be found. 

Masaki (2) found that the addition of silver cyanide, 
silver chloride, silver thiocyanate, silver oxide, or silver 
chromate to an excess of sodium cyanide gives a molal 
ratio of combined cyanide to silver of 1:1, determined 
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by titration of the excess of cyanide with silver nitrate, 
Braekken (3) studied the X-ray diffraction patterns of 
silver cyanide recrystallized from sodium carbonate and 
proposed a chain lattice structure for this covalent 
cyanide in which there are infinite chains of alternate 
silver atoms and cyanide groups so that the cyanide 
group is attached at both ends to metal atoms. These 
chains are arranged parallel in hexagonal packing with 
the silver atoms placed at the points of a simple rhom- 
bohedron (4). The Ag—Ag distance along the chains 
(5.26 A.) is consistent with this —Ag—C—N—Ag— 
bonding, for if we take the C—N distance to be about 
1.15 A. (as in KyMo(CN)gs-2H20) we-should have 4.11 
A. for the sum of the Ag—C and Ag—N distances. 
Now the radius of two-covalent silver is given by Paul- 
ing as 1.39 A., being derived from the Ag—O distance 
of 2.05 A. in silver oxide using 0.66 A. as the tetrahedral 
radius of oxygen. With the values 0.77 A. and 0.74 A. 
for C and N, respectively, the sum of Ag—C and Ag—N 
is in good agreement with the observed values. 

Simple layer structures are possible for the cyanides 
of metals like divalent palladium, platinum, nickel, 
and copper which form four planar bonds (1). This 
suggested arrangement is shown below. 
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A very interesting example of the manner in which 
the requirement of attaining the stable coordination 
number may bring about the polymerization of coor- 
dination ¢ompounds is afforded by diethyl cyanogold, 
Et2AuCN (6). If this compound were monomeric, gold 
would have a coordination number three, and would be 
coordinatively unsaturated. Since, however, the square 
planar configuration is stable for trivalent gold, and 
since the cyanide group may coordinate with either 
end, the coordination maximum may be attained by a 
four-fold polymerization (R = ethyl or propyl): 


i rT 
R—Au—C=N — Au—R 
t 


N 

IA! AY 
eile <_N =o 

i 


150 








MAE 


X-re 
tetré 
twel 
the. 
cules 
figui 

Tl 
color 
elect 
ethy 
prop 
of tl 
weig 
giver 


salts 


WI 
heate 
comy 
valer 
coor¢ 
numl 


Do 
know 
and ¢ 
simpl 
gener 
[M7(( 
each 
m is 
these 
plexe; 
dinat 
carbo 
that ; 
just 1 
Howe 
droly: 








hich 
ition 
:00T- 
xold, 
gold 
id be 
uare 
and 
ither 
by a 











MARCH, 1948 


X-ray and molecular weight determinations confirm this 
tetrameric structure. This formulation, a symmetrical 
twelve-atom planar ring, affords additional support for 
the existence of coordinate linkages in complex mole- 
cules and is in keeping with the stereochemical con- 
figuration of the cyanide group. 

These compounds yield, with ethylene diamine, 
colorless crystalline derivatives (5), which also are non- 
electrolytes described as monoethylenediaminotetra- 
ethyldicyanodigold and monoethylenediaminotetra-n- 
propyldicyanodigold, respectively. The constitution 
of these compounds, from analytical and molecular 
weight determinations, is represented by the structure 
given below: 


CN 
abe — NH.—C.H,—I InN = Au—R 
~? 


Gibson, Buraway, and Holt (5) were unable to isolate 
salts of the type 


R NH; 
ae 
Au 2H, CN 
Ls 
R Hy 


When these cyanides, EteAuCN and PreaAuCN, are 
heated they lose half their alkyl groups and a definite 
compound is produced. The products contain two tri- 
valent gold atoms and two univalent gold atoms with a 
coordination number of two and an effective atomic 
number of 82. Gibson suggests the structure below: 


R 
Ru Coen — Au 


i & 

ue 
| : { 

Au — N=C fh ahi 
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Double cyanides are among the most stable complexes 
known. They are mostly unaltered in acid solution, 
and differ in color in a remarkable manner from the 
simple compounds of the metals they contain. The 
general formula for the metallo-cyanide ions is 
(M7(CN)m]-“—»). One extra electron is required for 
each cyanide group, and since the coordination number 
m is greater than the electrovalency x of the metal, 
these ions carry a negative charge of (m — x). In com- 
plexes of this type, the cyanide ion is apparently coor- 
dinated to the metal through the carbon atom. The 
carbon and nitrogen atoms are so nearly the same size, 
that it is difficult to determine from X-ray analysis 
just what the orientation of the cyanide group is. 
However, it is known that the cobalticyanide will hy- 
drolyze in the following way: 


) H,0 CoCOO~]nH,yt 
Ks[OofCNA ial (Cis 
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Such a reaction is similar to the hydrolysis of hydrogen 
cyanide. 

A great number of these so-called double complex 
salts conform to the composition required for the heavy 
metal partner to attain its stable coordination maxi- 
mum. In accordance with this principle, the most 
widely occurring and most important series of double 
salts are based upon the coordination numbers six 
and four for the central atom of the complex anion. 
The distribution of the types [M(CN).]~-*) and 
[M(CN),] —“-*) (where x = valency of the atom M) 
among the heavy metals is shown in the table (6). 


[M(CN).]-~@=) V3, V4, Cr2, Cr3, Mn!, Mn?, Mn?, Fe?, Fe?, 
Cor Co? Rh’, Ru’, ’Os?, Ir 
[M(CN),] -¢- 


Ni?, Cul, Zn, Ca Hg?’ Pd? Pt? 

In addition to these metals, there are a few elements 
which form thiocyanato compounds of similar type, 
although the cyano compounds are unknown. This 
may be due to the greater polarizability of the thiocy- 
anate ion, which enables it to form stable complex ions 
with cations of smaller polarizing effect (7. e., larger 
ionic radius) than can combine with the cyanide ion. 
Scandium fits in this way into the hexacido type of 
complex ion formation, with K3[Sc(SCN).] -4H.O, and 
divalent cobalt conforms to the tetracido type with 
Re [Co(SCN),]. 

The gold compounds, which contain the complex 
[Au(CN),]~, are less stable and are easily decomposed 
in acid solution (7). The liberated hydrogen cyanide 
does not give enough cyanide ions to move the equilib- 
rium 

{Au(CN),]~ = Au(CN); + CN- 


to the left and thus prevent precipitation of the simple 
cyanide. The salts of this complex are colorless and 
easily soluble in water. The cyanogen groups can be 
replaced in part by other halogens, e. g., in 


[aa HY 


A number of crystalline salts containing metallo- 
cyanide ions have been studied by the X-ray method. 
The discussion of some of these compounds will illus- 
trate the possible arrangements of the two, four, six, 
and eight covalent bonds. 

Conductometric and potentiometric titrations of 
potassium cyanide and silver nitrate led Dorrance, El- 
lis, and Matheson (8) to the conclusion that silver cy- 
anide dissolves in excess potassiun cyanide to form a 
double cyanide in which the ratio is 1:1 and hence 
the formula of the complex is KAg(CN):. The ions 
[NC—Ag—CN] ~ are linear with the same configuration 
of silver bonds as is found in the [H;N—Ag—NH,] + 
ion in tetrammino-silver sulfate (7). 

The stereochemistry of four covalent cuprous copper 
has been shown to be tetrahedral in the salt K;[Cu- 
(CN),] (1). The [Cu(CN),]* ion has a tetrahedral 
configuration like the Ni(CO), molecule with which it is 
isoelectronic. Glasstone (9) points out that electro- 
metric titration of CuCN and solubility measurements 
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in alkali cyanide solutions show that the complex ions 
Cu(CN).~ and Cu(CN);= can both exist. 

The double cyanides K2Zn(CN),4, K2Cd(CN),, and 
K.Hg(CN), are isomorphous (10). The existence of the 
complex Zn(CN).=, Hg(CN).-, and Cd(CN),= ions 
has been confirmed by Britton and Dodd (11) from pH 
measurements on the metal salts in the presence of 
potassium cyanide and by Glasstone (1/2) from meas- 
urements of cathode potential and current efficiency. 

The isomorphous tetrahydrates of BaPt(CN),, BaPd- 
(CN)4, and BaNi(CN), contain planar complex ions, 
in which the metals form coplanar dsp? bonds. This 
square planar configuration has been confirmed by 
Brasseur and de Rassenfosse (13, 14, 15) from a com- 
prehensive study of the nine crystals RM(CN),:-nH.O 
where R is Ca, Sr or Ba, and M is Ni, Pd or Pt. 

Eastes and Burgess (16) obtained a compound of the 
formula K,Ni(CN), by treating an anhydrous liquid 
ammonia solution of potassium cyanonickelate with 
excess potassium. If the potassium cyanonickelate was 
in excess, a different compound, K,Ni(CN)s3, was ob- 
tained. No explanation of the state of valence of the 
nickel in these compounds was offered. Deasy (17) 
in a later article postulates electronic formulas for the 
compounds on the basis of the modern theory. The 
negative radical of the compound K,Ni(CN),, [Ni- 
(CN),]==, is isoelectronic with nickel carbonyl, which 
also contains neutral nickel. Thus an electronic con- 
figuration is postulated which is similar to that sug- 
gested by Pauling (/8) for nickel carbonyl. 

Three resonating structures can be considered: 


Pr 














:N- 


Ct 
>N-::C+:Ni:Ct::N:- 








Structure A seems more satisfactory than the single- 
bonded structures since the nickel atom is neutral, 
rather than negative; and in its general behavior is 
electropositive rather than electronegative. It also 
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has a stable octet of electrons about the carbon atom: 
this is not shown in structure C, which has only a sextet 
of electrons. In A four of the 3d orbitals of nickel, as 
well as the 4s orbital and one 4p orbital would be used 
in bond formation. 

A detailed discussion of the nature of the bonds must 
be preceded by the determination of physical data, 
Probably, as in the case of nickel carbonyl, the molecule 
resonates between the double-bonded and _ single- 
bonded structures. 

Two resonance structures are suggested for the Ni- 
(CN)3= ion: 


“4— = 


tN: sC:Ni-:C::2: 
Cc 


; 2N-::C::Nit#::0::N:7 
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N:- 














: : J 

D E 
Formula D may make the greater contribution because 
here the nickel is electropositive. In this structure 
four 3d orbitals, the 4s, and one 4p orbital might be 
used in bond formation, with the unpaired electron in a 
second 4p orbital. A similar structure can be postu- 
lated for E, which one 3d, the 4s, and one 4p orbital 
used for bond formation, and the lone electror in a 4p 
orbital. 

Either of these would be an electronic configuration 
similar to that of cobalt in the Co(CN),== ion, in 
which it is postulated that the unpaired electron of 
cobalt occupies the outer unstable 4d orbital. This 
outer lone electron is believed to account for the un- 
stability of the complex. The chemical behavior sup- 
ports the above formulation for the [Ni(CN)3]=. 

Magnetic susceptibility measurements of nickel cyan- 
ide complexes have been very helpful in evaluating 
their spatial configurations. The cyanides, K,Ni(CN), 
and K,Ni(CN),-H20, which contain Ni(CN), = groups 
are diamagnetic and planar. Nickel cyanide hepta- 
hydrate has a normal moment for the Ni? ion, but on 
dehydration the para-magnetism decreases. Ni(CN), 
containing from two to four molecules of water has a 
moment of only about one-half that for ionic nickel 
compounds. This suggests that these hydrates con- 
tain approximately equal numbers of planar covalent, 
Ni(CN),.=, complexes and ionic Ni(OH:)4++ or. Ni- 
(OH2)s*+* groups. On further dehydration a substance 
is obtained with an apparent moment of about 0.5 
Bohr magneton or less. Bose (2/) concludes that com- 
pletely dehydrated nickel cyanide would be diamag- 
netic. 

Many salts containing ions of the type [M(CN)g] 
have been prepared, the best known being the simple 
ferro- and ferricyanides. The complex M'(CN)6.]® is 
produced when solutions containing trivalent metal ions 
are treated with cyanide ions; e. g., when excess of 
potassium cyanide is added to solutions of the trivalent 
metal salts or when the hydroxides are dissolved in 
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potassium cyanide. Intermediate compounds are often 
formed on treating salt solutions with potassium cy- 
anide; their composition’ is variable, and sometimes 
they dissolve only in boiling potassium cyanide. 

These complex cyanides can also be prepared by oxi- 
dation of [M?(CN)s]-= compounds (7). Thus K;[Fe*- 
(CN)s] can be made by oxidizing K,[Fe?(CN).] with 
chlorine, bromine, permanganate, or lead peroxide; 
however, in many instances, the reduction potential of 
the lower double cyanide is so small that oxidation of 
some compounds takes place even in the air; eg., 
formation of [Mn3(CN).]= from [Mn?(CN).]= or of 
(Co3(CN)s]= from [Co?(CN)s]—-. Indeed, if air is 
absent, this latter radical, [Co?(CN).]-~, decomposes 
the water in which it is dissolved, and hydrogen is 
evolved, as in the action of vanadous and chromous 
compounds. 

The potassium salts of the double cyanides were 
among the first to be isolated. Both the alkali and 
alkaline earth metal salts of the ferrocyanides are solu- 
ble in water, and contain the simple [Fe(CN).]== ion 
which exists in the free acid HyFe(CN).. The alkali 
salts of the chromium double cyanides are pale yellow, 
those of manganese red to black, of cobalt very pale 
yellow, and of ferric iron brownish red. The alkali salts 
of the double cyanides of chromium, manganese, co- 
balt, iron, and iridium are isomorphous. 

No simple ferrocyanide has yet been thoroughly 
studied (7), but in a number of cobaltammines the oc- 
tahedral configuration of certain hexa-cyanido ions 
has been demonstrated. Thus the salts [Co(NHs)<] 
[(Co(CN)e], [Co(NHs)¢] [Cr(CN)e], and [Co(NHs3);H20] 
[Fe(CN).] crystallize with octahedral ions which pack 
together in much the same way as the cesium and chlo- 
ride ions in cesium chloride. 

The cyanides of iron have low or diamagnetic sus- 
ceptibilities. K,Fe(CN)s is diamagnetic, and K;Fe- 
(CN). has a moment corresponding to one unpaired 
electron (22). The complexes are octahedral, and the 
reason for the magnetic moments being as they are is 
clear from the following consideration of the electron 
distribution : 
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Pauling (23) is of the opinion that the structural for- 
mula usually written for the ferrocyanide ion, 
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with single covalent bonds from the iron atom to each 
of the six carbon atoms, is not logical since it places a 
charge of 4~ on the iron atoms. Iron tends to assume 
a positive charge, as in the ferrous ion. The cyanide 
group is an electronegative group, and the Fe—C bonds 
accordingly have some ionic character, which, however, 
can hardly be great enough to remove the negative 
charge completely from the iron atom. Now if the 
assumption is made that the cyanide group in this com- 
plex can function as an acceptor of electrons, the bonds 
can resonate among the following types: 

A_ Fe (CN)- 

By . Fe=s@3::N: 

CG We::G::8:- 


The first of these represents an electrostatic bond be- 
tween the iron atom and the cyanide ion, the second a 
single covalent bond from iron to carbon, and the third 
a double covalent bond, with use of another 3d orbital 
of the iron atom with its pair of electrons. The first and 
the third of these place a negative charge on the cya- 
nide group, and the second leaves the group neutral. 
Resonance among these with the second structure con- 
tributing only about one-third would make the iron 
atom in the complex electrically neutral, the negative 
charge 4~ being divided among the six cyanide groups. 

By using all the 3d, 4s, and 4p orbitals of the iron 
atom the valence-bond structure 


W- Ns 
j L 
‘e € 
|| 7 es 
: N=C——-Fe—=C=N: — 
Z\, 
C 


i” X : 








can be written for the ferrocyanide ion. This structure 
is, of course, in resonance with the equivalent structures 
obtained by redistributing the bonds. It is probable 
that the ionic character of the bonds is great enough to 
transfer further negative charge to the nitrogen atoms, 
making the iron atom neutral or even positive. It is 
convenient, however, to represent the complex ion by 
the conventional structure, just as, for convenience, 
the benzene molecule is often represented by a single 
Kekulé structure. 

For other anionic cyanide complexes of the transition 
elements, such as [Fe(CN).]=, [Co(CN)s]=, [Mn- 
(CN)sI=, [Cr(CN)s]—, [No(CN)J=, [Zn(CN)«]-, 
[Cu(CN).2]=, similar structures involving partial double 
bond character of the metal-carbon bond can be writ- 
ten. 

The double cyanides of some of the heavy metals are 
highly colored insoluble compounds which are struc- 
turally quite different from the simple soluble ferro- 
eyanides. The nature of these compounds will be dis- 
cussed later in this paper. | 

Molybdenum and tungsten form complex octacya- 
nides of the type KsM(CN)s:2H,O. Hoard and Nord- 
sieck (19) have determined the structure of potassium 
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molybdocyanide dihydrate and the configuration of 
the molybdenum octacyanide group by X-ray analysis. 
The exact nature of the molecule or complex ion of 
formula MXg had not been established with certainty 
until X-ray methods were employed. The cube and 
the square Archimedean antiprism have been regarded 
as geometrically plausible possibilities. Hoard and 
Norsieck proved that the eight cyanide groups in the 
[Mo(CN).== complex ion are arranged at the apices of 
a dodecahedron around the metal atom. The C—N 
bonds are collinear with the Mo—C bonds, their mean 
lengths being: Mo—C 2.15, and C—N 1.15 A. The 
orbitals used in these octacovalent complexes are pre- 
sumably the four 4d, one 5s, and three 5p orbitals, but 
this spatial arrangement of bonds had not been pre- 
dicted and no theoretical treatment of such dodeca- 
hedral bonds has been given. 

Crystals of potassium tungstocyanide dihydrate, 
K,W(CN)s:2H20, and potassium molybdocyanide di- 
hydrate are almost surely isomorphous, and the 
[W(CN)s]*~ ion probably has the configuration estab- 
lished for the [Mo(CN)3] group (19). 

When solutions of the complex cyanides [M(CN)¢] 
of such metals as Fe, Co, Mn, Cr, etc., are added to 
solutions of salts of transitions metals or divalent cop- 
per, insoluble compounds are precipitated in many 
cases. The precipitates formed are mostly flocculent, 
slimy or gelatinous, and always contain alkali metals, 
but the nature of the substances makes it difficult to 


determine whether these are only adsorbed from solu- 


tion or in chemical combination. There is no doubt, 
however, that the adsorption is an important factor. 

The addition of ferrocyanide ions to ferric salt solu- 
tions results in the production of blue substances 
bearing the generic name Prussian blue. When an ex- 
cess of ferric ion is employed, the product has the for- 
mula Fe,[Fe(CN)¢]3 and is known as insoluble Prussian 
blue. From equimolecular quantities of ferric and 
ferrocyanide ions, a product is formed which contains 
the metallic ion of the soluble ferrocyanide employed. 
Thus, with potassium ferrocyanide, the blue product 
has the formula KFe[Fe(CN).] and is known as soluble 
Prussian blue. The term soluble is a misnomer, how- 
ever, and refers not to the true solubility of the product 
but to the ease with which it forms colloidal solutions. 
When dried these complexes are very stable toward 
acids, and are, as we shall see, quite different in struc- 
ture from the simple soluble ferrocyanides. 

The structure of Prussian blue and its related com- 
pounds has been a problem of particular interest for a 
number of years. The chemical evidence, which is due 
largely to the efforts of Hofmann (24), Eibner and Ger- 
stacker (25), and to Erich Muller and his students (26), 
is very confusing. Substances termed a, 8, and vy 
soluble Prussian blue have been reported in the litera- 
ture. Actually, these compounds differ only in the 
ease with which they may be dispersed colloidally, and 
both Wells (27) and Emeleus and Anderson (28) state 
that all such compounds are actually identical, with the 
general formula RFe[Fe(CN).] (where R = an alkali 
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metal, usually potassium). That is, all the compounds 
variously described as Turnbull’s blue, from a ferrous 
salt and ferricyanide, Prussi&n blue, :from a ferric salt 
and ferrocyanide, and “soluble Prussian blue,’ have 
the composition KFeFe(CN)¢H:0, though there may 
be more water associated with the material if it is in the 
colloidal form. Because of the methods of preparation, 
Turnbull’s blue was originally formulated KFe?[Fe'- 
(CN)s] and Prussian blue as KFe®[Fe2(CN).]. The 
chemical evidence is not conclusive since the action of 
NaOH on Prussian blue gives ferric hydroxide and 
NayFe(CN)s, whereas ammonium carbonate yields 
(NH,)3Fe(CN)e. 

Davidson (29), in summarizing most of the chemi- 
cal work done on the Prussian blues, stresses the im- 
portance of the existence of an equilibrium reaction 


Fe+ + [Fe(CN).]*~ = Fe?+ + [Fe(CN)<]*~ 


between ferric, ferrous, ferrocyanide, and ferricyanide 
ions. This agrees with the experimental facts that the 
formation of soluble Prussian blue is a slow reaction, 
which is accelerated by the ions Fe*-, [Fe(CN).]*-, 
and [Fe(CN), 4~, but retarded by ferric ions. Such 
data tend to support the ferric ferrocyanide structure of 
Prussian blue. The reduction of ferric ferricyanide, 
Fe*[Fe3(CN)¢], with hydrogen peroxide (which reduces 
ferricyanide, but not ferric ion) will produce Prussian 
blue; it can also be formed by reduction of ferric ferri- 
cyanide with sulfur dioxide (which reduces ferric iron 
but not ferricyanide). 

The precipitation of ferrocyanides of the heavy met- 
als has been studied conductometrically by Kolthoff 
(30) and by Britton and Dodd (11) who concluded that 
insoluble double salts were formed for which a definite 
chemical formula could be written. 

Several structures have been proposed for the 
Prussian blues (29), but it was not until 1936 that the 
true nature of the complex anion was revealed. Keggin 
and Miles (31), who were the first to investigate the 
X-ray diffraction patterns, show that all the Prussian 
blues can be regarded as derived from the structure of 
ferric ferricyanide or Berlin green, Fe[Fe(CN).]. This 
has a cubic crystal lattice (Figure 1), the unit cell 
being 5.1 A. on a side (C). In (C) all the iron atoms 
are in the ferric state. Soluble Prussian blue is also 
cubic with a side of 10.2 A. The essential skeleton is 
the same but alternate iron atoms are reduced to the 
ferrous state (A). Every alternate small cube contains 
an alkali metal ion, taken up to maintain electrical 
neutrality. If water molecules are present, they pre- 
sumably occupy similar positions. Lithium and ce- 
sium, with very small and very large ions, respectively, 
do not form compounds with this structure. In fer- 
rous ferrocyanide (B) all the iron atoms are reduced to 
the ferrous state. Every small cube is now occupied 
by an alkali ion as is required by the formula K,FeFe- 
(CN). 

The iron atoms of Prussian blue cannot be dis- 
tinguished as ferrous and ferric ions; Emeleus and 
Anderson (28) state that it is likely that the iron atoms 





eithe 
port 
dene 
in th 
iron. 
coor 
coor 


Each 
six a 
grou 
ions 
with 
whicl 
[Fe?| 
sugge 
acid, 
actio: 
repre 
rathe 
iS USU 
a fert 
than 
Vai 
ferric 
cobal 
that v 
ture 
the m 
ble” J 
presuy 
six ad 
bonds 
The ¢ 
iron is 
A D 
metals 
of the 
merms 
point ¢ 
not ha 


MARCH, 1948 


are equivalent, and that the valency state and charge 
distribution are evened out by a resonance process. 
Compounds with the Prussian blue structure include 
KCuFe(CN)., CueFe(CN)e—which contains no alkali 
ions—KMnFe(CN)., KCoFe(CN)s, KNiFe(CN)., and 
KFeRu(CN). (ruthenium purple) (27). The com- 
pound with the empirical formula KMn(CN)),, pre- 
pared from a manganous salt and potassium cyanide, 
is green in color and very soluble, suggesting that it is 
really Ke[MnMn(CN).] with the same type of three- 
dimensional complex as [FeFe(CN)¢] in Prussian blue. 

The cyanide groups are not definitely located by the 
X-ray analysis. However, Emeleus and Anderson (28) 
maintain that their position can be determined with 
certainty from the following considerations. The fact 
that the cyanide group can coordinate by means of 
either its carbon or its nitrogen atom leads to the im- 
portant concept of supercomplex formation. The evi- 
dence of alkylation (28) suggests that the carbon atoms 
in the ferrocyanides are attached to the central atom of 
iron. The nitrogen of each cyanide group can then 
coordinate with another heavy metal atom to fill one 
coordination position: 


Each [Fe(CN).]*~ anion then becomes surrounded by 
six attached cations, and each cation by six [Fe(CN).] 
groups. The union of ferricyanide ions with ferric cat- 
ions then gives Berlin green; that of ferrocyanide 
with ferric or ferrous ions gives super-complex anions 
which can. be written loosely as [Fe*[Fe?(CN).]}— and 
[Fe?[Fe?(CN).]]=, respectively. Davidson (29) has 
suggested that [Fe*[Fe?(CN).]] may be termed berlinic 
acid, and the soluble Prussian blues berlinates. The 
action of excess ferric iron on a ferrocyanide may be 
represented as forming a ferric berlinate Fe[Fe(CN)«] Js, 
rather than a true ferric ferrocyanide Fe,[Fe(CN)¢]3, as 
is usually written, while an excess of ferrous iron with 
a ferricyanide similarly gives Fe[Fe[Fe(CN).]]2 rather 
than true ferrous ferricyanide. 

Van Bever (32) has investigated the structures of the 
ferricyanides of divalent cadmium, manganese, zinc, 
cobalt, copper, and nickel. 
that were studied were reported to have the.cubic struc- 
ture (33). Welo and Davidson (34), who measured 
the magnetic susceptibilities of ‘soluble’ and ‘‘insolu- 
ble” Prussian blue, show that half of the iron atoms, 
presumably those bonded to the carbon atoms of the 
six adjacent cyanide groups, form essentially covalent 
bonds, whereas the other iron atoms form ionic bonds. 
The data do not show whether the covalently bond 
iron is trivalent or bivalent. 

A number of anomalies in the complex cyanides of 
metals other than iron can be understood on the basis 
of the existence of super-complexes. Reihlen and Zim- 
merman (35), in formulating the structures, made this 
point clear, but it was later shown that their theory did 
not have a sound basis. 


All of these compounds - 
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An interesting series of salts which probably consti- 
tute an intermediate stage between a simple complex 
cyanide and the supercomplex structure are the Strom- 
holm salts. Stromholm (36) suggested a polynuclear 
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for the structure of these compounds, RyFe(CN).-- 
3Hg(CN)>. 

The reactions of the brown copper ferrocyanide, 
Cu2Fe(CN)¢s:nH20 (n probably 7 or 10), formed from 
a cupric salt and K,iFe(CN)., show that is not a simple 
salt. These reactions 


boil with 
CaFe(CN ecacuFe(CN)s 
CuzFe(CN Ye . nH,O 


dilute > | Cu(NHs)4] [CuFe(CN)s] - H20 


NH,OH 


suggest that the brown copper compound is a salt of a 
[CuFe(CN).]= anion, namely Cu[CuFe(CN)g]. 

Of the substituted cyanides, probably the best 
known is sodium nitroprusside, Nag[Fe(CN);NO] -- 
2H.0. It serves as a starting point for the preparation 
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of many other compounds, and is obtained by the oxida- 
tion of potassium ferrocyanide with dilute nitric acid 
and then neutralization of the liquid with sodium 
number. 

The requirement of attaining the stable coordination 
number of the metal atom in the majority of cases 
known directly influences the nature of the complex 
formed. In many covalent cyanides a polymerization 
of the inorganic compound results. The key to the 


constitution of these compounds, which has for many 
years been in dispute, has been supplied by the X-ray 
analysis of their structure. 
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RAPHAEL EDUARD LIESEGANG 1869-1947 


In June, 1945, THIS JOURNAL reported the death of Wolfgang Ostwald, a pioneer of 


modern colloid chemistry. 





Today it is my sad duty to inform the readers of THIS 


JOURNAL that Raphael Eduard Liesegang, another great'scientist, died at his desk 
in Bad Homburg, Germany, on November 13, 1947. . 

Anyone familiar with the German literature on chemistry, geology, biology, and 
medicine will agree with me that science has lost one of its most outstanding personali- 


ties. 
will forever stand as a monument to him. 








His contributions to photography and the chemical reactions occurring in gels 


His colleagues will, however, not only mourn the loss of a friend, but of a great 
personality. Rarely does one find an individual with so strong an idealism, a man who 
always kept his own personality in the background when scientific problems needed 


his advice. 
devotion to science. 









I cannot think of another man who was endowed with such insatiable 
Even in his last years he excelled therein, and remained to the 


last minute true to what he said in his autobiography, written on his sixtieth birthday: 


**T shall always remain a free student.”’ 


man whose entire life was devoted to science. 








We have lost in Raphael Eduard Liesegang a 


If we follow his example and apply our 


devotion to science to safeguard humanity from destruction, we will not only follow 
in his footsteps, but will also have erected the memorial he deserves.— 
Dr. Ernst A. Hauser, Massachusetts Institute of Technology. 
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THE PRACTICE OF SAFETY IN THE CHEMICAL 
ENGINEERING LABORATORY 


Tue CuemicaL ENGINEERING staff at the University 
of Oklahoma has long recognized the importance of ac- 
cident prevention in the operation of its laboratories. 
All of its staff members to date have had previous 
training in those branches of industry where the prin@i- 
ples of safety in operation and construction have been 
placed in the forefront. Before our students enter the 
unit operations laboratory or undertake research which 
calls for experimental work, they are given instruction 
in the basic principles of safety and are also informed of 
the common hazards which may be avoided in the labo- 
ratory. The purpose of this paper is to point out some 
of the salient points which are covered in our safety lec- 
ture and in the laboratory rules which are distributed on 
mimeographed sheets. The staff realizes that a com- 
plete course in safety would require far more time than 
the short span of a few lectures; nevertheless, the re- 
sults of these brief instruction periods show that our 
students have become conscious of the value of safe 
operating and construction techniques. 

Elements of Safety. Accidents are not a normal or es- 
sential part of engineering operations; therefore they 
can be prevented. By knowing the major causes of ac- 
cidents, one can readily tackle and eliminate this un- 
necessary enemy which takes such a heavy toll of life 
and limb in this modern machine age. These major 
causes may be classified as follows: 

(1) Lack of elementary instruction in the proper 
methods of handling tools and operating machinery and 
plant equipment. 

(2) Physical unfitness for the job, such as poor eye- 
sight, a weak back, or an injured member of the body. 

(3) Overzealous ambition to do more than a normal 
man should do, such as the lifting of excessive loads or 
climbing to heights without proper safety equipment. 

(4) Improper mental attitude of the employee or 
student toward the job at hand as a result of such 
things as lack of sleep, sickness, or domestic troubles. 

(5) Natural awkwardness of the worker himself 
which marks him as a chronic accident repeate?; how- 
ever, causes 1 to’4 inclusive may contribute indirectly 
toward so-called awkwardness. 

(6) Lack of mechanical safeguards around machinery. 
This cause is one which can readily be eliminated by 
strictly following standard codes. Causes 1 to 5, in- 
clusive, can result in accidents no matter how well all 
machinery and tools are maintained or protected by 
safeguards. ‘ 

The Student’s Part. In the safety lecture, emphasis is 
placed on the value of safety practice, not so much for 
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the benefit of the school as for the individual returns 
each student can expect through his cooperation in the 
program, such as freedom from suffering or loss of time 
which would result from accidents. Each student is 
requested to act as a committee of one to promote 
safety in the laboratory and to offer suggestions to the 
staff should he see how any present hazards may be 
eliminated. In this way the student becomes a part of 
the safety force. At the same time we make it clear to 
the student that no accident, however minor it may 
seem to be, should go unreported, as the staff is to be 
the judge of the treatment which is to be given. In 
case of any doubt, or if the student expresses a desire 
for medical attention, the staff member always sends 
the student to the University hospital or infirmary. 

Importance of Proper Clothing. Although machinery 
is supposed to have ample guards to protect its opera- 
tors the students are required to wear work clothes 
which industry approves for its plant operators. Girls 
are requested to wear coveralls and the men to leave any 
loose apparel such as neckties in the dressing room. 
Moving parts of machinery are never to be touched un- 
less it is an essential part of the operation and then 
never with a loose rag. 

Handling of Tools. A lecture of one hour is given 
covering the topic. For example, this student is shown 
how to fit a pipe wrench onto a fitting so that the wrench 
will not slip. At the same time he is told never to de- 
pend upon a wrench to hold him secure when he is 
working on an elevated platform. Whenever the jaws 
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of a wrench become worn they should be replaced by 
new ones. Each pipe size requires a wrench of a certain 
size, otherwise the fitting may be ruined by too much 
power if the wrench is too large, or it will leak if too 
small. The use of a piece of pipe to augment the lever- 
age of a small wrench is considered to be bad practice. 

Such techniques as.the cutting of pipe by hack-saw 
or pipe cutter, the threading of pipe, the cleaning of 
pipe threads, the use of pipe and bolt taps, and the 
breaking apart of old fittings from pipe nipples are 
shown to the class as a group. 

Design of Pressure Vessels and Piping. The under- 
graduate student is seldom required to design or operate 
any equipment which calls for high pressure or high 
temperatures. He is given the advice to allow for an 
ample safety margin when he is faced with such a prob- 
lem and if possible to obtain the counsel of an experi- 
enced engineer. Under all conditions the pressure ves- 
sel must first be tested hydrostatically with water up to 
at least twice its normal working pressure, provided the 
operating temperature is substantially the same as the 
water test. All pressure vessels must be equipped with 
some kind of relief valve or safety head to take care of 
unexpectedly high pressures. All fittings such as valves, 
ells, unions, etc., must conform to the same pressure 
and temperature specifications as the vessel to which 
they are connected. Such references as the A.S.M.E. 
Boiler and Unfired Pressure Vessel Codes are given as 
guides for design work. 

Explosive Mixtures. Smoking should be prohibited in 
all chemical engineering laboratories. This rule may 
sound harsh for the inveterate smoker who will argue 
that welding is done in the laboratory and that flames 
are used for certain experiments. He forgets, however, 
that the staff has control over the use of welding 
torches and other flames but without a ‘‘No Smoking” 
rule a match may be struck by someone, such as a visi- 
tor, at the time an explosive mixture may be present. 
Strike-easy matches should not be taken into any labo- 
ratory, for they might accidentally fall on the floor. 

Before cutting into any vessel with a torch or chisel, 
it should be steamed out thoroughly. If any organic 
material is left in the vessel at the end of the steaming 
period, a small stream of steam should be passed 
through the vessel when it is pierced by flame or chisel. 
No matter what an empty vessel may have contained, 
steaming is always mandatory. For example, acid will 
cause hydrogen to be released in an iron drum. 

If it is necessary for one to enter a vessel, such as a 
boiler, it should be completely isolated and discon- 
nected from the surroundings. Never enter a vessel un- 
less someone is on the outside who can pull you out in 
case you are overcome by fumes or by heat. If air must 
be supplied from the outside, it is much better to use a 
blower than\ to pull air into one’s lungs through tubing. 

Never strike a match in a room which has been closed 
for a long time unless it is checked by a Bureau of Mines 
Explosive Mixture Tester. 

Never depend upon one’s senses to detect an ex- 
plosive mixture, but should one smell any unusual odor 
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all flames should be extinguished until the danger js 
over. 

Finely divided dust such as flour, aluminum dust, 
etc., can form a highly explosive mixture. 

Generalities. (1) Sight is probably man’s most valu- 
able sense. Goggles should be worn when any grinding, 
chipping, or welding is done. 

(2) If height causes dizziness one should not be re- 
quired to work at an elevation. 

(3) Whenever a worker is located above you, try to 
keep on guard for all falling objects. 

(4) Never set off false alarms or be prankish while in 
the laboratory. Your fellow worker may not take you 
seriously when you really need help. 

5) If working in a confined space make sure that 
available exits are marked and no obstructions are be- 
tween you and the exits. 

(6) In fighting an electrical fire never use a liquid 
which conducts electricity. Carbon tetrachloride is a 
nonconductor of electricity but it generates phosgene 
when it comes into contact with a flame. 

The Use of Chemicals. The Alpha Chi Sigma frater- 


nity published a set of rules several years ago which | 


cover very completely the safe operation of any chemi- 
cal laboratory. They are included in this paper since 
the chemical engineer must necessarily be familiar 
with the “test tube” as well as the operation of the 
“pilot plant.” 


LABORATORY SAFETY RULES 


1. Use all chemical laboratory equipment and chemi- 
cals only according to laboratory procedure and 
instructions. 

2. Keep all inflammable liquids or gases away from 
open flares, open electrical equipment and 
other sources of ignition. 

Avoid breathing gases or vapors of all kinds, es- 
pecially benzene, carbon tetrachloride, nitric 
acid, bromine, chlorine or hydrogen sulfide. 
Work under a hood. 

Use goggles or a face shield when handling strong 
acids and bases where there is danger of splash- 
ing. If splashed use water freely and then 
rinse the skin with a ten per cent ammonium 
chloride solution. For the eyes a one per cent 
ammonium chloride solution should be used. 
If preferred use boric acid with alkalies and 
borax solution with acids. 

Protect your hands with a towel or gloves when 
fitting glass tubing into rubber stoppers. 

Always use a suction bulb or a safety pipette when 
pipetting a strong or poisonous substance. 

Point the mouths of bottles, flasks, cylinders or 
test tubes and other vessels away from yourself 
and others when shaking or heating substances 
which might splash, spill, or explode. 

All chemicals should be placed in clearly marked 
containers with the strength of solutions desig- 
nated. 

Practice good housekeeping. Clean all spills at 
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once but be careful when using inflammable 
solvents. 

Know the location and use of all emergency, pro- 
tective, and fire fighting equipment. 

Examine all glass apparatus for cracks before us- 
ing it. Do not use cracked or checked equip- 
ment. Fire-polish all chipped or newly cut 
glass tubing. 

Avoid direct blasts of air on the skin from com- 
pressed air lines. Never play with air hoses. 

Never use a beaker for a drinking glass and avoid 
eating in the laboratory. Eat at some desig- 
nated place away from the laboratory. 

When pouring hot liquids place the receiver on a 
firm base; do not hold it in your hand. 
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15. Avoid smelling deeply of any substances. Cup the 
hand and wave the gas or vapor toward the 
nose. 


It is hoped that the small fraction of the semester 
which is devoted to safety in our chemical engineering 
laboratories will continue to produce worthwhile re- 
sults in minimizing accidents, and in developing future 
engineers who will carry the thought of safe operation 
into industrial practice. 

In the construction of the new engineering building 
at the University of Oklahoma, the chemical engineer- 
ing staff has tried to incorporate as many features as 
possible for the promotion of safety-in the well-equipped 
laboratories. 


ALUMINUM FROM CLAY 


W<nrrme research at the National Bureau of Stand- 
ards has gone far in solving a problem that has been the 
object of numerous investigations by chemists over a 
period of many years—that of producing aluminum 
from clay. The development of two processes at the 
Bureau makes it possible that this abundant raw ma- 
terial may sometime replace bauxite as a source of the 
metal. 

Actually, the manufacture of aluminum from clay 
will in the near future be imperative for the protection 
of the United States from dependence upon foreign 
sources of aluminum ore. According to Interior De- 
partment estimates, 70 per cent of the supply of domes- 
tic bauxite has already been consumed. Under normal 
consumption, it is calculated, there is sufficient bauxite 
in this country to last only nine years. Because of the 
limited domestic supplies of low-silica bauxite, about 
70 per cent of the needs of the United States aluminum 
industry was being imported long before our entry into 
World War IT. 

Shortly after the United States deleared war in 1941, 
submarine warfare in the Caribbean seriously inter- 
fered with bauxite shipments, and it became important 
to utilize domestic sources of aluminum, of which clay 
is the most abundant. Bauxite (impure hydrated 
alumina) and clay (mainly hydrated aluminum silicate) 
both may serve as sources of purified alumina (A1,Os), 
from which the aluminum metal is obtained by electro- 
lytic reduction. Accordingly, in 1941 investigations 
were begun at the National Bureau of Standards seeking, 
Zcconomically feasible methods for the production of 
alumina from clays and low-grade bauxites. This work 


Two Processes Developed by the 
Bureau of Standards 


resulted in the development of two processes for the 
recovery of alumina from clay—one a hydrochloric acid 
extraction process, the other an alkaline extraction with 
a solution consisting of a mixture of sodium hydroxide 
and sodium chloride. 

In the last three-quarters of a century, at least sixty 
processes had been proposed for deriving alumina from 
common clays and other aluminous materials besides 
bauxite. Most of these processes were found imprac- 
tical, however, because of the high cost and low purity 
of the product. When alumina is reduced electrolyti- 
cally to metallic aluminum, the impurities, largely silica 
and ferric oxide, also are reduced and pass into the 
metal. It is the requirement that the iron and silicon 
in the aluminum be kept low that demands the use of 
highly purified alumina. 

The various methods proposed for the fecovery of 
alumina from clays and high silica bauxites can be 
divided into two groups—alkaline processes and those 
requiring the use of acids. In both groups the prob- 
lems of obtaining a high recovery of alumina and of 
effectively separating silica and ferric oxide from the 
alumina must be solved. In acid processes there has 
been the additional problem of corrosion of equipment. 


ACID EXTRACTION 


The acid extraction developed at the National Bureau 
of Standards is the only successful hydrochloric acid 
process that has been carried to completion. The 
basic reactions involved had been used and studied in 
the laboratories of the Bureau in the analysis of bauxite, 
high-alumina refractories, aluminum metal, and mis- 
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cellaneous ceramics, and in the redetermination of the 
atomic weight of aluminum. The problem was to 
adapt the laboratory methods to a commercial process. 
Previous attempts at development of a hydrochloric 
acid process had failed because of the corrosion of 
metallic equipment by acid fumes. This problem, as 
well as the abrasive effect of precipitated aluminum 
chloride crystals, was overcome in the pilot plant 
through the use of modern plastics, glass, and refractory 
materials in place of metals. Glass piping had the addi- 
tional advantage of making certain stages of the process 
visible to the observer. 

Preliminary experimental work had centered around 
two major problems—the decomposition of clay with 
hydrochloric acid and the efficient separation of alumi- 
num from iron and other soluble constituents of the 
clay. Alumina can be dissolved out of all clays by 
treatment with hydrochloric acid in closed containers 
at 300°C., but the high pressures developed rendered 
this method of decomposition unsuitable for plant 
installations with the equipment available. However, 
it was found that roasting the clay at the relatively 
moderate temperature of 700°C. furnished enough 
energy to break the chemical union between aluminum 
and silicon in the aluminum silicate molecule. It was 
then possible to dissolve out the alumina with dilute 
hydrochloric acid at about 100°C. under atmospheric 
pressure, leaving the silicon in the form of silica, insolu- 
ble in the acid. 

The problem of the separation of aluminum from 
iron and other acid-soluble constituents of clay re- 
mained. Removal of the aluminum by precipitation 
with hydrochloric acid gas as the hydrated chloride was 
found most practical, since almost all of the impurities 
are left in solution. 

The hydrochloric acid process consists in (1) roasting 
the clay; (2) digesting the roasted product in dilute 
hydrochloric acid; (3) filtering to separate the insoluble 
siliceous matter from the solution containing the 
aluminum and soluble impurities such as iron and alkali 
salts; (4) concentrating the solution; (5) precipitating 
the aluminum as the hydrated chloride from the con- 
centrated solution by adding hydrochloric acid gas; 
(6) removing the crystals of hydrated aluminum chlo- 
ride; (7) washing the crystals to remove adhering im- 
purities; (8) calcining the hydrated chloride to obtain 
alumina; and (9) recovering hydrochloric acid from 
the waste products at the end of the process. 

While the process is applicable to nearly all clays, 
kaolin was used in the pilot plant because of its abun- 
dance and accessibility. The raw material first enters a 
triple-hearth Wedge furnace, where it is roasted at 
about 700° C. to increase the solubility of its alumina 
content in acid. It then passes into a digester, in which 
it is stirred to mix with hot dilute hydrochloric acid 
until soluble material is dissolved. For commercial 
operation, digestion for one hour at about 100°C. is 
sufficient. The slurry in the digester is then cooled to 
about 60°C. by turning off the steam and circulating 
cooling water through the heaters. 
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From the digester the cooled slurry is pumped into a 
filter press where the insoluble matter, consisting 
largely of silica sludge, is removed. After all of the 
slurry is pumped into the press, the filter cake is blown 
dry with compressed air and then washed with water, 
The acid filtrate and washings pass into a still, in which 
the solution is evaporated to a relatively small volume 
to minimize the quantity of hydrochloric acid gas re- 
quired in the next step to precipitate the aluminum as 
the hydrated chloride (AlCl;-6H,O). The water dis- 
tillate is discarded, while the acid distillate is retained 
for future decomposition of clay in the digester. 

The concentrated solution is then cooled and enters 
a precipitator, where intimate contact with hydrochloric 
acid gas results in the precipitation of the hydrated 
aluminum chloride. This is accomplished by pumping 
the solution to the top of an unpacked tower, where it 
is allowed to fall against a stream of hydrochloric acid 
gas entering below. Because of the heat envolved in 
the absorption of the hydrochloric acid gas, the solution 
is circulated through a cooler during the process to in- 
crease the absorption rate. From the precipitator, 
the aluminum chloride, suspended in a solution satu- 
rated with hydrochloric acid, goes to a rubber-coated 
centrifuge with perforated basket, where the chloride 
crystals are removed from the solution by filtration 
through an asbestos cloth. Impurities adhering to the 
aluminum chloride are removed by washing with a 
hydrochloric acid spray. 2 

Conversion of the hydrated aluminum chloride to the 
oxide is accomplished by calcination in a muffle-fired 
furnace with constant agitation of the aluminum chlo- 
ride by the rabble arms as it passes downward over the 
heated hearths. This agitation makes the conversion 
of chloride to oxide a continuous process and effects the 
conversion at a lower temperature than would otherwise 
be necessary. A rubber-coated exhaust fan pulls the 
hydrochloric acid gas and water vapor from the top of 
the furnace. The acid gas is drawn through a cooler, 
where a certain amount of the aqueous acid condenses 
and is drained into a still for later generation of hydro- 
chloric acid gas used in the process. The major portion 
of the acid gas, after passing through the cooler, is 
absorbed in cool hydrochloric acid of constant boiling 
strength in an absorption tower by’the same technique 
as that used in the precipitation of aluminum chloride. 
In this way the constant boiling acid is built up to acid 
of specific gravity 1.18 to 1.20, which is then pumped 
into a still and heated to produce hydrochloric acid gas 
for precipitation of aluminum chloride. The alumina 
emerging from the bottom of the furnace is removed by 
a vibrating conveyor so arranged and regulated that the 
lower end of a 6-inch glass outlet pipe is always filled 
with oxide. This prevents air from entering the fur- 
nace and diluting the hydrochloric acid gas issuing from 
the top. 

The alumina obtained by this method has an average 
purity of about 99.8 per cent. The only significant 
impurities are 0.1 per cent of chlorine, 0.04 per cent of 
iron oxide, and 0.06 per cent of silica. If a purer prod- 
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uct is desired, the chloride content can be further re- 
duced by longer heating at higher temperatures, and the 
content of iron oxide can readily be lowered by addi- 
tional washing of the chloride in the centrifuge basket. 

In addition to its use in production of aluminum 
metal, the alumina produced by this process is superior 
to any on the market for polishing metallographic 
specimens. Exceptionally good results have also been 
obtained with this alumina in the preparation of enam- 
els for use at high temperatures, probably due to the 
extreme fineness of the product. 

The price of producing aluminum by the hydro- 
chloric acid process is at present about twice that from 
imported bauxite. However, studies now in progress 
at the Bureau may result in the reduction of the origi- 
nal cost figures. The two major cost items are fuel for 
heating and the replacement of hydrochloric acid, of 
which the latter is the more important. Greater effi- 
ciency in the re-use of hydrochloric acid offers possibili- 
ties of further economy, as does the better use of power 
through more efficient heat exchangers and the utiliza- 
tion of waste heat from furnace gases. There are also 
possibilities in the recovery of usable by-products, such 
as iron, from waste solutions. 


ALKALINE EXTRACTION 


Because a fund of information concerning the be- 
havior of alumina in alkaline solutions had been built 
up as a result of studies not directly concerned with the 
recovery of alumina, an investigation of alkaline proc- 


esses was also undertaken at the National Bureau of 
Standards. The key results of this work, representing 
a suggested commercial process for the extraction of 
alumina from clay and high-silica bauxites, were avail- 
able by early 1943. However, before the process could 
be carried out on a larger scale, it appeared that the 
submarine menace in the Caribbean might be con- 
trolled, and in October, 1943, domestic production of 
bauxite was slashed nearly in half. Thereafter, during 
World War II dependence for the production of alumina 
was placed in bauxite convoyed from South America. 
As a result, the alkaline process was never taken to the 
pilot plant stage. 

One of the fundamental principles of many of the 
alkaline processes is the conversion of the alumina in 
the ore to sodium aluminate, which is readily soluble in 
water. The iron is easily removed, since it is very 
insoluble in alkali, but considerable silica remains in 
solution. The problem is to rid the solution of the 
bulk of the soluble silica, so that the silica content of 
the precipitated alumina may be below an acceptable 
limit. The gnvestigation, therefore, was first concen- 
trated on this problem. 

In the extraction of alumina from ore as sodium 
aluminate, there are three principal methods: (1) 
direct extraction of the untreated ore with sodium 
hydroxide solution as in the Bayer process; (2) treat- 
ment of the ore to give a product containing sglid 
sodium aluminate, which is extracted with water; and 
(3) treatment of the ore to give a product containing 
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calcium aluminate, which can be decomposed with 
sodium carbonate solution. Each of these methods re- 
sults in a sodium aluminate solution containing soluble 
silica to the extent of one or tivo per cent of the alumina 
present. It is necessary, however, to reduce the per- 
centage of silica below these values. 

As a point of départure in the study of these alkaline 
methods, numerous extractions were made with samples 
of domestic high-silica bauxite, using sodium hydroxide 
solution at boiling temperature. As expected, solu- 
tions of sodium aluminate containing moderate amounts 
of silica were obtained. Analyses of the insoluble ex- 
traction residues showed that soda, alumina, and silica 
were present in simple, constant molar proportions, 
indicating that the residues might consist principally 
of a single compound. Accordingly, attempts were 
made to synthesize from pure starting materials a 
sodium aluminum silicate compound similar in compo- 
sition to the extraction residues. X-ray diffraction 
patterns of the resulting products strongly resembled 
those of the naturally occurring mineral sodalite, 

As a result of these observations, further extractions 
of the bauxites were made using sodium chloride in 
addition to the sodium hydroxide, and the silica content 


- of the extracted solutions was immediately reduced to 


one-tenth or less of the former value. The reduction 
in residual silica was caused by the formation during the 
extraction of a compound of the sodalite type having a 
significantly lower solubility than the sodium aluminum 
silicate formed in the absence of sodium chloride. This 
was an important discovery, for at once it presented a 
method of reducing the silica in alkaline extraction 
solutions to a point at which alumina suitable for elec- 
trolytic reduction could be precipitated with carbon 
dioxide. 

Numerous extractions were performed to determine 
optimum conditions, and it was found that only about 
75 per cent of the alumina in the impure domestic 
bauxite could be dissolved out with sodium hydroxide- 
sodium chloride solutions, because the remainder of the 
alumina formed an insoluble hydrated sodium alu- 
minum silicate. At the same time, ¢oda was lost in the 
formation of this complex. Attention was therefore 
directed to recovering the precipitated’ alumina and 
soda. 

The extraction residues were sintered with lime, and 
the resulting solid sodium aluminate was extracted with 
water. Sodium aluminate solutions were thus ob- 
tained containing most of the soda lost in the first extrac- 
tion and sufficient alumina to make the over-all extrac- 
tion 90 per cent or better. Silica was present only to 
the extent of one or two per cent of the alumina and 
could be further reduced to a very low value by boiling 
the solution in contact with a seed charge of sodalite in 
the presence of sodium chloride. Most important, it 
was discovered that the presence of sodium chloride had 
no adverse effect on the extraction of the alumina and 
soda from the residues. This meant that the spent 
solution from the precipitation of alumina with carbon 
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dioxide could be recirculated and used for extracting the 
sintered residue. 

The results of these investigations on high-silica 
bauxites, in which the silica was reduced to a low value 
by the application of the sodalite principle, led to ex- 
periments seeking a method for the more complete 
separation of silica from alumina in solutions obtained 
in the lime-sinter process. Ground siliceous aluminum 
ore was mixed with finely divided calcium carbonate in 
the proper proportions to give a material equivalent to 
a mixture of dicalcium silicate with pentacalcium tri- 
aluminate and mono- or tricalcium aluminate. This 
mixture was then heated at temperatures approaching 
1400°C. for the time necessary for formation of these 
compounds. The resulting sinter was cooled slowly to 
about 1200°C. to permit crystallization of any liquid 
present at the higher temperature. Thereafter the 
material was cooled to room temperature without par- 
ticular attention to cooling rates. 

The dicalcium silicate played an important dual role 
in this procedure. First, it held the silica in an unreac- 
tive form insoluble in the alkaline extracting solution. 
Second, it expanded on cooling with consequent reduc- 
tion of the sintered mass to a powder—a process known 
as “dusting,” which rendered the aluminous materials 
accessible to the action of an alkaline solution without 
grinding. It was found that sodium chloride in the 
extracting solution did not seriously interfere with the 
extraction of the alumina with sodium carbonate solu- 
tion. This detail permitted the further use, as in the 
treatment of lime-soda sinters from bauxite extraction 
residues, of the spent solutions from which the silica 
and alumina had been removed by precipitation with 
sodalite and carbon dioxide, respectively. 

These experiments were the basis for the establish- 
ment of a method of recovering alumina from clay by a 
lime-sinter process involving extraction with a sodium 
carbonate-sodium chloride solution. The lime-sinter 
process, by no means new in general outline, was im- 
proved by utilization of the sodalite method of desilicat- 
ing alumina solutions containing silica. A means was 
thus afforded for the production from clay of hydrated 
alumina, which after calcining was entirely suitable for 

electrolytic reduction to the metal. 

From the available information, flow sheets for sug- 
gested commercial processes were prepared. In the 
outlined process for the alkaline extraction of alumina 
from clay, a mixture of clay and limestone is prepared 
by either wet or dry process grinding and mixing. 
Commercial equipment is available that appears to be 
particularly well adapted for burning the raw mix and 
annealing the resulting clinker. This apparatus con- 
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sists of an ordinary rotary kiln in series with a rotary 
cooler, the latter carrying a burner installed at its feed 
end. Thus the clinker discharged from the primary 
kiln can be annealed in the cooler at a rate determined 
by its speed of rotation and by adjustment of. the 
burner. Complete dusting of the annealed ‘clinker 
reduces the need of further grinding. 

A solution of sodium carbonate and sodium chloride 
is added to the powdered mixture, and the resultant 
slurry is stirred at high speed for about one-half hour at 
60 to 80°C. On completion of the extraction period, 
the mixture is filtered and an extract containing 70 to 
80 grams of alumina and 1 to 2 grams of silica per liter 
is obtained. By subjecting the residue to countercur- 
rent washing with salt solution, it is expected that the 
concentration of alumina in the wash water can be 
built up to approach that in the extract. The residue, 
consisting principally of lime and silica, may then be 
washed with water and stock-piled as a raw material for 
the production of portland cement. 

The filtered alumina solution plus concentrated wash- 
ings is next desilicated by boiling for one hour with a 
seed charge of synthetic sodalite, which induces the 
precipitation of crystalline sodalite. After filtration, 


the sodalite in excess of that required for seed for the 
next batch is returned to the first stage of the process. 
In this way the alumina and soda in the excess sodalite 
are recovered. 

Hydrated alumina is precipitated by passing carbon 
dioxide, obtained from scrubbed kiln gases, into the 


desilicated solution. In order to avoid contamination 
by silica, the precipitation of alumina is not carried to 
completion. However, in cyclical operation of the proc- 
ess complete recovery of the alumina from solution 
would be obtained. The alumina is filtered and washed 
with water low in silica to avoid contamination, and the 
residual solution and washings are used to scrub the 
kiln-flue gases. This procedure causes not only re- 
moval of dust from the gases but also evaporation of 
water from the combined solution and washings. Suff- 
cient make-up quantities of sodium carbonate and so- 
dium chloride are added to the evaporated and carbon- 
ated solution, so that it may be used for the extraction 
of a fresh batch of sinter. The hydrated alumina is 
dried and calcined for electrolytic reduction to alumi- 
num. 

About 95 per cent of the alumina in the clay is re- 
covered by this method, while losses of soda are small. 
An advantage of the process is that all steps can be con- 
ducted at atmospheric pressure, whereas many other 
alkaline methods for the extraction of alumina require 
autoclave desilication. . 


BETTER TEACHING 


TEACHERS will be interested in a report on ‘‘Better’Teaching through the Use of Current Ma- 
terials,’ prepared by and obtainable from the Stanford University School of Education, Stan- 
ford University, California. It covers an eighteen-month study in English, science, and social 
- studies classes of efforts to make effective use of such current materials as magazines, newspapers, 


films, radio, etc. 
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OBJECTIVE DETERMINATIONS OF 
FREEZING POINTS 


CareruL DETERMINATION of the physical properties 
of some compound available commercially is frequently 
used as a problem by beginning students in research. 
Ordinarily, progress in purification of the compound is 
checked by comparing values of some of the physical 
constants with those published in the literature. This 
method, while adequate for purposes of identification, 
is open to the criticism that the reported values may 
themselves be in error. 

In 1920 White! suggested that purity could be esti- 
mated objectively by study of the time-temperature 
curves obtained when a sample of the material being 
studied is subjected to cooling under a large thermal 
head. His suggestions. have been developed and ex- 
tended by Rossini and his collaborators”: * at the Na- 
tional Bureau of Standards. This article describes an ad- 
aptation of Rossini’s method to use in an apparatus con- 
structed from materials available in an ordinary chemi- 
cal stockroom; no high degree of mechanical skill or 
technique in glass manipulation was required. The 
apparatus was used to follow the progress of purification 
of organic solvents with satisfactory results. The 
author believes that such an apparatus might be used 
to advantage in the careful determination of freezing 
points and routine checks of purity in connection with 
beginning research on physical constants. 


THE APPARATUS 


The apparatus consists of a ten-junction copper-con- 
stantan thermopile (substituted for the expensive plati- 
num-resistance thermometer used by Rossini), a Type 
K-1 Leeds and Northrup potentiometer,a Weston stand- 
ard cell, a sample tube, and a stirring mechanism as- 
sembled from standard stockroom equipment. The 
thermopile was built by the author, and calibrated at 
the sublimation temperature of solid carbon dioxide by 
the method of Scott;* thus no previously calibrated 
thermometric apparatus was required. 

The Thermopile. The thermopile was constructed 
according to the directions of White.’ Ten copper- 
constantan junctions were formed at each end of the 
thermopile, giving approximately ten times the e. m. f. 
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(1940). 
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developed by a single copper-constantan thermocouple 
for the same temperature differential. 

Since B. & S. 30-gage copper and constantan wire 
especially selected for thermopile construction was Avail- 
able from the Leeds and Northrup Company, it was not 
considered necessary to apply White’s tests for homo- 
geneity. Pieces of wire 1 mm. in length were cut off, 
the ends scraped bare of insulation for about 1 cm. at 
each end, and the thermopile assembled according to the 
general plan shown in Figure 1. Long lead wires of 
copper were incorporated at either end. The junctions 
were twisted together with tweezers to avoid getting 
grease from the fingers on the joints, which might have 
interfered with soldering. In twisting the junctions to- 
gether, care was taken to see that the copper and con- 
stantan wires were twisted around each other, rather 
than twisting the weaker copper wire around the con- 









































Layout of Wiring for Ten-dunction 
Thermopile. 


Figure 1. 


Solid lines represent B. & S. 30-gage copper wire, 
dotted lines represent B. & S. 30-gage constantan 
wire. 
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stantan. In order to avoid kinking the wire, which 
might have introduced nonhomogeneities, the thermo- 
pile was assembled on a board, the junctions being 
looped over small nails. The nails corresponding to the 
various junctions were numbered, and a work sheet 
maintained showing which of the operations of applica- 
tion of flux, soldering, clipping, and coating had been 
applied to each junction. 

The junctions were dipped into molten rosin heated 
to about 200° C. At this temperature it was found that 
only a thin film of rosin adhered to the junctions, elimi- 
nating the necessity of wiping as suggested by White.® 
After being treated with rosin, the junctions were 
dipped into molten solder and allowed to cool. The end 
of each junction was clipped with scissors to avoid tails 
of solder. After soldering, the junctions were loosely 
bunched into 8-inch test tubes, one test tube containing 
ten junctions being put, into ice water, the other into a 
dry-ice acetone mixture. The leads were connected to 
the potentiometer, and the thermoelectric power tested. 
In this manner, any imperfect connections could be 
detected at a time when they could easily be repaired. 

After this, the junctions were coated with a 1 : 3 so- 
lution of du Pont Rubber Cement in benzene, allowed 
to dry, recoated, and vulcanized with a 1 : 40 solution of 
sulfur monochloride in carbon disulfide. White® states 
that this vulcanizer will not cause any bothersome for- 
mation of cupric chloride, even years after the thermo- 
pile has been made. The entire thermopile was placed 
in a constant temperature oven, and baked at 50° C. for 
two hours. 

The junctions were embedded in naphthalene—ten at 








Apparatus for Embedding Thermopile 


Figure 2. in Napthalene. 


Steam is introduced at A, condensate escapes at bottom. 
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at one end were enclosed in a 6-mm. pyrex tube to form 
the working junction, the other ten in a 10-mm. pyrex 
tube to form the reference junction. The actual opera- 











Figure 3. Shows 
Sample Tube With 
Side Arm for Evacua- 
tion, Stirrer, and 
Thermopile Working 
Junction. 


tion of embedding was carried out in the apparatus 
shown in Figure 2. Steam was introduced through the 
side arm at A to melt the naphthalene; if the naphtha- 
lene is melted over the open flame, it is likely to become 
hot enough to damage the insulation of the junctions. 
A piece of rubber tubing was carefully pulled over the 
entire thermopile; this served to prevent kinking, at the 
same time allowing considerable flexibility. 

The Potentiometer. The 0.1 multiplier scale of a stock 
Leeds and Northrup Type K-1 potentiometer was 
used to measure the e. m. f. developed. It pos- 
sessed advantage that frequent checks of the standardi- 
zation, necessary in more accurate determinations, could 
be made without shifting wires. At times when best 
values of e. m. f. were desired, the e. m. f. was read at 
every even minute, and the standardization rechecked 
at every half minute. A Weston cell was used to pro- 
vide the standard voltage. 

The Sample Tube. An 8-inch pyrex test tube was 
flattened by being repeatedly blown in and out in the 
oxymethane flame. This test tube was then ring-sealed 
into a 30-mm. pyrex tube which was to serve as a jacket, 
a side arm added for the purpose of evacuating when 
necessary to cut down the rate of heat loss from the 
sample, and the larger tube sealed off at the bottom 


(Figure 3). 
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The Stirring Apparatus. The stirrer was made from 
the copper handle of a deflagrating spoon heated red-hot 
to soften the copper, and bent into a spiral fitting loosely 
into the inner chamber of the sample tube. The top of 
the rod was bent into a loop and the entire portion of the 
rod likely to come into contact with the sample heavily 
gold-plated, following the directions of Bedell,® using 
his 24K” solution under a potential difference of four 
volts for three hours. The plating solution was main- 
tained at 70° C. 

Reciprocating action was imparted to the stirrer by 
connecting the loop at the top to a bent shaft. Since 
the small motor in whose chuck the rod was clamped 
was incapable of actuating the stirrer at the rate of 
speed required (about 125 strokes per minute), the small 
motor was used only as a.gear box, power being provided 
by a belt from a !/,-horsepower motor. The speed was 
regulated by supplying the motor with varying voltages 
from a “Variatrans’’ variable a.-c. transformer. 


CALIBRATION OF THERMOPILE 


Since the e. m. f. produced by a thermopile is not a 
linear function of the temperature differential between 
the reference and working junctions, calibration at a 
great many points would be necessary in order to estab- 
lish accurate values of the temperature-e. m. f. relation- 
ship were it not for the work of Scott. He found that 
it was possible to establish a standard reference table 
for the temperature-e. m. f. function of a copper-con- 
stantan thermocouple, and although individual thermo- 
couples deviated rather widely from this stamdard table, 
their deviation in the range —90°C. to 0°C. was almost 
linear (see table, p. 467 of reference 4). Thus asingle 
accurate calibration in the range —90°C. to 0°C. 
sufficed to establish a table of differences between the 
standard table and the thermopile being used. Scott4 
stated that for a single junction, the error resulting from 
a calibration of this type should not be greater than plus 
or minus two microvolts. Assuming that the error is 
completely additive for ten junctions (which is entirely 
on the safe side) a maximum error of 20 microvolts 
(amounting to about +0.06°C.) might result. This 
error would apply in any determination of absolute tem- 
perature values (as in freezing-point determination); a 
higher accuracy would obtain in differential measure- 
ments, such as are involved in purity or molecular- 
weight determinations. 

Calibration. The thermopile was calibrated at the 
temperature of subliming solid carbon dioxide. The 
working junction was placed in a tall Dewar flask: com- 
pletely filled with solid carbon dioxide. A heating coil 
15 cm. of B. & 8. 30 gage constantan wire was imbedded 
at the bottom of the flask. Applying sufficient voltage 
to the heating coil to heat it to a faint red color caused a 
steady stream of carbon dioxide to flow from the flask, 
insuring equilibrium conditions. 

The reference junction was placed in finely chopped 
water-ice covered with distilled water, and stirred for 





° BepE.L, W. L. D., ‘Practical Electroplating,” privately pub- 
lished, city unstated, 1912, pp. 137-139. 
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15 seconds immediately preceding taking each reading 
(the reference junction was thus provided for in all 
work). With the heating coil in operation, readings of 


the e.m.f. developed at various times were noted. 
Table 1 gives the results of the calibration. Substitu- 





TABLE 1 


Calibration of Thermopile at Sublimation Temperature of 
Solid Carbon Dioxide 


Elapsed time after 
connecting heating 
cotl, minutes 





E. m. f., millivolts* 


27.550 
27.559 


420 


Barometer reading, corrected = 741.6 mm. Hg. 

Average, last seven readings = 27.497 millivolts. 

* It had previously been determined that when both junctions 
were placed in ice water, an ‘‘extraneous’’ e. m. f. of 0.085 millivolt 
(constant over a period of months) developed. This value, 0.085 
millivolt, was subtracted from all calibration and ‘‘working” 
readings. 





tion of the corrected barometric pressure into a stand- 
ard equation‘ connecting applied pressure and subli- 
mation temperature for solid carbon dioxide gave 
—78.71°C. as the actual temperature of calibration. 
Scott’s* standard table indicated an e. m. f. (for ten 
junctions) of 27.238 millivolts for this temperature. 
The thermopile being calibrated produced 27.412 
(corrected) millivolts, a difference of 0.174 millivolt 
(this difference was well within the range of differences 
observed by the Bureau of Standards in their work). 
The difference observed was interpolated, assuming 
linear variation of the differential, for each two degrees 
from 0°C. to —90°C., and applied to the Bureau’s stand- 
ard table. The resulting table was used in calculating 
all value’s of temperature determined. 


DETERMINATION OF FREEZING POINTS 


In order to determine the freezing point pf a material, 
about 25 ml. of it was placed in the inner chamber of the 
sample tube, the sample tube lowered into a Dewar 
flask filled with a slurry of powdered carbon dioxide and 
acetone, the stirrer inserted, the thermopile (passed 
through a one-hole stopper provided with a slit at the 
side for the stirrer) put into place, and the stirrer set in 
motion at the rate of about 125strokesa minute. E.m.f. 
readings were taken at intervals of one minute, beginning 
about three degrees above the freezing point (an ap- 
proximate freezing point was always determined first by 
inserting the thermopile into a partly frozen sample). 
The readings increased rapidly while the material was 
in a liquid state; when the material began to freeze 
(sometimes seeding was necessary) the heat extracted 
by the bath served to form solid rather than to lower the 
temperature, and the readings increased very slowly 
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(had the material been absolutely pure, no fall in tem- 
perature would have been observed while solid was 
separating; in the case of an impure solvent, pure sol- 
vent’ separates out leaving the remaining solution richer 
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Figure 4. Typical Time-E. M. F. Cooling Curves. 


Curve A was obtained when a sample of n-hexyl ether distilled once was 
subjected to cooling in a bath of solid carbon dioxide and acetone. Curve 
B was obtained similarly from a sample which had been subjected to one more 
distillation. 


in impurity, and hence lower in freezing point). When 
solidification was well advanced, the stirrer usually be- 
gan to work erratically, and the motor was stopped. 
Readings were continued about thirty minutes after the 
stirrer had been stopped. 

Rossini’s * * articles give the background theory of 
the method of interpreting the cooling curves. Under 
the assumptions that the impurity is nonvolatile, does 
not form a solid solution, and that the concentration is 
sufficiently low that Raoult’s law is obeyed, analytical 
and graphical methods for finding the true freezing point 
and the mole per cent of impurity aregiven. Rossiniand 
Taylor’s® graphical method for finding the true freezing 
point, based on the construction of lines through three 
points on the equilibrium portion of the cooling curve, 
is easily applicable to the data obtained by the appa- 
ratus described above. Purity of the sample under in- 





7 If the solute forms a solid solution with the solvent, this sim- 
ple method is vitiated. 
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vestigation is found by noting how much temperature 
drop has occurred between the time of inception of 
freezing (found graphically) and the time when some 
definite fraction, usually one-third, is frozen (Rossini? 
gives graphical methods for estimating the required 
values). Rossini’s? formula for the purity value requires 


‘use of the numerical value of the formular latent heat of 


fusion of the material being investigated. This can be 
estimated by Walden’s* rule, or, more accurately by 
using the method outlined in this article to determine 
the freezing points of a number of solutions containing 
a known amount of solute dissolved in weighed 
amounts of the solvent under investigation. From 
these determinations, a value of the molecular freezing 
point depression constant; K,,b can be found. Once 
this has been determined, the latent heat of fusion per 
gram, l,, is given by the formula: 
i RT? 
1000K; 


where 7° is the true freezing point of the solvent in de- 
grees absolute. 

Multiplication of J, by the formula weight of the sol- 
vent gives the value of L, for insertion in Rossini’s for- 
mula. 

Examples of Use. The two curves given in Figure 4 
are typical of time-e. m. f. curves obtained by the 
method. Curve A was obtained on a sample of com- 
mercial n-hexyl ether made by the Carbide and Carbon 
Chemicals Corporation. It had been distilled once under 
vacuum through a column rated at nine theoretical 
plates. Another distillation through the same column 
gave the material whose cooling curve is labeled B in 
Figure 4. Analysis of the curves using Rossini’s meth- 
ods gave a value of about 0.7 mole per cent impurity for 
the A material, and about 0.3 mole per cent for the B. 
Qualitatively, the increase in purity can be detected by 
the higher melting point and the flatter curve in the case 
of the redistilled substance. Analysis of the B curve by 
the graphical method suggested by Rossini and Taylor’ 
gave a freezing point of —42.78°C. (+0.06°C)! 





TABLE 2 


Determination of Molecular Freezing Point Depression 
Constant (K;) of Commercial 2(2-ethoxyethoxy)ethyl 
Ethanoate 








Nase 
°€. 
0.276 
0.587 
0.859 
0.494 
1.013 
0.590 
0.590 


Moles solute per 
1000 g. solvent 


0.0507 
0.1070 
0.1483 
0.0425 
0.1895 
0.1125 
0.1125 


Ky; 
5.43 
5.49 
5.78 
5.10 
5.35 
§.25 
5.25 


Solute 
Methyl benzoate 
Methyl benzoate 
Methyl benzoate 
Methyl benzoate 
Methyl benzoate 
Benzene 
Benzene 








8 GLASSTONE, SAMUEL, “Text-Book of Physical Chemistry,” 
1st ed., D. Van Nostrand Co., Inc., New York, 1940, p. 454. 

® The values plotted in Figure 4 are the observed e. m. f. read- 
ings. The zero correction of 0.085 millivolt was subtracted from 
the graphically determined e. m. f. at the freezing point before 
converting it to temperature by means of the calibration table. 
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Table 2 gives some results obtained in a determina- 
tion of Ky on commercial ‘“‘Carbitol’’ acetate (2(2- 
ethoxyethoxy) ethyl ethanoate). 

In addition to use as a means of checking freezing 
points and purities, the method described is applicable 
to the determination of molecular weights of materials 
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dissolved in solvents of low freezing point; this should 
prove useful in the case of solutes which decompose at 
higher temperatures. The values of latent heat of 
fusion derived from Ky, while inferior in theoretical im- 
portance to calorimetrically determined values, are of 
value in elucidating the structure of the solvent. 


EXPERIMENTS SIMULATING FIRST AND 


SECOND ORDER GAS REACTIONS 


Ir is pirricutr to find examples of homogeneous gas 
reactions suitable for experimental study in under- 
graduate physical chemistry. The necessary apparatus 
is in general complex and fragile and requires continual 
attention.. The experiments demand close supervision 
and are apt to be so time-consuming as to make it im- 
possible for a student to accumulate enough data to 
illustrate fully the relationships involved. Reactions 
in solution, also, are likely to require so much analytical 
work that the kinetic picture remains obscure and in- 
complete. This paper describes a simple apparatus 
with which a student can rapidly obtain pressure-time 
data exactly similar to those afforded by clean-cut and 
reproducible first and second order association reac- 
tions in the gaseous state, and which are worked up in 
exactly the same way. 


FIRST ORDER REACTIONS—FLOW THROUGH AN 
ORIFICE 


In this apparatus a first order reaction is simulated 
by the flow of gas (air, COs, etc.) through a small hole 
from an otherwise closed volume into a continuously 


evacuated space. Rate of pressure change at the hole 
simulates reaction velocity. If P represents the pres- 
sure, ¢ the time, and @ the root mean square velocity of 
the molecules, then: 


ef ae 
= a aPia— i, i Vit 
where k; and k’ are proportionality constants, the 
values of which are determined by the dimensions of 
the apparatus and the molecular weight of on gas, M. 
Collecting variables and integrating, 
-nP=kt+TI 
where J is the constant of integration. 
P = Po, andI = —In P,, so that: 
In Po — InP = kit, 
nt? = kt, (or P = Poe-hit) 


5 Po_ kat 
and log 5 = 3-393 


= k,P 


When ¢ = 0, 


Cc. C. COFFIN 
Dalhousie University, Halifax, Nova Scotia 


If t:/, be the time required for the pressure to fall to 
one-half its original value (7. e., the half-life of the 
process), then: 


2-3 log2 = kit1/, 
and 
t1/, = 0.693/k, 


These equations are characteristic of a reaction in 
which a gas at partial pressure P is disappearing ac- 
cording to a first order process. The graph of log 
P,/P vs. ¢ is a straight line, the slope of which, multi- 
plied by 2.303, is equal to k, a velocity constant (fre- 
quency) analogous to the specific rate of a first order 
chemical reaction. The numerical value of k, is deter- 
mined by the dimensions of the apparatus and the 
molecular weight of the ‘gas, so that the molecular 
weights of different gases may be compared directly 
through their rate constants measured in the same 
apparatus, 2. ¢., 

M, _ ku? 
Mn kit? 


SECOND ORDER REACTIONS FLOW THROUGH A 
CAPILLARY 


The fundamental equation relating to the viscous 
flow of gases through capillary tubes is that of Poise- 
uille, 

aPrit 
~ 8Ln 
where V is the volume passing through in ¢ seconds, P 
is the effective driving pressure, r is the radius, and L 
the length of the capillary, and 7 is the viscosity co- 
efficient of the gas. Since V = nRT'/P, where n is the 
number of moles, the above equation may be written: 
3 artPt 
"  8LRTn 


Maxwell’s equation for the viscosity of an ideal gas is: 
n = /spil 


where p is the density, 1 the mean free path, and %@ 
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the velocity of the molecules. Since p varies directly 
and I varies inversely as the pressure, it is evident from 
this equation that.» is independent of the pressure. 
The differential equation that should hold for the flow 
of gas through a capillary tube to a continuously evacu- 
ated volume is therefore: © 

dP ar4P? 
dt 8LRTn 


dn 


dt 
where the constant k, has the value (mr*)/(8LRTn), 
and P is the pressure of the gas, 7. e., the pressure dif- 
ference between the two ends of the capillary. Inte- 
grating this equation, and evaluating the integration 


= k,P? 





constant by putting P = Py when ¢ = 0 gives: 
pe & be Po —P 
aaa es aes 
and 
1 
Oh EPs 


These are the equations characteristic of a second order 
gas reaction of the type 2A — C (or A + B—C where 
A and B have the same initial pressure) in which C is a 
nonvolatile product. If (Po — P)/PoP is plotted 
against time, the result is a straight line, the slope of 
which is the “velocity constant,” or “specific reaction 
rate,’ with the dimensions pressure~! seconds. 
With the same capillary at the same temperature, the 
values of ke for different gases are inversely proportional 
to their viscosities which may thus be compared in this 
apparatus. 


EXPERIMENTAL 


A diagram of the apparatus is given in Figure 1. 
The volume V, is a 250 cc. conical flask which contains 


To Pump 
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Figure 1. Diagram of Apparatus. 
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the effusion orifice A and the capillary tube B, and wl 
which serves as the short arm of the one-way manometer thi 
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Figure 2. Effusion of Air and Carbon Dioxide. ©, Higher Po;O, LowerPy, == 
Ir 
M,. The orifice is a small hole punched with a needle § @" < 
in a piece of thin platinum foil cemented over the end @r 
of aglasst ube; the capillary is 6 cm. of brokenthermom- § 1% 
eter tubing cemented -into the pyrex apparatus as § ‘tc 
shown. For convenience in assembling, the flask is § the 
connected with the rest of the system by a ground glass Se 
joint at the level AB. In carrying out an experiment § "su! 
the whole apparatus as far as the tap C is evacuated, § &°5¢ 
and the tap H is closed with the mechanical oil pump ff {°X"; 
left running. The gas or vapor is now admitted through order 
C from storage D, or from the volatile liquid in the Colu: 
bulb EZ, to the desired pressure, which is indicated by half- 
inver 


the manometer M2. After closing C, the tap F is turned 
so that all its three tubes are closed, the tap G is turned 
to close its “east”? and connect its “north” and “‘west” 
tubes and H is opened to the pump. As soon as the 
connecting tubing is evacuated (about 1 mm.), and 
the mercury ceases to rise in M, (which now indicates 
the pressure in V;), F is turned to connect Vi with the 
running pump through either the orifice A or the capil- 
lary B as desired. The mercury in M; now starts to 
fall, and, after a few seconds to allow the manometer 
oscillations to die out, the stop watch is started as the 
mercury passes the reading chosen as Py. Further 
manometer readings are made at convenient time 
intervals throughout the run, which is usually followed 
for several “half-lives.” Since only one side of manom- 
eter M, is read during the experiment, these readings 
must be converted into true pressures before any calcu- 
lations are made. A correction curve is readily ob- 
tained by plotting readings of M, against those of M; 
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when V; and V2 are connected through G and H and 
the left-hand side of M, is evacuated. V2 is a 2-liter 
volume added to increase the capacity of the low pres- 
sure side of the system. The zero of the scale of M; is 
adjusted to ccincide with the position of the mercury 
in the narrow arm when the pressure is the same on 
both sides. 


RESULTS 


First Order Reactions. Table 1 gives the results of 
two typical effusion runs at different initial pressures 
for each of the gases—air, oxygen, and carbon dioxide. 
The initial pressures, first order “rate constants” and 
“half-lives” are listed in columns two, three, and four, 
respectively. Column five gives the molecular weights 
relative to air, calculated from the rate constants (or 
half-lives). 











TABLE 1 

Typical Effusion Experiments 
Run Po (cm. Hg) ky (sec.-!) tg (see.) M 
Air 1 68.60 L. 16 X< 10-* 600 (28.95) 
Air 2 34.33 
0. 1 64.57) 1.10 x 10-3 632 32.1 
0, 2 38 .36/ 
CO, 1 66.59 0.95 x 107% 733 43.2 
CO, 2 34.33 





In Figure 2 log P,/P is plotted against time for the 
air and carbon dioxide runs. In each case the points 
@® represent the higher, and the points © the lower, 
initial pressure. It is evident that the process is 
strictly first order, and that the time to half (or any 
other) value is independent of the initial pressure. 

Second Order Reactions. In Table 2 are listed the 
results of five typical viscosity runs with each of the 
gases, air and carbon dioxide. Columns two, three, and 
four, give, respectively, the initial pressures, second 
order velocity constants, and times to half value. 
Column five gives the product of initial pressure and 
half-life and brings out clearly the fact that the two are 
inversely proportional to one another. 











TABLE 2 
Typical Viscosity Experiments 
Run Po (cm. Hq) ke ti/, (sec.) Pex tt/, 
Air 1 64.57 2.57 X 10-5 620 4.00 x 104 
2 66.59 3.68 585 * 3. 
3 64.57 2.55 607 3.92 
4 32.32 2.52 1234 3.99 
5 32.30 2.56 1210 3.91 
Mean Ses. 2.55 he 3.94 
CO, 1 66.59 3.22 466 3.10 
2 31.15 3.27 982 3.06 
3 64.57 3.32 467 3.02 
4 30.80 3.35 969 2.99 
32.31 3.20 967 3.13 
Mean ib 3.27 yy! 3.06 





Figure 3 shows the quantity (Py) — P)/PoP plotted 
against time for the viscosity runs, air 3 and 5 and car- 
bon dioxide 2 and 3. Again the points @ represent the 















































0.04 | ror 

0.03 —- a 
Ae CO. AIR 

| 
c & 0.02 oo 
\ 
0.01 m 
0 
400 800 1200 1600 
Seconds 

Figure 3. Viscous Flow of Air and Carbon Dioxide. ©, Higher Po; O, Lower Po. 


higher, and the points © the lower, initial pressure. 
The process is clearly second order. 

As already pointed out these second order rate con- 
stants for different gases should be inversely propor- 
tional to their viscosities. The ratio in Table 2 for the 
mean k, values of COs:air is 3.27:2.55, which is 1.28; 
the generally accepted viscosities at room temperature 
are in the inverse ratio 1.23. 

The form of effusion apparatus described above does 
not give good values for the molecular weights of sub- 
stances having vapor pressures at room temperature of 
less than about one-third of an atmosphere. This is 
probably because the pump does not keep a sufficiently 
low or steady pressure on its side of the orifice, and thus 
introduces an error that becomes larger as Py becomes 
smaller. In a modification that’is much more satisfac- 
tory for molecular weight determinations, the vapor ef- 
fuses from a constant pressure (vapor pressure of the 
liquid) into a volume where the rate of pressure rise is 
measured. This is essentially a method that has been 
described in detail by Eyring.! The usual types of re- 
action rate problems (e. g., calculation of the fraction 
disappearing in a specified time interval, prediction of 
the time required for a certain pressure change, etc.) 
may be easily built around these flow processes. The 
distinction between the order and the molecularity of 
reaction is also well illustrated. Thus viscous flow 
can in no sense be thought of as a bimolecular process, 
although it is clearly second order. Effusive flow, on 
the other hand, is not only a first order process, but may 
be regarded as unimolecular, in the sense that the mole- 
cules independently arrive at and pass through the 
hole without interference from their neighbors. 


1 Eyrine, H., J. Am. Chem. Soc., 50, 2398 (1928). 














& New Laboratory 


A new and unique laboratory for the teaching of 

catalytic and high-pressure processes in chemistry has 
’ been established at Northwestern University. 

Situated in the Technological Institute on the Evan- 
ston campus, the teaching laboratory, a unit of the 
Ipatieff catalytic and high-pressure laboratory for 
chemical research, is believed to be the only one of its 
special design and purpose in any university in the 
United States. 

Two major functions of the new laboratory, which 
will be available to both graduate and undergraduate 
students of chemistry and chemical engineering, will be 
to introduce those students to scientific research 
methods and to simulate for them the operations in 
catalysis which they will employ when they eventually 
accept positions in industry. 

Catalysis, the acceleration or retardation of a chemi- 
cal reaction by a substance which itself undergoes no 
permanent chemical change, plays a major role in 
industry, and has been a key factor in the production of 
modern aviation fuel, synthetic rubber, explosives, 
fertilizers, solvents, and plastics. 

Instruction.in the laboratory will be given by both 
the lecture and experimental methods. Demonstra- 
tions will be an important part of the teaching program 
of the new unit, into which improvements in techniques 
and equipment will be introduced progressively as they 
are developed. Much of the present equipment, in- 
cluding high-pressure reaction autoclaves, furnaces, 
pressure regulators and pressure and feeding pumps, 
was constructed or assembled to specifications in the 
university’s chemistry and electrical shops. 

The new teaching laboratory has been named in 
honor of Vladimir N. Ipatieff, who made the original 
gift of $21,000 which led to the establishment of the 
research laboratory several years ago. Dr. Ipatieff is 
professor emeritus of chemistry at Northwestern, and 
director of chemical research for the Universal Oil Prod- 
ucts Company. He will be general director of the 
teaching laboratory. 

A Russian-born scientist who came to the United 
States in 1931, when he joined the faculty of North- 
western University, Dr. Ipatieff has devoted his time 
in recent years to the training of young American scien- 
tists and to aiding the cause of democracy through 
chemical research. He repudiated the Soviets and was 

expelled by them from the Soviet Academy in 1936 
upon his refusal to return to Russia to do research. 


® Detection of Isotopes 


A new method for the more effective tracing of radio- 
active isotopes in materials ir which they have been 
intentionally introduced has been developed by L. 
Marton of the National Bureau of Standards with the 
cooperation of P. H. Abelson of the Department of 
Terrestrial Magnetism, Carnegie Institution of Wash- 
ington. In this procedure, by means of a magnetic 
focusing arrangement, the radiation given off by a radio- 
isotope within a sample material is made to form an 
image of the emitting surface upon a photographic 
plate. The image may then be used in studying the 
distribution and concentration of the radioactive ele- 
ment present in the sample. 

In many chemical, biological, biochemical, and other 
fields of research, there is growing application of the 
method of tracers, in which the isotope of a given ele- 


ment is used'as an indicator to tag or label certain . 


groups of atoms so that they may be distinguished from 
other atoms of the same kind. Identification of tracer 
elements is at present greatly facilitated through the use 
of radioactive isotopes, which, because of recent de- 
velopments in atomic energy, are now available in large 
quantities and are relatively easily detected through 
their radiations. 

In the well-known method of radio autography a 
radio-isotope is introduced in a biological or other sys- 
tem, and the distribution of that particular element 
within the system is determined by bringing the sample 
in close contact with a photographic emulsion. This 
method lacks resolving power, because, even in case of 
perfect contact of the sample with the emulsion, the 
circle of confusion from every point of emission is so 
great that details less than a tenth of a millimeter are 
very difficult or impossible to distinguish. 

In order to improve the resolution of this tracer 
method, it was decided to use electron optical image 
formation for determination of the distribution of a 
radioactive element within a given sample. This 
process, which may be called “tracer micrography,” is 
based on the emission of high-speed electrons (beta 
rays) by many tracer elements and the use of magnetic 
lens elements for forming an image on a suitable record- 
ing surface. 

In the absence of any means for correction of the 
chromatic aberration of electron optical lenses, the first 
micrographs were limited to those elements that emit 
electrons of uniform speed. After some attempts with 
columbium 93, yttrium 87, strontium 85, strontium 87, 
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protactinium 233, and gallium 67, the latter was selected 
for the initial tests. Gallium chloride, prepared by 
chemical separation from zinc, was bombarded by 
heavy hydrogen nuclei in the cyclotron at the Carnegie 
Institution, and the solution was evaporated drop after 
drop on a ?/,-inch tantalum disc. Radiation emitted 
from the surface of the disc, upon passing through a 
magnetic lens consisting of a small iron-clad coil with 
iron pole pieces, was brought to a focuson a photographic 
film at a distance of about 3'/2 inches. An image of 
the tantalum disc was thus obtained showing radio- 
active areas. The conditions were selected so that a 
linear magnification of 2 was produced. 


@ Isotope Separation 


A new and highly efficient type of countercurrent re- 
flux molecular still for the separation of natural isotopes 
has resulted from wartime research at the National 
Bureau of Standards with the cooperation of the United 
States Department of Agriculture. During the course 
of the work, several modifications of the apparatus have 
been developed in connection with research on mercury 
isotopes. 

The discovery of practical means of obtaining iso- 
topes furnished the chemist and biologist ‘with a power- 


ful tool—known as the method of tracers—for the study 


of chemical processes, particularly those which take 
place within the living organism. The method of 
tracers uses an isotope of a given element as a “tagged 
atom,’’ which may be traced through a series of chemi- 
cal reactions without loss of identity. Now that quan- 
tities of previously rare artificial radioactive isotopes 
are available, because of recent discoveries in nuclear 
physics, the progress in their utilization as tracers can be 
greatly expedited. However, for many applications of 
this method the stable, naturally occurring isotope of a 
given element is required. The countercurrent reflux 
still has proved to be an effective instrument for the 
separation of the natural isotopes of mercury, and is 
expected to have application to isotope work on other 
elements. Meanwhile, plans are being made for the 
application of this type of apparatus to the separation 
of pure hydrocarbons from petroleum and the isolation 
of vitamins from animal and vegetable products. 

The term molecular distillation has been applied to 
that type of distillation where there is no return of 
escaping molecules to the evaporating surface. This is 
accomplished by operating with high-boiling (low- 
vapor-pressure) liquids under such high vacuum that 
the mean free path of the escaping molecules is of the 
order of the distance between the surface of the evapo- 
rating liquid and the cooled condensing surface of the 
still. 

In molecular distillation, the relative rates of escape 
of the various types of molecules from a composite 
liquid surface are determined by two factors: (1) the 
vapor pressure (or the boiling point) of each component, 
and (2) the average molecular velocity of each com- 
ponent. Vapor-pressure differences among the iso- 
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topes of the heavy elements are small or nonexistent, 
whereas molecular velocities, at a given temperature, 
are inversely proportional to the square roots of the 


atomic weights. Molecular distillation thus offers a 
very practical means not only for separation of the iso- 
topes of the heavier elements but also for the separation 
of any mixture of high-boiling substances differing in 
molecular or atomic weight. The latter application is 
particularly useful in the separation of hydrocarbons 


-that do not differ appreciably in boiling point or are 


unable to withstand the high temperatures of ordinary 
distillation. 

Previous work on the separation of mercury isotopes, 
using small single-stage molecular stills, has had little 
practical value because of the labor involved, the time 
consumed, and the large quantity of mercury required. 
In order to obtain appreciable concentration it is neces- 
sary to repeat the process many times.. This requires 
an elaborate system for collecting, recombining, and 
distilling fractions. If this is not done, a tremendous 
quantity of mercury would be necessary in order to 
separate even one gram of a single isotope. 

To overcome these difficulties, a new type of molecu- 
lar still was designed in which a number of single- 
stage stills are so connected that recombination of frac- 
tions takes place automatically by gravity feed. In this 
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Figure 1 


Diagram of a 10-cell cascade system for separation of mercury isotopes by 
counter-current reflux molecular distillation. The over-all effect is to con- 
centrate the lighter isotopes in the uppermost cells and the heavier isotopes 
in the lower cells. 
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way, the necessity of making repeated ‘‘cuts,” with 
consequent reduction in output, is eliminated. The 
resultant separation, realized in one operation, is 
equivalent to the separation per stage raised to the 
power of the number of stages. As a result, the time 
and labor involved become much less than for repeated 
distillation in a single-stage still. For example, a 
separation that would have required 55 individual and 
recombination distillations was obtained in one step 
with a 10-compartment still. In addition, the quantity 
of mercury required is enormously reduced. 

The multistage molecular still consists of a series of 
evaporating surfaces, or pools, set adjacent to each 
other but at slightly different levels. A cooled roof 
directly above each pool serves to condense the vapor. 
The roofs are so sloped that the condensate will run 
along the surface to fall into the adjacent cell higher up. 
Each pool is equipped with a spillover, which allows 
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Figures 2, 3, and 4. 


The mechanism of operation of a multistage molecular still, designed for 
the separation of isotopes by counter-current reflux, is shown in Figure 2. 
The vapor rising from the surface as of the liquid in cell As condenses on the 
sloping surface bs and runs down to drop into the adjacent cell A« higher up 
in the series. At the same time the liquid level in cell Aa is kept constant by 
means of a spillover S, which allows the liquid to flow back into cell As. Asa 
result, the lighter isotope is concentrated in the uppermost cell, while the 
heavier isotope collects in the lowest cell. The same arrangement is viewed 
from above in Figure 3. Note that the spillovers S are cut at alternate ends 
of adjacent cells to provide thorough mixing of the liquid. A single-stage 
glass molecular still is illustrated in Figure 4. This still was used in a study 
of free evaporation at temperatures above 100°C. in order to work out more 
efficient multistage still designs. The condensing roof, at an angle of 30° 
with the horizontal, is cooled by an alcohol-dry-ice mixture, and the evapo- 
rator is heated with an oxy-gas blast-lamp. 
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liquid to run back in amount equal to the condensed 
vapor carried forward. The over-all operation is such 
that the light fraction increases in concentration toward 
the upper end, while the heavy fraction increases in 
concentration toward the lower end of the still. 

In addition to the great savings of time, labor, and 
materials effected through use of this still, there are 
further advantages. The operation can be made con- 
tinuous; the material to be concentrated can be fed 
into the system at one end or at the midpoint, if both 
light and heavy fractions are of interest; and the con- 
centrate can be withdrawn continuously. Further- 
more, the entire separation can be run without exposing 
the material to the atmosphere; this is particularly 
desirable for liquids that are susceptible to decomposi- 
tion upon exposure to air. 


& PH Scale 


The pH unit, used to express numerically the degree 
of acidity or alkalinity of aqueous solutions, may be 
defined in a number of ways, each resulting in a slightly 
different value for the pH of a given solution. Conse- 
quently, several pH scales, based upon various defini- 
tions, have met with equal favor among chemists. In 
view of the increasing need in science and industry for 


accurate determinations of acidity, the National — 


Bureau of Standards is recommending the universal 
adoption of a single standard pH scale, analogous to the 
International Temperature Scale. It is proposed that 
the pH assigned to solutions of buffer substances dis- 
tributed by the Bureau as Standard Samples be taken 
as the fixed points on this standard scale. 

In the preparation of many commercial products— 
for example, paper, textiles, dyes, ceramics, and beer— 
the rapidity and efficiency of the processes depend upon 
accurate control of the acidity or alkalinity of aqueous 
solutions. Such control is now a regulatory require- 
ment in the preparation of certain medicines and in the 
manufacture of paper and leather for the Government. 
In sugar manufacture, the inversion of sucrose can be 
regulated at will or avoided entirely by holding the 
acidity within certain limits. Similarly, regulation of 
the acidity of electroplating: solutions permits the 
character of the deposit to be controlled. Another 
application of particular importance is the avoidance 
of corrosion and embrittlement of boiler walls and 
tubes by regulation of the acidity of boiler water. The 
widespread losses due to underground corrosion are 
likewise effectively curbed in many cases by proper 
adjustment of acidity. 

The several convenient pH meters now available 
commercially enable precise determinations of pH 
values in such varied media to be made with ease and 
rapidity, but these values are based upon a scale fixed 
by the pH assigned to the standards with which the 
instrument has been calibrated. The differences 
among scales of pH are the direct result of different 
procedures, definitions, and assumptions employed in 
arriving at the pH of the standard. The pH may be 
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defined in one instance as the negative logarithm of the 
hydrogen-ion concentration or, again, as the effective 
concentration or “activity” of this ion. Often the pH 
value as defined by Sgrensen in terms of the electromo- 
tive force of a galvanic cell with hydrogen and calomel 
electrodes is chosen. Although the differences among 
these scales rarely exceed 0.1 unit, the need for greater 
accuracy makes desirable the general adoption of a 
single series of consistent pH standards. 

In an effort to encourage standard procedure in pH 
measurements, the National Bureau of Standards is 
now supplying four buffer materials in the form of 
Standard Samples of certified purity. These sub- 
stances are acid potassium phthalate, potassium dihy- 
drogen phosphate and disodium hydrogen phosphate 
(intended to be used together), and borax. They are 
being distributed at the rate of several hundred samples 
annually. The certificiates furnished with these com- 
pounds specify the pH of certain aqueous solutions of 
the sample, which can provide fixed points on a pH 
scale. 

In order to assign exact values to these fixed points, 
it was necessary to set up a scale based upon some suit- 
able definition of pH. A consideration of the advan- 
tages and limitations of several scales led to a choice of 
a modified activity scale as most convenient and prac- 
tical for general use. Although the activity of a single 
ionic species can be simply defined only in very dilute 
solutions, the influence of the hydrogen-ion activity in 
chemical equilibria is of far-reaching importance. 

The pH of the N. B. 8S. standards is derived from 
measurement of the electromotive force of cells without 
liquid junction, in which they are used as electrolytes. 
These cells are specially designed, utilizing the highly 
reproducible hydrogen and silver-silver chloride elec- 
trodes. Computation of pH is based upon several 
reasonable assumed relationships between ionic activi- 
ties and mean activities. These assumptions are found 
to give identical values for dilute solutions. The scale 
thus obtained approaches a true scale of activity for 
solutions of low concentration; at higher ionic strengths 
it is best regarded as a consistent scale which necessarily 
rests upon an assumption not subject to experimental 
proof. 


@ Ethyl Corporation Fellowships 


Graduate fellowships, providing students with 
scholarship grants plus tuition, have been created thus 
far this year by the Ethyl Corporation at the University 
of Michigan (2), Princeton University, University of 
Tulsa, Wayne University, University of Oklahoma, 
Louisiana State University, ‘Purdue University, and 
University of Texas. 

The Ethyl fellowship program was established ten 
years ago to stimulate and aid students who showed 
promise in advanced industrial and engineering re- 
search.. Except that the academ*  ojects be of inter- 
est to the petroleum, automotive, or chemical industry, 
the fellowships do not restrict the recipient’s course of 
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study. Further, it is announced, fellows are not obli- 
gated to future employment with the company. 


a Canary Joins Lab Staff 


This canary has a new job—guarding the lives of 
research workers. Three of the songsters are “em- 
ployed” at Gulf Laboratory’s pilot plant for producing 
gasoline from natural gas and coal. By exhibiting 


signs of distress, the canary signals—almost at once— 
the leakage of deadly carbon monoxide used in the 
process. While a man may feel only a slight headache 
at the end of 20 minutes in an atmosphere of 0.25 per 
cent carbon monoxide, canaries show alarm in one min- 
ute and fall from their perch in three minutes. 





fe) Ultraviolet Use 


The Dutch whaler, “William Barentsz,” faced a 
serious problem recently. The outgoing cargo was 
whale oil and the incoming load was fuel oil. The 
ship’s tank had to be cleaned thoroughly each time the 
vessel came into home port because a few drops of 
fuel oil lurking in a corner would make the whale oil 
unfit for use. Philips engineers suggested “black 
light” for the job and the idea worked very well. 
Because it has strong fluorescent properties, fuel oil 
glows in ultraviolet light and this made it easy to locate 
the last traces in.the tank. 


APPLICATION RESEARCH IN INDUSTRY’ 


Tue term “application research” is one with which 
most of us are now familiar. However, not so many 
years ago the term was completely unknown. Chemi- 
cal research in this country has traditionally been di- 
rected toward the developing of new compounds and 
the development of uses for these new compounds once 
they were known, or else the developing of new com- 
pounds with very well-known and advertised functional 
groups. In the last ten or fifteen years a whole new 
type of industrial research has sprung up which is cover- 
ed by the term—application research. It is also some- 
times known by its alias, industry research, and arises 
from the recognition of the need for certain properties 
or qualities in products which are used and the attempt 
to synthesize compounds or mixtures of compounds 
having these properties. It is differentiated from tra- 
ditional chemical research by the fact that it is not 
necessary to a solution of the problem that the exact 
nature of the compounds so used be known or that they 
be of a single given composition. Perhaps the most 
striking difference between application research and the 
more traditional form of research is that pure com- 
pounds are relatively unknown in the field of application 
research. In other words, it is the snythesis of com- 
pounds which will do a specific job without being too 
fussy as to whether these compounds are identifiable or 
are discrete. Application research in industry is 
characterized by the need of large or medium scale test- 
ing facilities which duplicate the conditions to be found 
in the industry toward which the research is directed. 
Ordinary chemical and physical tests are not sufficient 
to establish the utility of a product for the given‘ap- 
plication. In almost all cases this stems from a basic 
ignorance as to the fundamental physics and chemistry 
of the application and a need for filling the requirement 
without taking the time to find the fundamentals in- 


1 Presented before the 242nd meeting of the New England As- 
‘sociation of Chemistry Teachers, Laconia, New Hampshire, Oc- 
tober 18, 1947. 





FREDERIC L. MATTHEWS . 
Monsanto Chemical Company, Merrimac Division, 
Boston, Massachusetts 


volved. However, asa corollary to application research, | 


every industry which engages in it is also at the same 
time trying to discover the fundamental principles in- 
volved in order to avoid complicated testing. 

In many fields of application research the final test is 
only in actual use; laboratory imitations of the field 
usage cannot be considered to give a final answer, and, 
moreover, chemical and physical tests cannot with cer- 
tainty predict even what the laboratory tests will show. 
This leaves us in the position of relying on chemical and 
physical tests of products to show only that they are 
uniform and leads to dependence on uniform methods of 
synthesis and uniform raw materials for uniformity in 
applicability. 

It also means that an intimate knowledge of the in- 
dustry involved is necessary for the correct solution of 
an application problem. The individual who wishes 
to solve an application problem must know just what is 
involved in the field usage contemplated. 

Most of us take an automobile for granted. We get 
in, turn on the ignition switch, step on the starter and 
expect to get away from there in the minimum possible 
time. However, the motor under the hood is an intri- 
cate piece of machinery and involves the sliding contact 
of metals moving at high speeds and high temperatures. 
In order to prevent seizure of these metals, it is custom- 
ary to include a lubricant. Some of us may have had 
the experience of what happens when the. lubricant is 
absent. More broadly, however, the production of the 
proper lubricant for an automotive engine is a very good 
example of application research. With time and the 
development of more efficient automotive engines the 
requirements on lubricants became more and more 
severe. Oil distilled away from the more unstable por- 
tions of the crude was no longer satisfactory for lubri- 
cation. Greater and greater demands were placed on 
the lubricating oil until finally the natural lubricants 
were no longer able to satisfy the requirements. Then 
a whole new field of chemical additives to lubricating oi 
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was opened up. These chemical additives were de- 
signed to improve one or more properties of the oil. 
For instance, the ability of oil to flow at low tempera- 
tures is regulated by two things, one of which is the in- 
trinsic viscosity of the oil. The other, however, is the 
crystallization of wax particles in the oil. The tem- 
perature at which the combined effect of viscosity and 
wax crystallization causes the oil to become solid is 
known as the pour point and a whole group of chemical 
additives designed to reduce this pour point by in- 
hibiting crystallization of wax has been developed and 
marketed. However, in this case, as in all other cases, 
laboratory tests for pour point are dependent on the 
temperature cycle used and no one satisfactory test has 
yet been developed. Therefore, the ultimate evalua- 
tion of pour point depressants must be in terms of field 
testing so that this is strictly an application research 
job and demands specialized knowledge of the industry 
involved, since lubricating oils from different crudes 
respond quite differently to pour point depressants. 

Another factor which is of importance in lubricating 
oil is ability to resist deterioration and lack of tendency 
to corrode hard alloy bearings. Chemical additives 
have also been developed for the purpose of acting as 
antioxidants and corrosion inhibitors. In the case of 
antioxidants, again, actual field trial is the only satis- 
factory criterion of performance. However, in this 
case some improvement over that situation has been 
made during the war. Through the cooperative efforts 
of the oil industry, the automotive industry, and the 
Army, through the Coordinating Research Council, the 
36-hour Chevrolet test was standardized as a means of 
testing oxidation and corrosion inhibitors. The test 
consists of placing a standard Chevrolet engine on a 
test block and running it under a known load and known 
speed for 36 hours. This is a very severe test and con- 
siderable question has been raised as to its correlation 
with field performance in the case of passenger cars. 
However, Army experience showed that lubricants 
which satisfactorily passed this test were satisfactory in 
the field, and if any criticism is to be leveled at the test 
it is on the basis that it is too severe. 

In the case of antioxidants as in pour depressants, 
physical and chemical tests on the lubricants or on the 
additives to the lubricants themselves have no sig- 
nificance except as a control of quality. The problem 
of selecting the proper antioxidant is, therefore, an ap- 
plication research job and it is again complicated by the 
fact that no two base oils seem to respond alike; so the 
problem becomes one of selecting the proper combina- 
tion of blending stock and antioxidant. 

Another property of a lubricant that is considered 
very desirable is its lack of tendency to cause piston 
rings to stick. Sticking of the rings means loss of com- 
pression and eventual wear of the rings and complete 
breakdown of the motor, so lubricants which are resist- 
ant to ring sticking are desirable. In order to achieve 
this detergents (or dispersants) were developed. These 
are generally metal salts of organic or alkyl inorganic 
acids, and serve to keep the troublesome products of 
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combustion dispersed through the lubricant. The only 
really satisfactory test for such detergents or disper- 
sants is the field trial. However, again in this case, the 
Army and the automotive and oil industries through 
the Coordinating Research Council, during the war de- 
veloped certain engine tests which could be run on a test 
block and largely avoid the necessity for extensive field 
tests. Even these tests were not too simple. One of 
them involved running a single-cylinder Diesel engine 
for 500 hours on a test block. Monsanto, has 
used a shorter single-cylinder engine test to meas- 
ure comparative detergency of oils containing these 
chemical additives. However, the field test is the final 
answer. But, as in all other lubricating problems, the 
base oil or blending stock introduces another variable. 
This again is a strictly application research job requiring 
an intimate knowledge of the problem in the field in 
order to be able to synthesize compounds which will 
satisfactorily meet the problem. 

The final illustration from the lubricating field is con- 
cerned with gear oils. The development of more and 
more powerful trucks carrying heavier and heavier loads 
and the need for getting the maximum load on each pos- 
sible truck during the war put a great strain on the lubri- 
cants used in the rear axles of these vehicles. The 


strain on the rear axle was so great that additives were 
absolutely required to enable the oil to bear the load. 
Again the types of materials used cover a wide range and 
can be selected only on the basis of actual road tests or 
large-scale test-stand installations which simulate road 


tests. Physical and chemical tests merely maintain 
uniformity. 

Let us depart from the field of lubricants to one which 
is probably more familiar toeveryone. Probably every- 
one will concede that it would be desirable to have 
fabrics that are resistant to crushing or creasing. Any- 
one who has made a long plane or train trip or packed 
clothes tightly into a bag has often wished for fabrics 
that would spring back to their original shape. Such 
materials have been developed. The property desired 
here is resistance to crush and can only be determined 
by actual test. Physical and chemical tésts on the com- 
pounds merely maintain uniformity. 

Similar problems arise in the treatment of textiles to 
decrease shrinkage on laundering. The test is running 
through a laundry machine several times to determine 
the amount of shrinkage. 

There are similar examples in the field of paper chemis- 
try. It has long been recognized that paper which 
would not tear easily when it was wet would be a very 
desirable thing. This so-called wet strength can be 
achieved by incorporating chemicals or resins in the 
manufacture of the paper. But the test of their suit- 
ability is their actual performance. 

It would not be difficult to run through a score of 
other cases of products which are commercially made 
today in large volume and which were developed 
through application research. Suffice it to say that as 
long as we do not understand the basic physics of lubri- 
cation or know the basic chemistry of the composition of 
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lubricants, so long as we do not understand the basic 
chemistry of cellulosic materials such as textiles and 
paper and so long as we do not know the basic chemistry 
of leather, then we will have to depend on application 
research for the production of products which will give 
us the quality we desire and we will have to develop and 
train chemists who are familiar with the industry they 
are working with; who, moreover, are as familiar with 
that industry as the people working in it themselves and 
can bring that familiarity back to the laboratory for the 
synthesis of compounds or formulations which will meet 
the needs of the industry. We will also have to resign 
ourselves to the establishment of extensive testing fa- 
cilities in order to evaluate the products of the labo- 
ratory in terms of semi-large or large-scale industrial 
applications and we will also have to admit that except 
in very rare cases, the only real criterion of satisfactory 
performance is actual field trial. 
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€ Schedule of Meetings, 1947—48 


March 27: St. Thomas Seminary, Bloomfield, Connecticut { 
May 8: Malden High School, Malden Massachusetts (Annual |) 
Meeting) ; } 
August 22-28: Tenth Summer Conference. University of Maine, | 
Orono, Maine ; 
Note that the date of the meeting at St. Thomas Seminary has | 


been changed from April 3 to March 27. i 


ry Officers for 1947—48 


Eldin V. Lynn, President, Massachusetts College of Pharmacy, | 
Boston 15, Massachusetts; Dorothy W. Gifford, Secretary, Lin-}) 
coln School, Providence 6, Rhode Island; Lawrence H. Amund- 
sen, Editor of the Report, University of Connecticut, Storrs, Con- 
necticut; Millard W. Bosworth, Immediate Past President; John 
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R. Suydam, Vice-President; Carroll B. Gustafson, Treasurer; § 


Leallyn B. Clapp, Southern Division Chairman; Helen Crawley, 
Central Division Chairman; Jean V. Johnston, Western Division 
Chairman; Donald C. Gregg, Northern Division Chairman; Ralph 
E. Keirstead, Curator; Elbert C. Weaver, Chairman of the En-) 
dowment Fund; S. Walter Hoyt, Auditor. 





THE USE OF PUNCHED CARD TECHNIQUES IN THE CODING OF INORGANIC COMPOUNDS 
(Continued from page 143) 


the number of members in the ring, while the following 
digit represents the number of different elements present. 
The fourth digit in the symbol gives the number of such 
rings in the structure being coded. Thus, the rings 


i 7 * a 
" 5 
\ 
xX 6 ‘o 
| || and | 
Pf Si Si 
Y/ Dagl- < 
N O 


are both coded as Q621. The elements which are 
present are then indicated in the usual way: 

-T4LI38 — U1438 and T4A8—U423 

(83Pt+s (3N-3 (8Sit4 (30-3 

Atoms) Atoms) Atoms) Atoms) 
This addition to the system is useful for it enables the 
searcher to sort quickly all derivatives of any ring struc- 
ture, such as (PNX2)s. 

Compounds which contain both organic and inorganic 

structures not linked through carbon are easily handled 
by this system. In coding a metallic salt of an organic 
acid, for example, the organic ion is included in the 
purely organic part of the code and the inorganic part 
in family R. Esters of inorganic acids are handled in a 
similar fashion. However, special provision must be 


made for compounds in which carbon is attached di- 
rectly to a metal or to some element other than hydro- 
gen, oxygen, sulfur, nitrogen, or halogen. The exist- 
ence of an inorganic element in such a compound is 


shown in family P. 


In order to bring similar com- 


pounds out in the same sorting operation, the concept 
of oxidation state used in families R and T is abandoned 
here. In place of oxidation state we have used the total 
number of electrons which the atom in question has 
furnished (either by transfer or sharing) for bond forma- 
tion. Thus, the designation for arsenic in (C,H;). 
AsO:H is PAJ1, AJ indicating arsenic, all five valence 
electrons of which are utilized in bond formation. The 
arsenic in (CsH;)2AsH, on the other hand, furnishes 
only three electrons to bond formation and is coded as 
PAL1. As in the strictly inorganic compounds, a 


a a aii mtn iat. 
. 





chain of like atoms which is attached to carbon is given 
a special group number instead of being coded according 
to number of electrons used. Thus, the chain of § 
arsenic atoms in (CH3)2 AsAs(CHs)2 is coded as PA(11)2 § 





Uni 
A 


| 


a 


eo 


the A (11) designating a chain of arsenic atoms and the 2 § | 


indicating the presence of two atoms in the chain. The § 
group number for arsenic in cacodyl oxide, (CHs)2- 
AsOAs(CHs3)2, however, is PAL2. 


At first sight, these rules for codification may seem to 
be complex, and the system needlessly cumbersome. } 
However, very little study clarifies the rules, and any- }} 
one who has a list of group numbers and knows the struc- § 
ture of the compound in question can write a correct 
designation. All of the compounds which have been 
suggested to us are amenable to coding under this sys- 
tem. It is impossible, in a short review, to give all of 
the rules, so some minor points have been omitted. It § 
is hoped, however, that the plan has been outlined in 
sufficient detail to indicate its nature, and to elicit sug- 
gestions for further work. 
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9 GRADUATE APPOINTMENTS IN CHEMISTRY 
AND CHEMICAL ENGINEERING 


(Continued From the February Issue) 


























University of Minnesota 100TA 900 Oo 39 TF Gre Or) SL hee eungeeeeoerieg 
Minneapolis, Minnesota 6F 1200 i 0 ah SO -( oly) — = kpeudch’s agare aaah ter weraeata 
1F 1200 0 . 3 _ R, organic 
1F 1200 0 “ wr = R, high polymers 
3F 1200* 0 ee 3 - * 1800 if married 
1F 1200* 0 af es " *R, organic; 1800 if 
married 
1F 1000 0 i = ne FO errr cee 
1F 1000 0 e i” “ R, organic 
1F 1000 0 sl “ rs R, physical ° 
1F 3000 0 " 4 PD 
University of Missouri School. 22A 810* ee —-T-F Sept. HDC * 900 2d yr 
of Mines 5RF 750 9 0 - le NN MR 8 Io ea he 
Rolla, Missouri 1F 1100 9 0 sd és SO TREY EE OTe eee eae he deco eas 
1F 1200 9 0 “e “ BEd: “Loe > lekgeee ae terete ere 
University of New Hampshire ?A 600 10 7/2 me Sept. HDC Primarily for G. I.’s 
Durham, New Hampshire 2A 800 10 12 =e: 8 * $45 yr. 
Northeastern University 4TF 100 m 12 T Geot HbD@—Apel ici Tie sie 
Boston, Massachusetts : 
Oberlin College 2s 0 9 ? Te Sens Ee oO eeeeeeeaesaraces 
b Oberlin, Ohio 2A 900 9 15 - . BP ree yh! |i sada etree eee 
Ohio State University A 900 9 15 TE’ -Oct*" HDC * Also Jan., Mar., June 
Columbus, Ohio 
University of Oregon 6TA 780 g lh —T-F re FREGG 1%) - Aseemetegeomeeceanes 
Eugene, Oregon 4TA 660 9 15 " ws Fo |e inn os diate ee eeces sacearseeaers 
2RF lllm 12 0 “f : R 
1RF 110m _ 12 0 i af R 
1RF 100m 12 0 " a R 
2RF 50m 12 0 “ : R 
University of Pennsylvania ?GS 0 9 0 SB ki ae akigm @ - = | teksre er rene ae erarmeee 
Philadelphia, Pennsylvania 6GS 200 9 0 ce) eyes | © iceman ta worttaraeraatee 
?GF 600 a 0 a After 1st yr.; read Fr. 
& German 
1F 1000 9 0 i M; Met. or Chem. Eng. 
1F ~ 1200 9 0 ly x ea , M. 
2F 1200* 9 0 yl ae mee * 1800 if married 
University of Vermont 4A 800 9 15 ‘ -Oent teen TT se eee ena 


Burlington, Vermont 





KEY TO THE TABLE 


Unless otherwise stated the positions listed in the table are 
available only to those who can qualify for admission to the gradu- 
ate school of the particular institution. 

Omissions in the table occur when the information is lacking; 
question marks indicate ambiguity or uncertainty. 

It should be realized that some institutions have not an- 
nounced all their fellowships, some of which may be available 
only to their own students. 

The columns in the table are used as follows: 

1. Name and address of the institution. 

2. Number and designation of positions. S = scholarship; 

A = assistantship; F = fellowship; T = teaching; 
R = research; G = general, open to students in other 
fields than chemistry or chemical engineering. 

3. Stipend, in dollars per year, unless otherwise stated (m = 

per month; s = per semester; h = per hour). 

4. Length of appointment or service in months. If hot 

stated, the “academic year’ (9 months) is assumed. 
8 = semester. 
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5. Maximum hours per week of teaching or other service re- 
quired. Fractions indicate “proportion of time” ex- 
pected for such service. 

6. Status of tuition, etc. T and F indicate that tuition and 
fees are remitted. —T (or —F) indicates that tuition 
(or fees) must be paid out of the stipend. S indicates 
that additional amounts are provided for supplies. 

7. Date when appointment takes effect (generally with the 
beginning of the next academic year). 

8. Address for additional information or for making applica- 
tion. HDC = head of chemistry department; DGS = 
dean of graduate school. A date indicates the closing 
of applications. 

9. Supplemental remarks. Special qualifications and limita- 
tions are given here. R indicates that the field of the 
appointment (or of the ‘research to be carried out) is 
restricted, and the limitation may be indicated. M = 
limited to men; W = limited to women. D = for 
Ph.D. candidates only; PD = postdoctoral. 
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1 : 2 3 4 5 6 7 8 9 
Washington University ?A =: 1250-1500 9 12 —-T+F git bums dha h- lama a Sid snag shondl Netrrnerc tee ces 
St. Louis, Missouri 1F 1200* ae TF HDC 2d yr. D; *1800 if 
married; R 
. 1F ? as 0 TF es 
Louisiana State University 40A 720-900* 9 .. TF HDC * 990-1081 2d yr. 
Baton Rouge, Louisiana TRA 1200 11 0 TF Poe, Thea). a0 Seater te tenaa cect arene tae er 
1F 3000 11 0 TF 4 PD 
1F 4000 11 0 TF hi PD 
University of Utah 20TF 750-1000 9 14 -T HG) |}  mieache wre 
Salt Lake City, Utah 2RF 800 9 0 3 si R 
1RF 1200 9 0 a se R 
SPECIAL ANNOUNCEMENTS . 
° Information Not Covered in the Main Table 


Indiana University. At the present, there are ten 
fellowships sponsored by drug and chemical concerns 
for research in biochemistry, inorganic chemistry, or- 
ganic chemistry, and physical chemistry. In the past, 
there has been no policy followed in awarding these but 
in the future these will probably be awarded to those 
graduate students who have proved themselves to be of 
exceptional ability both in classwork and research. 

Bryn Mawr College. The Helen Schaeffer Huff Me- 
morial Research Fellowship will be offered for the year 
1948-49 to a woman working in either physics or chem- 
istry. Applicants for this fellowship must be women 
who have done advanced graduate work at some col- 
lege or university of recognized standing and.have dem- 
onstrated ability to do research. The award of the fel- 
lowship will depend primarily upon the applicant’s 


record as a research worker. Where equally good candi- 
dates are considered, preference will be given to a stu- 
dent working on problems which may be considered to, 
lie along the borderline between chemistry and physics. 
Applications should be received by March 1. For fur- 
ther information address the Dean of the Graduate 
School, Bryn Mawr College, Bryn Mawr, Pennsylvania. 

Oberlin College. The Charles M. Hall Research In- 
structorship is a research instructorship in chemistry 
for a man or woman with a Ph.D. degree or correspond- 
ing experience. Holders of this instructorship who wish 
to gain teaching experience may spend up to one-fourth 
of their time teaching within the Department. The 
remaining time is spent on research, usually in coopera- 
tion with one of the permanent members of the De- 
partment. 


Keceut- Gooke 


& THE CHEMISTRY OF THE CARBON COMPOUNDS 
VOLUME IV: THE HETEROCYCLIC COMPOUNDS 


Victor von Richter. Edited by Richard Anschutz. Newly 
translated by M. F. Darken and A. J. Mee. Third English 
Edition. Elsevier Publishing Company, Inc., New York, 1947. 
xv +498 pp. 14 X 21.5 cm. $15. 


Vo.tumE Iv, the last of this comprehensive series, is a literal 
translation from the twelfth German Edition. 

With the outbreak of World War II the publishers were 
faced with the difficult problem of deciding whether to discontinue 
publication of the translation and revision of the twelfth German 
Edition with Volume II of the series or to complete the series 
with a literal translation from the German. The latter pro- 
cedure was followed for Volume III and apparently was ap- 
proved by the majority of reviewers despite the many short- 
comings. This fourth volume likewise completes the literal trans- 
lation of the remaining parts of the German set. 

This fourth volume deals with ‘Heterocyclic Compounds,” 
which constituted Volume III of the original German set and 
“Free Radicals,’ a part of Volume II, Part 2, of the same Ger- 
man original. [See Tats JouRNAL, 23, 520 (1946).] 

The user will find this completed series of four English volumes 
to be a concise and comprehensive inventory of the most im- 
portant organic chemical compounds. References again are 


given to the original journals with authors’ names added where 


possible, rather than to Chemisches Zentralblatt. The treatment 
of heterocyclic compounds, while not exhaustive, is surely varied, 
extensive, and representative. The section on free radicals 
is modern and comprehensive. The index is detailed, adequate, 
and directive. 

While it must be admitted that book publishers are still both- 
ered with numerous wartime scarcities and restrictions, it is 
unfortunate that the quality of the paper and binding is not on a 
par with the contents of this book. In fact, several noticeable 
variations in the color, texture, and weight of the paper used are 
immediately obvious in this single volume. 


RALPH E. DUNBAR 
Norra DaxoTa AGRICULTURAL COLLEGE 
Farao, Norta Dakota 


& ORGANIC ANALYTICAL REAGENTS 


Frank J. Welcher, Associate Professor of Chemistry, Indiana 
University, Extension Division. D. Van Nostrand Company, 
New York, 1947. Volume III. xi + 593pp. Illltables. 15 X 
23cm. $8. ($7 set price per volume). 


Turis 1s the third volume in a set of four books which “bring 
together all known information on the organic analytical re- 
agents.” The compounds are systematically arranged by their 
chemical structure and detailed directions are given for every 
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method of determination for which each reagent has been re- 
ported. References to the original literature are listed after each 
reagent. The arrangement and style of treatment in Volume 
III are the same as in the preceding volumes. For reviews of 
Volumes I and II, see Tuts JouRNAL, 24, 364, 519 (1947). 

Volume III contains 19 chapters, covering the following topics: 
pyridine and its derivatives (Chapter I, 48 pages), quinoline and 
quinoline derivatives (Chapter II, 15 pages), dipyridyl and re- 
lated compounds (Chapter III, 41 pages), pyrazolone derivatives 
(Chapter IV, 12 pages), miscellaneous heterocyclic nitrogen 
compounds (Chapter V, 37 pages),- the dioximes (Chapter VI, 
80 pages), acyloin oximes (Chapter VII, 15 pages), hydroxy- 
oximes (Chapter VIII, 20 pages), monoximes of diketones (Chap- 
ter IX, 5 pages), isonitroso compounds (Chapter X, 13 pages), 
isonitroso phenols (Chapter XI, 49 pages), miscellaneous oximes 
(Chapter XII, 16 pages), cupferron and neocupferron (Chapter 
XIII, 49 pages), nitroso amines (Chapter XIV, 8 pages), rho- 
danine and its derivatives (Chapter XV, 15 pages), carbazides, 
thiocarbadizes, and semicarbadizes (Chapter XVI, 24 pages), 
carbazones (Chapter XVII, 9 pages), thiocarbazones (Chapter 
XVIII, 90 pages), and miscellaneous imino compounds (Chapter 
XIX, 25 pages). The volume concludes with an index of names 
and synonyms of the organic reagents treated in the text, and 
one on their uses, the compounds being listed alphabetically 
under the element or radical for which they are employed in 
analytical procedures. 

Volume III, together with the three others in the series, will 
make a useful reference source for all who have occasion to make 
chemical analyses. 


JOHN H. YOE 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 
g SMALL WONDER—THE STORY OF COLLOIDS 


Gessner G. Hawley. Alfred A. Knopf, New York, 1947. 
pp. $3.50. 


THE AUTHOR has attempted with this book to explain to ‘those 
who have the curiosity but lack the time to study more erudite 
treatises’ what the term ‘colloid’ actually implies. This is un- 
questionably a very worthy and very timely undertaking. From 
the point of view of the teacher in chemistry or physics, however, 
the book does not seem acceptable without some reservations, the 
most important one being that it should not be used as reading 
matter in science courses at either the high-school or the univer- 
sity level. The main reason for this criticism is that the reader 
who has not the background needed to realize that this book is 
written for the layman, might get an entirely wrong under- 
standing of the fundamentals of colloid chemistry. This refers 
quite specifically to the way the-author has defined colloids, how 
he has discussed the history of this branch of chemistry, how he 
has attempted to explain many of their specific properties, and 
his explanation of the way many of these have been successfully 
applied in industry. A further objection must be voiced from the 
point of view of a colloid chemist to the elaborate discussion given 
on the electron microscope and its use and the lack of any worth- 
while discussion of the application of ultra microscopy and other 
tools specific for matter present in the colloidal range of di- 
mensions. One other point: To the uninformed reader, it would 
appear that practically every important contribution to colloid 
chemistry, including the development of the electron microscope, 
was made in the United States of America. -It might be well to 
point out here that science is still an international field of en- 
deavor, and, with all due respect to our own contributions, we 
must admit that the pioneer contributions to colloid chemistry, 
as well as the development of the electron microscope, were made 
on the European continent. This refers also to the statement 
that the first periodical devoted exclusively to colloid chemistry 
is the Journal of Colloid Science, which appeared for the first time 
in January, 1946. The Germans had two periodicals devoted in 
their entirety to colloid chemistry, since 1906; the French, one, 
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since 1923; and we, in this country, have issued the Colloid 
Symposium Monographs annually since 1923. Since the author 
mentions a number of names of scientists specifically, it must also 
be pointed out that he has overlooked the names of such people as 
Freundlich, Weiser, Holmes, v. Weimarn, Ducleaux, and Hou- 
wink, only to mention a few, all of whom must be considered pio- 
neers in this branch of natural science. 

With the reservations pointed out above, the reviewer never- 
theless hopes that this book will accomplish one purpose, namely 
to arouse the interest of the general public in this world of di- 
mensions which has been overlooked so long. Then the colloid 
chemist will be in a better position than he is today to make his 
contributions of more general value. 


* ERNST A. HAUSER 
Massacuvusetts Institute or TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


8 CHEMICAL PROCESS PRINCIPLES, Part II: Ther- 
modynamics 


Olaf A. Hougen and Kenneth M. Watson, professors of Chemi- 
cal Engineering, University of Wisconsin. John Wiley and Sons, 
Inc., New York, 1947. xlviii +368 pp. 64 figs. 14 22cm., 
$5. 


THIS VOLUME is the second part of a series under the title of 
Chemical Process Principles,” in which Part I covers Material 
and Energy Balances, Part II covers Thermodynamics, and Part 
III covers Kinetics and Catalysis, reviewed in Tuts JouRNAL 25, 
1 (1948). The pagination is continuous throughout the three 
parts so that Part II contains Chapters 11 to 17 and pages 437 
to 804. The index is for all three parts. 

Part II as a text for thermodynamics for chemical engineering 
students can be viewed as such only by considering Parts I and II 
together. Part I contains most of the material dealing with the 
first law, energy balances, thermophysics, thermochemistry, 
and their application to industrial processes at atmospheric pres- 
sure. The seven chapters in Part II deal with thermodynamic 
principles, thermodynamic properties of fluids, expansion and 
compression of fluids, thermodynamics of solution, physical 
equilibrium, chemical equilibrium, and thermodynamic proper- 
ties from molecular structure. 

The chapter on thermodynamic principles opens with a dis- 
cussion of reversibility and the second law, develops the con- 
cept of entropy, and introduces the thermodynamic energy func- 
tions, Gibbs’ free energy (now designated by G in accordance 
with A. S. A. and A. I. Ch. E. standards), and total work func- 
tion. The relationships among the thermodynamic energy 
functions and reference functions are derived after a short ex- 
planation of exact differential equations. Shaw’s method using 
Jacobians is explained. The properties of actual gases are ex- 
plained briefly by the van der Waals equation but their thermo- 
dynamic properties are developed in terms of the compressibility 
factor, Z. The law of corresponding states tas been used to 
derive a series of equations which allow the values of heat ca- 
pacity, enthalpy, and entropy at high pressures to be calculated 
from the generalized Z chart and the reduced temperature and 
pressure. (Such charts are given in 8!/2 X 11-inch size in a 
separate publication, ‘“Chemical Process Principles Charts.’’) 
Although the maximum errors’ (page 518) in such charts may be 
up to 35 per cent, which would appall many a thermodynamist, 
the chemical engineer appreciates having available a group of 
correlations that will enable him to calculate the magnitude of 
the effect on thermodynamic functions of the high pressures he 
must use in his equipment to force the chemical reactions to give 
commercial results. 

Those familiar with the mechanical engineer’s approach to the 
expansion and compression of fluids will look in vain for the 
polytropic coefficient. Again the generalized charts have 
been used to evaluate the changes in the thermodynamic proper- 
ties of the actual gas passing from one state to another. The 
Carnot cycle is not introduced until this chapter and plays only a 
minor role in the development of thermodynamic reasoning based 
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on the second law. Gas compressors, vapor-recompression 
evaporators and refrigeration (but not the more general idea of 
the heat pump) are also discussed here. 

In the chapter on thermodynamics of solutions, the com- 
pressibility of gaseous mixtures is first discussed, followed by 
their critical phenomena. Liquid solutions are discussed briefly. 
The thermodynamic functions chemical: potential, fugacity, and 
activity are defined and their application to nonideal systems is 
illustrated. 

The chapter on physical equilibrium deals largely with vapor- 
liquid equilibrium, both at normal and high pressure, and 
solubility. Chemical equilibrium illustrates the application of 
thermodynamic data to the calculations of equilibrium com- 
positions for a given reaction. The newer methods of pre- 
senting the fundamental data are discussed. Equilibria in 
liquid solutions are considered briefly. 

The final chapter on thermodynamic properties from mo- 
lecular structure is a brief treatment of the use of empirical cor- 
relations and statistical methods to obtain thermodynamic data. 
Although the empirical correlations may be useful if no data are 
available it is doubtful if a graduate student or professional 
chemical engineer can use the statistical methods to find what he 
needs. However, it may stimulate the graduate student to 
further study in this important field. 

For a text to be used at the senior level, the reviewer believes 
that the student should be shown the classical (nonspectroscopic) 
experimental methods by which the values of thermodynamic 
functions have been determined and the agreement found among 
these methods. Then the tables of data mean something in 
terms of what has been done to obtain them. Thus, the third 
law of thermodynamics is discussed in half a page and does not 
leave the student with the feeling that he knows how entropy 
could be determined. At the senior level the instructor must 
use care in selecting the material in each chapter that can be 
assimilated by his students in the time available. A repetition 
of all the material at the first-year graduate level would fix many 
of the concepts which the student previously did not fully com- 
prehend both as to their broad significance and their application. 

The chemical engineer and physical chemist in industrial 
work will welcome the practical viewpoint this book has and the 
C. P. P. charts which will enable him to calculate (or at least ap- 
proximate) the thermodynamic data he needs for his chemical or 
physical process. The reviewer will reiterate from his review of 
Part III: “Every physical chemist should have the three parts 
of ‘Chemical Process Principles’ to learn what the chemical 
engineer does with his physical chemistry.” In this is implied 
that the chemical engineer already has the three parts and is using 
them. 


KENNETH A. KOBE 


Tue UNtIversity oF TEXAS 
Austin, Texas 
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ts THE THEORY OF VALENCY AND THE STRUCTURE OF 
CHEMICAL COMPOUNDS 


Pandit Ray, Professor and Head of the Department of Pure 
Chemistry, University College of Science, Calcutta, India. Pub. 
lished by the Indian Association for the Cultivation of Science, 
Calcutta, 1946. iv + 8l pp. 22 figs. 98 refs., no index. 17 
X 24.5 cm., paper bound. 


THESE cHAPTERS (Cooch-Behar Professorship Lectures) 
about how and why atoms combine, “pass in a brief review the 
various stages of the theory of valency from the days of classica] 
mechanics to the present time, with special reference to its later 
developments.” The first three chapters explain the historical] 
origin and meaning of the term valency, and elaborate on Wer- 
ner’s coordination theory. The subsequent quantum mechanical 
concepts are given with a minimum of mathematics, with some 
helpful wave pattern illustrations, and with mind-opening vigor. 

Complex (coordination) compounds predominate among the 
types of structures discussed in this book, since Professor Ray 
himself made numerous original contributions in this field (in 
1928) he challenged the simplicity of the Bose-Welo-Baudisch 
E. A. N. rule). The bond type transition between double salts 
and “stable”? complexes is well emphasized, but the preferred 
new nomenclature for these compounds is not mentioned. 

Molecular orbital theory is explained and compared with spin 
theory and localized atomic orbital theory. R&y mentions how it 
alone succeeds in correlating isosteres (molecules with similar 
physical properties, spectra, and electron configurations), such 
as N2 with CO and HCN; or O2 with H2CO, C.H,, and B.He; or 
F, with C2He, etc. While magnetic properties of coordination 
complexes can be explained by the molecular orbitals as well as 
by Pauling’s localized bonds, Ray prefers the latter because of 
other evidences such as tracer chemistry—an excellent tool for 
this field—and for the direction-indicating value of localized 
bonds in general. 

Multiple and metallic and ionic-crystal bonds are briefly re- 
viewed, as are resonance (benzene, etc.) and color. Certain 
other equally intriguing valency problems could not be covered 
in this short survey, such as classifying “‘isoteric groups’’ of 
molecules like Periodic Groups of atoms. No mention is made of 
a recent preference for the old double bond structures instead of 
coordinate links in the familiar oxy-acids (Annual Reports, 1945, 
p. 66); nor of the relations between bond length, charge, and 
refractivity; nor of the electron ‘sextet’? as the fundamental 
characteristic in aromatic structures (Remick, 1943, pp. 154- 
160). Nevertheless this little book should serve well as the 
author intended, ‘‘to stimulate the interest of advanced students 
and teachers of chemistry in the subject.” 


WILLIAM WISWESSER 


WILL8ON Propwcts, INC. 
READING, PENNSYLVANIA 
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Did you know that the term “mad as a hatter’? comes from the fact that some com- 
bb 


mercial hatters once were quite mad? 


A U. S. Public Health official tells us that 


‘‘hatter’s madness”’ is manifested by shakes and mental disturbances. These, he says, 
resulted from mercury poisoning caused by the use of mercury to increase the felting 


properties of rabbit and other skins used for hats. 


Only a small percentage of fur cut- 


ters and hat makers were affected, but that, it seems, was sufficient to give rise to the 
term, 
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(Courtesy of Dr. Wilbur C. Stout) 


Theodore George Wormley 1826-1897 


(See page 182) 
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or nickel beams become unreadable in a comparatively short 
while. This exclusive advantage in the Welch balance will 
be appreciated by all laboratory directors. Because of the 
use of Stainless Steel, it is seaside to have fine, sharp lines, 
which are easily read. Every tiny screw, rivet or nut, in 
this balance is of stainless steel. 


Beam Arrest 
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particularly valuable, for the novice may learn on this com- 
paratively rough-weighing scale that the damping device 
should be handled gently so as not to throw the beam and 
increase rather than decrease the oscillations. 


Covered Bearings 

The stainless steel cover is provided so that no materials can 
fall into the agate bearings which support the Cobalite 
knife edges. This feature will be particularly appreciated in 
the chemistry laboratory where so often balances of this 
type are ruined, and particularly those with ferrous knife- 
edges or bearings, by some of the salts falling on the knife- 
edges and into the bearings. 


Cobalite Knife-Edges 


The knife-edges are hard, corrosion-resistant Cobalite, a 
cobalt-chromium-tungsten alloy. Heretofore these were 
only found in “extra-cost,” high-grade analytical balances. 
In industrial applications, the remarkable performance of 
this hard, corrosion-resistant material is well known. 
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A‘ ARTICLE which appeared recently in one of our 
contemporary journals! brought up:a question 
of perennial interest: ‘Chemistry and Liberal Educa- 
tion.” While the author, Dr. B. D. Van Evera, of 
George Washington University, for the most part said 
the things which have been said many times, he never- 
the less said them very well and with well chosen em- 
phasis. 

The trouble with discussions about liberal education 
is that one can never be perfectly sure what the other 
fellow is talking about, or that he is talking about the 
same thing at any two different times. This is because 
of the various shades of meaning of the word ‘“‘liberal.’’ 

If anyone wants to take part in this discussion he had 
best begin with an investigation in Webster’s Un- 
abridged Dictionary. There he will find, of course, 
that ‘liberal’? comes from the Latin word for “free.” 
There are several ways of applying this meaning, how- 
ever. 

1. It refers to free birth, designating anything 
worthy of a man of noble extraction; therefore, gen- 
erous, bounteous, abundant. 

2. It signifies freedom from restraints and inhibi- 
tions; therefore, uncontrolled. 

3. It means not narrow or limited in conception; 
therefore, broad-minded. 

4. It implies freedom from authority and tradition; 
therefore, unorthodox. 

5. Inamore restricted (less “‘liberal’’) sense, and by 
a curious combination of items 1 and 3, it has by 
common agreement come to mean freedom from utili- 
tarian or base motives; and this seems to be its most 
frequent educational connotation. , 

At any rate, the impression obtained from the busiest 
exponents of “liberal education” is that of its contrast 
with ‘vocational education’”—although the issue is 
not always clearly joined here. The superior attitude 
which some of these people adopt toward those who 
want to learn how to make a living recalls that of the 
Roman patrician toward the Greek slave. If we take 


‘ 





1 Chemical and Engineering News, 26, 446 (1948). 
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our stand here the laboratory sciences will, of course, 
never have a place in “liberal education.” 

There is another possible use of the term, however, to 
denote a “liberating” education, or one which frees 
the human mind and spirit from socially inherited 
traditions and prejudices. But this is a sense in which 
it is seldom used, unfortunately; it might not be con- 
sistent with classical conceptions. 

Sometimes the discussion seems to imply merely the 
contrast between the “broad” and the ‘narrow.”’ 
If so, all qualitative difference disappears and every- 
thing depends upon the size of one’s units or yardstick. 

Dr. Van Evera himself changes from one definition 
to another in his argument (for which he has abundant 
precedent, to be sure), deploring, at one moment, the 
fact that the liberal arts college tries ‘in chemistry 
(to) train men to be chemists, in history to be historians, 
in economics, economists”; and, at another, “the at- 
titude of the faculty members outside of the sciences 
( ) that history itself is a broad field, economics is a 
broad field, sociology is a broad field, but chemistry, 
physics, and mathematics together constitute nothing 
more than a single street and two sidewalks which one 
can survey in its entirety by walking hastily down 
either one of the sidewalks or the street.”’ 

If we do not keep ‘‘on base” we can arrive at some 
curious contradictions. There is a common feeling 
that our professional curricula in chemistry (vocational, 
therefore not “‘liberal’’) will only lead to proper training 
if they are broad (i.e., ‘“‘liberal’’) in content—which is 
disgustingly similar to the logical paradox by which 
white is proven to be black! 

All such possible confusions of the issue (already too 
confused) do not detract from the fact, however, that 
Dr. Van Evera brings attention to some pertinent 
matters. 

This is not the first time (and we hope it will not be 
the last) that the essentially ‘‘liberalizing” effect of 
science education has been insisted upon. To be sure, 
we may not choose to go quite to the extreme that 
Dr. Van Evera does when he proclaims: ‘‘As I see it, 
the science major is the only real liberal arts major 

(Continued on page 186) 





In ruese pays when the lives of men like Pasteur and 
Ehrlich have been judged important and picturesque 
enough to be used as subjects for historical films, it is 
interesting to realize that Pasteur had an American 
contemporary who also triumphed notably with the aid 
of a microscope. Indeed when we compare the lives of 
Pasteur and Wormley we see many striking parallels. 
They were born four years apart and died within a year 
of each other. Neither came of wealthy parents but 
both received good educations. Both had artistic 
leanings, Pasteur toward drawing, Wormley toward 
music. Both went out of the chosen fields of their early 
scientific training to make their greatest contributions. 
Pasteur trained as a chemist but did his most famous 
work in bacteriology. Wormley, after preparing in 
medicine, turned to chemistry and especially to toxicol- 
ogy. Both became teachers in their middle twenties. 

During the Civil War, Wormley served his country 
on a relief commission. After the Franco-Prussian War 
of 1871, Pasteur worked for a greater France through 
the contributions of her scientists. Both men applied 
their knowledge to the practical problems of their com- 
munities. Both received many honors although Pas- 
teur’s came with greater difficulty. If, on the one hand, 
Pasteur’s work led to greater fame it was the result of a 
combination of circumstances; his public was more 
vitally affected by the new ideas about fermentation, 
silkworm, and cattle diseases than was Wormley’s 
public in the reasons for untimely death by poison. 
Pasteur also was more articulate about his work. 
Wormley, shy and retiring, was rarely known to talk 
about his scientific activities. 

Theodore George Wormley,!~‘ whose portrait is re- 
produced in the frontispiece, was born April 1, 1826, in 
Wormleysburg, Pennsylvania, of Dutch ancestors who 
had emigrated to America in 1753. In 1842 he entered 
the preparatory department of Dickinson College in 
Carlisle, Pennsylvania. After three years of collegiate 
study he began the study of medicine under a preceptor, 
Dr. John J. Meyers, with whom he spent two years. He 
was graduated from the Philadelphia College of Medi- 
cine in 1849 and practiced medicine for a year in Car- 
lisle, Pennsylvania, and Chillicothe, Ohio. In 1850 he 


1 ASHHURST, JOHN, JR., ‘“Transactions of College of Physi- 
cians,” Philadelphia, Nov. 3, 1897. 

2 “Tictionary of American Biography,” Vol. XX, p. 535. 

3“National Cyclopaedia of American Biography,” 
XIII, p. 104. 

4 Saitu, E. F., J. Am. Chem. Soc., 19, 275 (1897). 
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THEODORE GEORGE WORMLEY—FIRST 
AMERICAN MICROCHEMIST 1826-1897 


A Contemporary of Pasteur 


WILLIAM MARSHALL MacNEVIN 
The Ohio State University, Columbus, Ohio 


came to Columbus, Ohio, where he lived twenty-seven 
years. In 1877 he was called to the University of 
Pennsylvania where he remained until his death in 
1897. 

The origin of his interest in the microscope is not 
clear. In the course of toxicology which was part of his 
medical training the instrument was not used. He had 
become familiar with it, however, in his ordinary medi- 
cal studies. On coming to Columbus he made the ac- 
quaintance of William Sullivant® who had previously 
made a trip abroad to indulge his interest in the botani- 
cal microscope. Then, too, about 1850, a Dr. Richard 
Gundy was urged to come to Columbus from England to 
take up general practice and at the same time teach a 
course in microscopy at the newly established Starling 
Medical College. It was attended by many pro- 
fessional men and laymen and excited much interest 
and enthusiasm. Nevertheless, Gundy in two years 
gave up this effort and became a physician in The State 
Hospital for the Insane. In the meantime Wormley 
had become associated with the Sullivant group. His 
interest in natural science and chemistry led him to re- 
sist the attractions of a general practice, and in 1852 he 
became the first Professor of Natural Science at Capital 
University in Columbus. In 1854 he was also ap- 
pointed to the chair of chemistry and toxicology at the 
Starling Medical College. At both institutions he had 
laboratory facilities and spent most of his spare time in 
testing recommended methods for chemical analysis. 
His emphasis on laboratory work was important for it 
is said that his lectures would have been dull had it not 
been for the many well-conducted lecture demonstra- 
tions. 

During the period from 1852 to 1854 he was “In- 
structor of Chemistry, etc.,”’ at the Esther Institute,’ 
in Columbus, a seminary for young ladies. It was here 
he met Anna E. Gill whom he later married. Wormley 
was also state gas commissioner of Ohio, 1867-75, chem- 
ist of the state geological survey, 1869-74, and Editor 
of the Ohio Medical and Surgical Journal, 1862-64. 
During his later years he received many honorary de- 
grees from American universities. He was a member of 
many scientific societies both here and abroad. Among 
the offices held was the vice-presidency of the American 
Chemical Society. He was also vice-president of the 





5 Hows, Henry, “Historical Collections of Ohio,” 1908, Vol. 


I, p. 657. 
® Catalogue of Esther Institute, 1854. 
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Centennial of Chemistry held in Northumberland, 
Pennsylvania, in 1874. His contributions to scientific 
periodicals number nineteen titles, listed in a biographi- 
cal sketch of Wormley by Edgar Fahs Smith.‘ 

At the time of his appointment to the chair of toxicol- 
ogy the methods of analysis in general use were largely 
macrochemical. A text by Professor Otto existed 
which was largely a series of macrochemical tests and 
lacked the authority of experience which Wormley was 
later to give the subject. Various publications, among 
them the Quarterly Journal of Microscopy, carried the 
results of researches of those interested in the field. 
Wormley was completely familiar with this literature 
and was continually checking its reliability. 

After a few years of experience, which, aside from 
teaching, included a good deal of independent research 
on microscopic methods and some experience in the legal 
aspects of his subject, he arrived at a point where he 
felt he should assemble his information. In March, 
1861, he published a prospectus. His work was in- 
terrupted by the civil struggle of 1861-65 but, following 
his release from army duty, he published in 1867 his 
textbook, “The Microchemistry of Poisons.” The 
title page of a copy now in the possession of the writer 
is reproduced here. It carries a notation believed to be 
in the handwriting of Wormley which indicates this 
copy was a gift of Wormley and Mrs. Wormley to her 
parents, “Mr. and Mrs. Jno L. Gill, with the affection- 
ate regards of the Authors.’”’ A second edition, with 
additional illustrations by Mrs. Wormley and their 
daughter, Mrs. John Marshall, of Philadelphia, was 
published by J. B. Lippincott in 1885. Both editions 
came to be widely used as references in medico-legal 
cases. 

The book clearly indicates the qualities of the man as 
a chemical investigator. It is an elaborate chemical 
and microscopic analysis of the nature and operation of 
many different poisons in their relation to animal life. 
It is the result of years of patient experimenting at the 


‘cost of the lives of some two thousand cats and dogs of 


the city of Columbus, whose blood and stomach con- 
tents were analyzed to determine the exact appearance 
of the poison crystals after producing death. The book 
includes tests for fifteen of the common inorganic 
poisons and eighteen organic poisons, most of them 
alkaloids. These were the poisons he had to deal with 
in his work as professional toxicologist in the Columbus 
area. 

Throughout the course of his experiments he was 
assisted by his wife, who with remarkable accuracy and 
delicacy made drawings of the crystalline forms. This 
was the more difficult owing to the volatility of the 
forms. Since only one or two engravers in the country 
had sufficient skill to reproduce the drawings, and the 
expense would have been prohibitive, Mrs. Wormley 
learned the art and did the engraving herself. In less 
than a year she finished the etching of thirteen plates, 
containing in all seventy-eight figures. They have been 
pronounced by competent judges the finest set of micro- 
scopic plates ever produced in America or Europe. 
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Figure 1. Microchemistry of Poisons’’ 


Four of the thirteen plates are shown here. The deli- 
cate touches of Mrs. Wormley as a scientific artist defy 
criticism even under the scrutiny of the microscope. 

The appendix also contains an elaborate table show- 
ing the reactions of the fourteen known alkaloids with 
all of the common reagents. Limits are expressed pre- 
cisely and the solubility of each alkaloid in several sol- 
vents is stated quantitatively. ‘ 

Wormley’s microscope was a simple one by our 
standards but did carry polarizing equipment and a 
micrometer eyepiece. Magnification was up to 250 
times. After he left Columbus in 1878 his instrument 
remained in possession of the Starling Medical College 
and became later the property of The Ohio State Univer- 
sity. 

Wormley seems to have been the first to apply micro- 
chemical methods to chemical analysis in America. 
In the preface of his book Wormley says, ‘Heretofore 
the microscope has received but little attention as an 
aid to chemical investigations, yet it is destined to very 
greatly extend our knowledge... .”’ 

Wormley’s contributions to microchemsitry were far 
ahead of his time. If anyone has the idea that only in 
recent years have we become precision-minded and 
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Figure 2. Plate IV, ‘‘Microch istry of Poi .’ T. G. Wormley. 
1. 1/10,000 Grain Hydrocyanic Acid Vapor + Nitrate of Silver, X 225 
Diameters. 2. 1 /500,000 Grain Hydrocyanic Acid Vapor + Nitrate of 
Silver, X 125 Diameters. 3. '!/1990 Grain Phosphoric Acid + 
Ammonio-sulfate of Magnesia, X 80 Diameters. 4. Tartar Emetic, 
from Hot Supersaturated Solution, X 40 Diameters. 5. Arsenious 
Acid, Sublimed, X 125 Diameters. 6. !/1090 Grain Arsenious Acid + 
Ammonio-nitrate of Silver, X 75 Diameters. 


aware of chemical asepsis, let him consider some of the 
recommendations regarding general procedure given in 
the book. Reagents were much more of a problem than 
now and had to be constantly checked and rechecked 
for impurities. For example, sheet copper used in the 
test for arsenic always had arsenic as an impurity. In 
fact, most common reagents were usually contaminated. 

His appreciation of the significance of chemical and 
microscopic tests would do credit to a present-day in- 
vestigator (page 52): ‘The result of a chemical exami- 
nation will depend, at least in a great measure, upon 
how far we are acquainted with the reactions peculiar to 
the substance under consideration; the delicacy of 
these reactions; and in many instances, our ability to 
separate the substance from foreign matter.... For 
the recognition of many poisons, we are at present 
familiar with several tests, the reaction of each of which 
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is characteristic of the substance; while for the de- 
tection of others we are acquainted with only one such 
reaction; there are others still, for which we have no 
specific reagent, but whose presence can be fully estab- 
lished by the concurrent result of*several tests; lastly 
there are some organic poisons for the detection of which 
at present, there is not even known any combination of 
chemical reactions by which they can be detected.” 

He recognized the difference between a test carried 
out with pure reagents and one performed in the pres- 
ence of foreign matter (pages 52, 53): ‘“...Among the 
poisons that can be readily detected when in their pure 
state, there are some which when present, even in quite 
notable quantity, in complex organic mixtures, adhere 
so tenaciously to the foreign organic matter, that it is 
difficult or impossible to separate them in a state suffi- 
ciently pure te determine their presence... Thus, at 
present we can recognize by chemical means, when in its 
pure state, the presence of the 10,000th part of a grain, 


Figure 3. Plate V, ‘‘Microchemistry of Poi ”’T.G. Wormley. 1. 
1/19 Grain Arsenic Acid + Ammonio-sulfate of Magnesia, X 75 Di- 
ameters. 2. Corrosive Sublimate, Sublimed, X 40 Diameters. 3. 
1/39) Grain Lead + Diluted Sulfuric Acid, X 80 Diameters. 4. 1/1 
Grain Lead + Diluted Hydrochloric Acid, X 80 Diameters. 6. 1/0 
Grain Zinc + Oxalic Acid, X 80 Diameters. 
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and in some instances even less, of either arsenic, mer- 
cury, strychnine, hydrocyanic acid, or atropine, with 
absolute certainty. It does not, however, follow, that 
quantities as small as these when present in complex 
mixtures can be recovered and their nature then estab- 
lished. It is a popular idea, and indeed a very fair in- 
ference from the statements of some writers, that the 
quantity of a substance that can be recognized by chemi- 
cal means in its pure state, represents that which can be 
detected under all circumstances. But this is a great 
error, since the quantity that can thus be recognized 
and the amount necessary to be present in a complex 
mixture to enable us to separate that quantity, may 
differ many hundreds and even thousands of times: 
the difference usually being in proportion to the com- 
plexity of the mixture.” 

He pointed out the peculiar value and limitations of 





Figure4. Plate X, ‘‘Microchemistry of Poisons,’’ T. G. Wormley. ‘1. 
300 Grain Strychnine + Potash or Ammonia, X 40 Diameters. 2. 
/i00 Grain Strychnine + Sulfocyanide of Potassium, < 40 Diameters. 
1/509 Grain Strychnine + Bichromate of Potash, X 40 Diaméters. 
1/9500 Grain Strychnine + Bichromate of Potash, X 80 Diameters. 
1/1900 Grain Strychnine + Chloride of Gold, X 40 Diameters. 6. 
/100 Grain Strychnine + Bichloride of Platinum, X 40 Diameters. 


— 
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Figure 5. Plate XIII. 
ley. 1. 
1/19 Grain Atropine + Chloride of Gold, X 80 Diameters. 3. 
Grain Veratrine + Chloride of Gold, X 40 Diameters. 4. 


‘*Microchemistry of Poisons,’’ T. G. Worm- 
1/19) Grain Atropine + Carbazotic Acid, X 80 Diameters. 2. 
1/100 
1/190 Grain 
Veratrine + Bromine in Bromohydric Acid, X 80 Diameters. 5. 


Solanine, from Alcoholic Solution, X 80 Diameters. 6. 1/19) Grain 
Solanine, as Sulfate on Spontaneous Evaporation, X 80 Diameters. 


crystal reactions observed under the microscope 
(page 54): “The true nature of a reaction that is 
common to several substances, can in some instances 
be readily determined by means of the microscope. 
Thus a solution of nitrate of silver, when exposed to 
several different vapors, becomes covered with a white 
film; but hydrocyanic acid is the only one in the 
action of which the film is crystalline, and this is 
characteristic even with the reaction of the 100,000th 
part of a grain of the acid. A substance may yield a 
peculiar crystalline precipitate at one degree of dilu- 
tion, while at another, the precipitate*may not be 
characteristic. . . .”’ 

He emphasized the need for confirmatory reactions 
(page 55): ‘So also, the true nature of a reaction, may 
in some instances be determined by submitting the 
result to a subsequent test. A slip of clean copper 
boiled in hydrochloric acid solution of either arsenic, 
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mercury, antimony, or of several other metals becomes 
coated with the metal; but when the coated copper is 
heated in a reduction tube, arsenic is the only substance 
that will yield a sublimate of octahedral crystals, and 
mercury the only one that will furnish metallic globules. 
... Yet, for medico-legal purposes, it is always best, if 
sufficient material be at hand, to confirm the results by 
several tests, and when practicable, show the presence 
of the poison by two or more independent methods.” 

In the preface to his text he states that, “Among the 
more prominent objects of the present volume are to 
indicate the limit of the reactions.” Not only does he 
do this but he defines very clearly a method of express- 
ing limits which removes ambiguity. Previously, 
limits had been defined carelessly. For example, one 
observer of the test for arsenic gave the limits in terms 
of dilution as 1:80,000, whereas another gave it as 
1:1,200,000. Wormley’s examination of the experi- 
mental records showed that both observers failed to 
record the amount of solution taken. He also empha- 
sized the necessity for standardization of apparatus. 
Although Wormley made a strong plea for complete- 
ness of information on limits, it must be admitted that, 
with the exception of such men as Fritz Feigl, many 
microchemists today still fail to take this point into 
account and ambiguity is often present. 

Wormley tried out with his own hands all tests for 
poisons reported in the literature of his time. He 
determined the sensitivity or limit of the reaction, 
which he states clearly in each example. In this re- 
spect he added to information already available by 
establishing new and definite limits for the reactions 
he studied. It is very difficult to tell from the text, 
perhaps because of the modesty of the man where his 
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own contribution begins. He does, however, give 
credit in frequent references to many of his sources of 
information. 

He determined the limits of chemical tests for poisons 
under as nearly actual conditions as possible. He was 
well aware that crystal reactions were sensitive to the 
presence of impurities, particularly those organic ones 
which would be present in search for a poison. Hence, 
the sad fate of the stray cats and dogs of Columbus. 

He also gave much attention to what he called the 
“fallacies” of each test. By this word he meant what 
we now call “interference.” His treatment of inter- 
ference was thorough and resulted in producing a 
specific test for each of the thirty-one tests described, 
with the exception of that for the alkaloid, aconitine. 
In this case, he had to depend upon a physiological test 
in which some person acting as a guinea pig would put 
a drop of the suspected solution on his tongue and 
record any loss of feeling during the next couple of 
hours. 

Many of the tests described by Wormley are still in 
use today. The book, and especially the collection of 
plates, was long used as a medico-legal reference in all 
parts of the world. As records of reactions, the plates, 
hand drawn and steel engraved by Mrs. Wormley, 
are not excelled today even by the best photographic 
means. Modern textbooks on toxicology owe much 
to the thoroughness of Wormley’s work. None of the 
tests has ever been found faulty. Wormley also pointed 
the way for microchemists, who found in his book a 
source of inspiration and a lasting example of how 
thorough one must be in the use and interpretation of 
microscopic tests. 


EDITOR’S OUTLOOK 


(Continued from page 181) 


in the older sense in the average arts college.” Per- 
sonally, I do not want to push all the other fledglings 
out of the nest, but I do think that we have a rightful, 
well-feathered spot there ourselves. 

Going back again to the Unabridged, we find that 
we can take our cue from Webster himself. While 
the “liberal arts” originally included those higher arts 
which, among the Romans, could only be practised by 
free men, the later Medieval usage designated them 
specifically as grammar, logic, rhetoric, arithmetic, 
geometry, music, and astronomy; and finally in modern 
times they have been expanded to include the sciences 
and history. . This should definitely put us among the 
elect and make unnecessary such a redundant expression 
as “the sciences and liberal arts.” 

Nevertheless, we should recognize that in order to 
establish a valid claim to breadth of view, or liberality, 
or whatever you want to call it, we have a responsibility 
to fulfill. 


I think we all realize that our science courses (and 
chemistry is not the only one to be singled out) have 
not always been as broad and liberalizing as Dr. 
Van Evera would like his readers to suppose. They 
can be, yes; but have been, not always. 

Unfortunately, this is not an easy difficulty to resolve; 
if so, it would have been done long ago. 
should be the content—and the method—of a “liberal” 
course in chemistry? It is probably more difficult to 
answer this question than to decide on the content 
and method of a course for- professional chemists. 
Almost anything is defensible in the latter, for the chem- 
ist must eventually know it all (well, a lot of it, anyway) 
and it is a question of expediency where he starts. 

. However, plenty of talent is being directed to the 
problem—a considerable step towards its solution. 
For at one time this question was thought scarcely 
worthy of the best brains in our profession. It is 
encouraging to see the change in this attitude. 
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Chemical Education in American Institutions 











As srarep in its charter, granted by the Common- 
wealth in 1861, the Massachusetts Institute of Tech- 
nology was established for the purpose of “aiding 
generally by suitable means the advancement, develop- 
ment, and practical applications of science in con- 
nection with arts, agriculture, manufactures and com- 


merce.” The three undergraduate schodls_ which 
compose the Institute reflect the emph4sis on science 
stated in the charter: The School of Science, School 
of Engineering, and School of Architecture and City 
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Planning. A Division of Humanities completes the 
administrative organization of the twenty-three under- 
graduate departments, and a Graduate School unites 


i the twenty departments in which advanced work is 


offered leading to the Doctor’s and Master’s degrees. 
UNDERGRADUATE CURRICULA 


The common interest of the M. I. T. student body in 
pure and applied science has led to the adoption of a 
uniform freshman curriculum. Each student regis- 


7 ters for general chemistry, physics, calculus, and 





English throughout his freshman year. One semester 
each of engineering drawing and descriptive geometry 
and registration for military science completes the 
curriculum. During the second semester a guidance 
program is offered through which students receive in- 
formation concerning curricula and opportunities 


provided by the Institute’s twenty courses of study. 
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At the end of the freshman year students elect one of 
these courses as their major field. Chemistry is des- 
ignated as Course V; Chemical Engineering, Course 
X, falls within the separate department of Chemical 
Engineering. 

Mathematics, physics, and history are required in 
the curricula of all second-year students, along with 
either chemistry or applied mechanics, and introduc- 
tory professional subjects corresponding to the course 
of study which the student has elected. Current dis- 
tribution of students between the courses at the In- 
stitute results in registration of approximately one- 
half of the second-year students (350-450) in qualita- 
tive and quantitative analysis, and roughly one-third 
of the juniors (250-300) in third year organic and physi- 
cal chemistry. Senior courses offered by the Depart- 
ment of chemistry are directed primarily toward the 
group of chemistry majors, which at present is re- 
stricted to a number not to exceed seventy in each of 
the three upper undergraduate years. 

The uniform first-year curriculum and subsequent 
registration of chemistry majors in second-year chemis- 
try, physics, and mathematics as sophomores furnish 
the department with the somewhat unusual opportu- 
nity of presenting both organic and physical chemistry 
to its majors as juniors. This makes it possible for 
the senior year to include advanced work in organic, 
physical, analytical, and inorganic chemistry, and an 
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Second Year Analytical Chemistry Laboratory 


experimental thesis which may be done in any field of 
chemistry, or in a field to which chemistry may be 
applied, such as biology, ceramics, chemical engineer- 
ing, food technology, metallurgy, physics, or textiles. 
CURRICULUM FOR CHEMISTRY MAJORS 


Chemistry Department courses, both undergraduate 


and graduate, are focused on basic principles of theory . 


and practice, rather than specialized segments of the 
fields concerned. Most of the courses in the depart- 
ment employ the problem method of teaching where 
possible, emphasizing in this way the importance of 
learning to use principles rather than simply remem- 
bering them. 


First Year 


The recently revised course in general chemistry 
consists of two lectures illustrated by many experi- 
mental demonstrations, two recitations and one three- 
bour laboratory period each week. Lectures are given 
to groups of approximately one hundred and fifty stu- 
dents by a member of the senior staff, who retains 
the lecture section throughout the semester. Recita- 
tion and laboratory sections are composed of 
groups of about twenty-five students. The course is de- 


signed to give a general introduction to the field of’ 


chemistry, embracing the elements of physical, in- 
organic, organic, and analytical! chemistry. Each 
topic is discussed in sufficient detail so that the 
student who does not study chemistry further is 
introduced to the vocabulary and general methods of 
chemistry, while the student who takes more advanced 
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courses is given a solid 
foundation of principles 
and facts. The first term 
is concerned largely with a 
study of general principles 
which are useful in cor- 
relating the properties of 
chemical substances. In 
the second term, the 
principles studied earlier 
are used to coordinate and 
correlate the properties 
and reactions of the com- 
mon nonmetals and 
metals. The elements of 
structural chemistry, par- 
ticularly the chemistry of 
silicon and carbon, and 
consideration of some 
topics in the field of radio- 
chemistry complete the 
term’s work. Throughout 
both terms emphasis is 
placed on the writing of 
the equation of the main 
reaction occurring in a 
given system as deter- 
mined by rate and equilib- 
rium considerations. The effect of equilibrium on the 
yield of a chemical reaction is treated quantitatively. 

The laboratory work in the first term is closely 
correlated with the lectures and recitations, while in 
the second term the experiments are concerned with 
the reactions of the ions of the elements in various 
states of oxidation and the development of a scheme of 
qualitative analysis for the more common anions and 
cations. 


Second Year 


One semester of qualitative analysis and two se- 
mesters of quantitative analysis comprise the second- 
year chemistry courses. Lectures and recitations in 
the qualitative part of the course emphasize princip‘es 
underlying the analytical scheme and the chemical re- 
actions involved. Particular attention is devoted 
to applications of the law of mass action. The course 
develops and systematizes the chemistry of the metals 
and anions first presented in general chemistry, and 
prepares the students for work in quantitative analysis. 

The three class exercises held each week in the quan- 
titative analysis courses are concerned with chemical 
principles involved in analytical methods and _ the 
mathematical problems which they present. In the 
laboratory, a variety of volumetric and gravimetric 
determinations are performed to give the student 
experience in the application of basic analytical 
techniques. 


Third Year 


Organic chemistry is presented in three lectures, one 
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recitation, and nine hours of laboratory each week 
throughout the year. The first semester course is 
devoted to a survey of the field, including principles 
and consideration of important classes of acyclic, iso- 
cyclic, and heterocyclic compounds. The laboratory 
work consists of syntheses chosen to illustrate the 
methods of organic chemistry, and the chemical be- 
havior of the simple functional groups. In the second 
semester the field is resurveyed from a more advanced 
viewpoint. - Discussion of reactions of polyfunctional 
compounds and amplification and extension of theories 
and methods introduced in the first semester are in- 
cluded. A large part of the second semester laboratory 
course is devoted to the identification of organic com- 
pounds. A number of unknowns are identified by 
each student through a study of their chemical prop- 
erties and reactions, which acquire added significance 
to him in the process. A limited number of synthetic 
experiments which illustrate the techniques commonly 
employed in organic prepa- 
rations and research also 
are included. 

Physical chemistry is 
taken by the juniors in four 
class hours and four hours 
of laboratory each week 
during the year. Physical 
chemical principles are cov- 
ered in the thorough man- 
ner which is possible when 
each student has had two 
years of chemistry, physics, 
and mathematics including 
calculus and differential 
equations as background. 
Early in the course, the 
first and second laws of 
thermodynamics are pre- 
sented in some detail, and 
the elementary _ kinetic 
theory of matter is de- 
veloped. These principles 
are constantly applied in 
the subsequent study of 
various physical chemical 
phenomena: in the first 
semester, thermochemistry, 
properties of gases and 
liquids, laws of solutions, and electrolytic conduction; 
in the second semester, chemical equilibrium, phase 
equilibrium, chemical kinetics, and galvanic cells. The 
year ends with a recapitulation of chemical thermody- 
namics and a brief study of the third law. 


Fourth Year 


Chemistry Department majors do course work as 
seniors in each of the major fields (inorganic and 
analytical, organic, and physical chemistry), and an 
experimental thesis in a field of their own selection. 
Entering graduate students may elect senior courses 
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which will present material new to them or for review. 

Inorganic and Analytical Chemistry. In two lectures 
each week throughout the year the properties of the 
elements and their compounds are discussed. The 
facts presented are systematized as far as possible with 
the aid of applicable generalizations. A survey is 
made of the more important modern theoretical de- 
velopments in the field, especially structural aspects 
of inorganic chemistry. In the first term, considerable 
time is devoted to the electronic structure of the 
atoms and to the various types of bonds between 
atoms. The coordination theory of complex compounds 
is discussed rather fully, as well as the broader aspects 
of modern theories concerning the metallic state. In 
the second term a systematic study is made of the. 
interactions of inorganic substances, classified for con- 
venience as metals, nonmetals, acids, bases, and salts, 
with emphasis on the underlying generalizations which 
assist in correlating the large mass of data. 





Third Year Organic Chemistry Laboratory 


An elective semester course in instrumental analysis 
is offered to interested seniors and graduate students. 
The subject matter concerns the theory and use of 
modern optical and electrical instruments in the solu- 
tion of chemical problems. Instruments which are 


used include the spectrophotometer, flame photometer, 
polarimeter, colorimeter, polarograph, potentiometer, 
recording potentiometer, conductance bridge, and Geiger 
counter. 

Organic Chemistry. Seniors register for one course 
in organic chemistry meeting twice weekly throughout 
The first semester subject is theo- 


the senior year. 
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retical organic chemistry, and consists of an introduc- 
tion to interpretation of reactivity, reaction mechanisms 
and molecular structure of organic compounds. Ap- 
plications of theories of electronic structure, resonance, 
acids and bases, steric hindrance and stereochemistry 
are discussed, with emphasis on recent developments. 
The second semester subject is synthetic organic 
chemistry. General synthetic methods are discussed 
and evaluated, and attention is also given to the isola- 
tion and characterization of products of biological 
significance (antibiotics, sterols, and alkaloids). 

An elective semester course is offered in quantitative 
organic analysis, in which the student learns the micro- 
techniques and applies them to gravimetric or titri- 
metric determination of carbon, hydrogen, nitrogen, 
halogens, sulfur, phosphorus, and certain functional 
groups. The analytical work of the students is done 
in the Department’s newly equipped, air-conditioned 
microanalytical laboratory under the supervision of 
an experienced microanalyst. 

Physical Chemistry. Seniors register for two of 
three semester courses; the third may also be taken as 
an elective. All are lecture courses meeting two hours 
sach week. : 

(1) Atomic and Molecular Structure. Subjects in- 
clude: the use of spectroscopic methods to deter- 
mine the structure of atoms and molecules; elementary 
theory of atomic spectra; atomic structure and the 
periodic table; the theory of molecular spectra; the 
technique of chemical spectroscopy; analysis for 
chemical elements by emission spectra; the use of in- 
frared and Raman spectra in chemical analysis and in 





Student Organic Microanalytical Laboratory 
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Physical Chemistry Research Laboratory: Molecular Beam Apparatus 


the determination of the structure of organic compounds; 
the ultraviolet absorption of molecules and their elec- 
tronic structure; the calculation of thermodynamic 
properties of molecules from spectroscopic data. 

(2) Kinetics of Chemical Reactions. This course 
consists of an introduction to the kinetic theory of 
gases with special emphasis on the calculation of col- 
lision frequencies, and consideration of theoretical 
and experimental aspects of the kinetics of homogene- 
ous and heterogeneous reactions in gaseous and liquid 
systems. 

(3) Surface and Colloid Chemistry. Subjects in this 
; course include: the struc- 
ture of surfaces; surface 
and interfacial tensions, 
including solid-fluid inter- 
faces; adsorption, and 
measurements of surface 
area; rates of heterogene- 
ous reactions;  electro- 
kinetic effects; types of 
colloids, and methods for 
preparation and _ purifica- 
tion; methods for study- 
ing size, shape, and struc- 
ture of the colloidal par- 
ticle; natural and syn- 
thetic colloidal systems. 


Senior Thesis 


Each chemistry major 
devotes about one-third of 
his senior year to experi- 
mental research leading to 
a senior thesis. At the 
beginning of the year each 
student selects a_ thesis 
problem in which he is in- 
terested after consultation 
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with members of the staff. 
The senior thesis provides 


an introduction to re- 
search, and an opportunity 
for each student to dem- 
onstrate his aptitude for 
creative work in chemistry. 
Abilities which the stu- 
dents display in their 
senior thesis work often 
indicate the type of em- 
ployment which they can 
undertake to best advan- 
tage after graduation. 
Seniors who are interested 
in continuing study for an 
advanced degree, and 
whose theses are of high 
caliber, are encouraged to 
undertake graduate work 
at the university of their 
choice. Students who 
enter industry directly - 
after receiving the Bache- 
lor’s degree are better 
qualified because of their 
senior thesis experience to 
undertake experimental 
work in industrial laboratories. 








The Humanities and Languages 


Chemistry Department majors are required to take 
one year of a modern language as sophomores. German 
is required except for students credited with elementary 
and intermediate German on entrance who take 
French. 

The Institute has developed a four-year program in 
English, the humanities, and social sciences, which is 
administered by the Division of Humanities. The 
program was adopted in recognition of the fact that 
ability in written and oral expression, a knowledge of 
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Organic Microanalytical Laboratory Which Furnishes Analytical Service for Departmental Research. 


modern history and economics, and an appreciation 
of the arts rank equally in importance with the de- 
velopment of professional competence, as objectives 
of the undergraduate program. The four-year pro- 
gram, designed particularly for the Institute’s group 
of science and engineering students, is the following: 

First Year: English 

Second Year: Modern history; the place of the United States in 
world affairs. 

Third Year: First semester, Economic Principles; second 
semester, option of Industrial Economics, Labor Relations, 
or Introductory Psychology. 

Fourth Year: One of four options in each semester in the fields 
of Fine Arts, Music, Philosophy, Sociology, Literature, Inter- 

national Relations. 


Elective Program 


’ 

The curriculum for chemistry majors allows one- 
fourth of the student’s time for elective subjects in 
the junior and senior years. Students with a high 
academic rating may register for additional elective 
subjects by carrying an overload. The electives 
chosen vary as widely as the student’s interests. 
Those who intend to do graduate work are advised to 
acquire a reading knowledge of both German and 
French, through added work in the Department. of 
Modern Languages, if necessary. A number of stu- 
dents also elect to take Russian. Most students 
register for additional work in other science depart- 
ments, or for beginning professional courses in fields 
of engineering related to chemistry. Common elec- 
tives of this type include physics, mathematics, biology, 
chemical engineering, business and engineering ad- 
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ministration, geology, metallurgy, special graduate 
courses in the fields of ceramics and textiles, and 
graduate courses in chemistry. Still other students 
add to their liberal arts education by registering 
for electives in the Division of Humanities. 

Chemistry majors have sufficient elective time to 
obtain professional courses equivalent to the first 
three years of work in one of the other courses listed 
above, if they wish to devote all of their elective time 
to a single field. 


Extracurricular Activities 


The Institute provides many opportunities for 
students to participate in athletic, literary, dramatic, 
and social activities. These enterprises are adminis- 
tered by the students, and in an informal way provide 
both a pleasant relaxation and a contribution to the 
cultural objectives of the Institute’s program. 


GRADUATE WORK 


Currently there are approximately one hundred and 
thirty doctoral candidates and a total of one hundred 
and forty graduate students in the M. I. T. Chemistry 
Department. Graduates of seventy different uni- 
versities and colleges are included in the group. The 
objective of the department is to administer a flexible 
graduate program which will meet the needs of this 
very diverse group. Primary aims of the program are 
the encouragement of independent scholarship, initia- 
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tive, originality, critical judgment, and the develop- 
ment of skill in research. The department also has 
the responsibility of insuring that its candidates for 
advanced degrees have a broad background in each 
of the major branches of chemistry, and extensive 
knowledge of the theories, facts, and experimental 
methods of their field of specialization. 

Graduate students on entrance are encouraged to 
register for an advanced course in each of the major 
fields of chemistry. Most students include in their 
first term program theoretical organic chemistry, 
advanced inorganic chemistry, and thermodynamics. 
These courses are not required, but they provide excel- 
lent preparation for the qualifying examination cover- 
ing the fields of inorganic and analytical chemistry, 
organic chemistry, and physical chemistry, which is 
taken by all doctoral candidates at some time prior to 
their third term of graduate registration. The plan 
of requiring a qualifying examination has the advantage 





Physical Chemistry Research Laboratory: Compressibility and Criti- 
cal Constants of Gases. 


of insuring that students have an adequate background 
in each of the fields of chemistry without imposing 
rigid course requirements. 

After one or two semesters of graduate study, ac- 
cording to his progress, each student is encouraged to 
elect a major fie'd of specialization (inorganic and 
analytical, organic or physical chemistry), and _ to 
select a research problem and research supervisor after 
consultation with members of the staff. Although the 
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optimum time for stu- 
dents to begin research 
varies according to their 
preparation and individual 
preference, an early begin- 
ning is generally advan- 
tageous. An interest ina 
specific research problem 
adds point to the students’ 
work in courses and to 
their interest in seminars 
and the original literature. 
Research leading to a 
thesis is the largest single 
task which the graduate 
students must accomplish, 
and usually is the most 
important single factor in 
preparing them for post- 
doctoral employment. 
Considerable time is re- 
quired for students to 
achieve some degree of 
maturity in research, as 
well as to compile suffici- 
ently extensive and signifi- 
cant original contributions 
to the science to constitute satisfactory theses. For 
these reasons the sooner the process is started the 
better, for most students. 

Many kinds of research are in progress in the depart- 
ment. Consequently graduate students have wide 
latitude in choosing research problems which appeal 
to their interests. A partial list of fields of research 
being investigated currently follows: 


Inorganic and Analytical Chemistry 
Chemistry of the less familiar metallic and nonmetallic 
elements 
Instrumental Analysis, both inorganic and organic 
Polarography 
Complex ions in solution 
Radioactive tracer methods in Analytical Chemistry 
Nuclear chemistry, including: 
Preparation and identification of the radio-elements 
Chemistry of general and specific methods for the separation 
of radioactive materials 
Reactions of substances at very low concentration 
Application of radioactive techniques to general chemical 
problems 


Organic Chemistry 
Carbohydrates 
Identification and analytical methods 
Organic peroxides 
Heterocyclic compounds 
Organometallic compounds 
Amino acids 
Synthetic alkaloids 
Polymerization 
Reactions of active methylene compounds 
Cyclic polyolefins Mt 
Reaction mechanisms 
Synthetic methods 
Small ring compounds 
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Tracer studies 

Relation of structure to reactivity 

Vitamins and other natural products 

Physiologically active compounds 
Physical Chemistry 

Pressure-volume-temperature relations of gases and liquids 

The absolute temperature scale 

Molecular weights of gases by limiting densities 

Heat capacities and latent heats at low temperatures 

Properties of gases at low pressures 

Scattering and other properties of molecular beams 

Electromotive force in concentration cells, and oxidation- 

reduction potentials 

Freezing points of liquid solutions 

Vapor pressures of liquid solutions 

Infrared, ultraviolet, and Raman spectroscopy 

Precision photometry 

Kinetics of thermal and photochemical reactions 

Properties of high polymers 

Properties of protein solutions + 

Doctoral candidates who have completed the qualify- 
ing examination are expected to register for a program 
of research, graduate courses and seminars, and 
through these activities and independent study to 
acquire an extensive knowledge of their major field of 
chemistry. Some of the chemistry courses which may 
be taken for graduate credit are listed below. Brief 
descriptions of their content may be found in the 
Institute catalog. Students are expected to consult 
with a faculty adviser and select programs of courses 
which will best serve to broaden and deepen their 
knowledge of their major field. 
Inorganic and Analytical Chemistry 


Advanced inorganic chemistry (two semesters) 
Advanced inorgenic laboratory 








Physical Chemistry Research Laboratory for Low Temperature 
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Instrumental analysis 
Radiochemistry 


Organic Chemistry 
Theoretical organic chemistry 
Synthetic organic chemistry 
Quantitative organic microanalysis 
Advanced organic chemistry (four semesters): 
mechanisms; identification; physical 


synthesis; 


Physical Chemistry 

Thermodynamics I, II, and III 

Atomic and molecular structure and spectra 

Spectra of polyatomic molecules 

Surface and colloid chemistry 

Kinetics of chemical reactions 

Kinetic theory of gases 

Statistical mechanics 

Physical chemistry .of high polymers 

Seminars cover current literature and special topics 
in all three fields. 

Whenever doctoral candidates feel prepared to do 
so, and have completed the qualifying examination, 
they may take the “major’’ examination in their field 
of specialization. The remaining requirement in 
chemistry for the doctorate is completion of a doctoral 
thesis and an oral examination covering the thesis and 
its field. Other requirements include a minor, which 
consists of a program of courses equivalent to approxi- 


mately one-half term of registration in a subject outside 


of the field of specialization, ordinarily in a depart- 
ment other than chemistry, and demonstration of a 
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reading knowledge of German and either French or 
Russian. 

Requirements for the Master of Science degree in- 
clude two full terms of graduate work consisting of a 
program of courses, research leading to the M.S. 
thesis, and completion of elementary courses in German 
and French, or the equivalent. More than two semes- 
ters of residence may be required for students who 
have not had extensive undergraduate preparation in 
the fields of chemistry, physics, and mathematics. 

In any description of requirements for graduate 
degrees, the program of examinations, courses, minor 
and languages seems to be disproportionately large 
compared to research, which in reality is the heart of 
every graduate program. Graduate courses are not 
an end in themselves; they only provide a means of 
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acquiring a background of knowledge required for 
mature consideration of chemical problems. Likewise 
the examinations are not ultimate objectives. They 
serve only to uphold the standards of the Institute’s 
doctoral degree in chemistry by providing objective 
tests of the students’ abilities. Obviously the lan- 
guages are tools, which are of value only when used. 
The encouragement of originality and-initiative; the 
stimulation of an interest in chemistry deep enough so 
that the student will continue to read the current 
literature of his chosen field and contribute to the 
(Continued on page 228) 
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es AN INFORMATION SERVICE USING BOTH HAND 
AND MACHINE SORTED CARDS' 


Tue Tecuntcat Information Service described in this 
paper is of more recent origin than those discussed at 
the Atlantic City Symposium last April. Because of 
this fact it was both necessary and opportune to experi- 
ment with the use of mechanical aids, such as Keysort 
and Hollerith type cards, in maintaining literature 
reference files. 

In 1945 the staff comprised a librarian and one tech- 
nically trained person to conduct literature surveys and 
abstract patents and to perform miscellaneous library 
duties. In May of 1946 another technical member was 
added to the staff to form the nucleus of the present 
Technical Information Service Group. At that time 
we began an additional service of listing the patents and 
articles of general interest in the form of weekly publica- 
tions. Shortly after the increase in the staff, it became 
apparent that a general reference file, well classified and 
thoroughly cross indexed, was necessary to alleviate the 
ever-increasing demand for information. But how 
could such a file be created and maintained by only two 
technically trained persons? Keysort cards,? plus an 
arrangement in which the majority of the detailed 
classification and punching was done by the research 
staff, gave us a promising solution. 

The first venture with Keysort cards was begun in 
May of 1946, when the current patents formerly listed 
in a weekly publication under twenty-three subject 
headings were typed on Keysort cards to facilitate 
preparation of the publication. The code comprised 
only the subject headings punched on the card plus 
some coded information on ordering. Later the same 
plan was considered for handling the literature refer- 
ences listed in the publication, which we refer te as the 
Index of Current Technical Articles or ICTA. It was 
discovered, however, that the classification used for the 
patents was entirely inadequate for the broad scope of 
the JCTA. A revision of the code was therefore essen- 
tial. Prior to this revision a questionnaire was circu- 
lated to the laboratory personnel requesting that they 
enumerate the topics in which they were most inter- 
ested. These lists were reviewed by the Information 
Service Group and from them evolved the present 
master code used in classifying patents, JCT'A, and cer- 





1 Presented before the Division of Chemical Education at the 
112th meeting of the American Chemical Society in New York 
City, September 15-19, 1947. 

2 CasEy, Rosert S., C. F. Barey, ano G. J. Cox, J. ‘Came. 


Epuc., 23, 495 (1946). 
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tain abstracts chosen from Chemical Abstracts. A copy 
of the code was then circulated to the technical staff, 
who submitted lists of the classifications in which they 
were interested. These lists are used in selecting dupli- 
cate cards which the groups punch and code according to 
their specific needs. These individual groups of cards 
in various specialized fields are known as the coopera- 
tive subfiles. 

Since the problems arising in the processing and 
handling of various sources of literature are rather 
diverse, we shall discuss them separately with respect 
to nature of source. Let us first consider the handling 
of patents. Each week the Official Gazette of the U. 8. 
Patent Office is checked for patents in the fields re- 
quested. These are ordered and assigned an SV num- 
ber which serves as a means of positive identification of 
each item handled and an indication of its sequence of 
processing. Each patent is then classified according to 
the master code (Fig. 1). 

This code which covers literature and patent material 
from whatever source is divided into eight general fields 
as shown in Table 1. Certain special subjects have 
been alloted space on the card (e. g., B10.1 for Thio- 
phene Chemistry). The ends of the card are used to 
designate general bibliographic information, in a man- 
ner similar to that used by Cox, Bailey, and Casey.* 


Left end —Source of Information (Book, Technical 
Article, Patent, Our Company. Publica- 
tion). 

Nature of article (General, 
Preparative, or Review). 

Date of Publication (Last two digits 
with designation for 19th century). 

Right end—First three letters of author’s name and 
designation of multiple authorship. 


This classification is written on a slip inserted at the 
proper place in the Gazette which also bears notation of 
any abstracting of the claim. These abstracts are then 
typed on Keysort cards listing patent number, applica- 
tion date and issue date, patent class, inventor and 
assignee, Patent Office serial number and also SV num- 
ber and Master code classification. The cards are 
punched, but only the most pertinent classification is 
done at this time. This is to facilitate sorting accord- 
ing to a set of subject headings used for the publication 


Theoretical, 





3 Cox, G. J., C. F. Bartey, anp R. S. Cassy, Chem. Eng. 
News, 23, 1623 (1945). 
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Figure 1. Master Code 


hereafter referred to as PG. The Keysort cards are 
arranged in numerical order according to SV number 
and then sorted, and plain 5 X 8-in. cards bearing the 
proper heading are inserted as dividers. The cards 
are then given to the typist who prepares the Hecto- 
graph mat for publication of the PG. After the PG is 
run off, the mats are cut into strips which bear the 
individual reference items, and the cards for the subfiles 
are then duplicated. 

In order to determine the exact number of copies of 
each item to be duplicated, a procedure known as 
assigning to fileis used. The classifications required by 
each subfile are sorted out and the number of the subfile 
is written in colored pencil at the upper left-hand corner 
of the card. When the cards are to be duplicated, the 
mat is inserted in the duplicating machine and the 
corresponding master card is consulted for the number 
of copies necessary. The ends of the duplicates are 











TABLE 1 
Subject Position on Card* 
1. Material T1.1 to T20.1 
2. Equipment T24.1 to T27.1 
3. Product B1.1 to B9.1 
4. Function B11.1 to B12.1 
5. Process B15.1 to B27.1 
6. Phenomena T17.2 to T28.2 
7. General Field B1.2 to B4.2 
8. Miscellaneous T9.2 to T10.2 
*T = top of card. 

B = bottom of card. 

X.1 = outer row of holes. 

X.2 = inner row of holes. 





1. e., published literature, 
technical journals, house 
organs, government publica- 
tions, technical releases by manufacturers, etc., is proc- 
essed on receipt. After the librarian has accessioned 
them, the journals are examined for articles of interest. 
(At this point, an extremely liberal view is taken and 
all articles are checked which have likelihood of inter- 
est.) Journals or publications containing no articles of 
interest are given a distinctive mark and immediately 
sent out on circulation. Publications containing ar- 
ticles of permanent value are held in the library to the 


end of the calendar week. At this time the checked ‘ 


articles are given an SV number, and classified accord- 
ing to the master code. The same SV number is 
stamped on a Keysort card. For convenience in han- 
dling, the SV number and the principal classification are 
punched at this time. The cards and journals are then 
turned over to a typist, who types title, author, and 
references on each card. After proofreading these 
cards are sorted and arranged in the same manner as 
the PG cards. The Hectograph mat is prepared, run 
off, and the individual items duplicated after the master 
cards have been completely punched and assigned to 
file. 

There is a slight variation in the handling of articles 
chosen from Chemical Abstracts. Since certain sections 
of the research staff have stated their preference: for 
cards bearing the abstract as appearing in C’A rather 
than current cards bearing only the bibliographic refer- 
ence, the incoming copy of Chemical Abstracts is cir- 
culated to them and they mark the articles in which 
they are interested. One group has also specified 
varying number of cards according to the nature of the 
article, which is also indicated in the copy. The issue: 
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of CA is then returned to the Information Group where 
it is checked for articles of interest appearing in maga- 
zines not received by the library. The checked items 
are then stamped with SV numbers and passed to a 
typist. 

Because of the irregularity of typing help available 
for copying C’A it was found that the classification of the 
articles could not be done at the same rate as the typing. 
‘Therefore a system was devised whereby classification 
is independent of the typing rate. All the punching 
and assigning to files can now be done whether or not 
the mat is typed. The SV numbers are stamped on a 
set of Keysort cards and the classification written on 
this card. All this information is then punched on the 
card—complete classification, SV number, etc. The 
card is then assigned to file and stored in the master file 
to await duplication. Because of this action, it is pos- 
sible to consult the file and find references without the 
abstract or bibliographic reference on the card itself, 
since the SV numbers are arranged in sequence within 
each copy of Chemical Abstracts. Thus, in a search, a 
list of SV numbers falling under the desired classifica- 
tions can be made and found immediately in the issue of 
Chemical Abstracts. 

An aid to the duplication consists of the typist includ- 
ing the designations C, A, H, and L (markings indicat- 
ing the special request files) on the mat, so that they 
appear on the master card. In details other than this, 
the handling of the cards is the same as PG or JCTA al- 
though no weekly publication is distributed. 

Thus far our discussion has been limited to the use of 
Keysort cards. Prior to the establishment of the 
master file, Hollerith type cards had been used in a 
limited field. The first use of these cards for handling 
technical information at Socony was done on a pre- 
liminary scale in an attempt to merge several files of 
abstracts of patents dealing with the use of additives 
for modifying petroleum products, maintained by sec- 
tions of the laboratory on various phases of this subject. 
In order to unify this work it was decided to combine 
all these files and fill in the missing references in order to 
have a complete patent survey of petroleum additives. 
As the work progressed it became increasingly evident 
that the use of only one system of classification would 
be inadequate. For certain surveys it would be advan- 
tageous to have the file subdivided on the basis of func- 
tion of the additive, so that a search could be made for 
all patents dealing with antioxidants. On the other 
hand, a patentability search prior to actual work on a 
new class of compounds would require the file to be 
arranged according to chemical composition. There 
have been many cases in which the incompleteness of a 
survey has resulted either in duplication of work or the 
filing of a patent application which was written in too 
broad a scope, which could have been avoided by a 
more complete survey. 

Because of the diverse nature of the demands made 
upon this file, it seemed advisable to investigate the 
possibilities of punch cards. There was an installation 
of JBM equipment in the research and development 
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department used by the radiation section for calculating 
purposes. After a preliminary investigation of JBM it 
was decided to use the additive patents for the year 1945 
as an experiment. The following information was 
placed on a card and arranged so that it could be 
punched on a Hollerith card: 1, assignee; 2, patent 
number; 3, patent class (U.S. patents only); 4, product 
in which the additive is used; 5, function of the addi- 
tive; and 6, chemical class of the additive. The com- 
pany names of assignees were given standard abbrevia- 
tions of twelve or less letters. An alphabetical product 
classification was devised in which the first letter indi- 
cated source of product, e. g., P for petroleum, O for 
organic., etc., and the second letter indicated the use of 
the product, e. g., F for fuel, G for grease. The coding 
of the function was taken from a classification used in 
the fuel additive file. The nine generic classes in this 
code are: 1, general modifiers; 2, deposit formation; 
3, color; 4, combustion; 5, lubricity; 6, odor; 7, cor- 
rosion; 8, acidity; 9, physical properties. Each 
generic class has several subdivisions. 

The chemical classification is an enlargement of ; 
system developed by the Chemical Division for indexink 
materials tested as additives for turbine oils. It is 
based on elements other than carbon and hydrogen. A 
mnemonic code, such as PS for phosphorus-sulfur com- 
pounds was previously used. This code was converted 
to a numerical code with alphabetic subdivisions, e. g., 
01A replaces MSNP which indicates a compound con- 
taining metal, sulfur, nitrogen, and phosphorus. By a 
recent subdivision, the periodic group of the metal can 
be coded also, which has expanded the number of 
columns used from 3 to 5. This is a relatively simple 
system, but thus far has proved adequate for this file, 
although it would require modification for coverage of a 
less restricted field. 

In preparation of the experimental group of patents 
for punching, abstracts were issued to technical men in 
the additives section of the chemical division for coding. 
The cards bearing the coded information were then 
given to the [BM keypunch operator. In preparation 
of the necessary cross reference cards ‘where a single 
patent appeared in several categories, the duplicating 
feature of the machine was used to punch the material 
common to each reference and only the change was 
punched by the operator. 

When this set of cards was completed, the various 
possibilities of mechanical sorting and printing were 
investigated. Lists were printed by the tabulator 
after sorting in the following arrangements: 1, chrono- 
logically by patent number; 2, by assignee; 3, by prod- 
uct; 4, by patent class; 5, by function; 6, by chemical 
composition of additive. The utility of these varied 
arrangements justified the work necessary to code the 
entire additives file on Hollerith cards. The classifica- 
tion of this volume of material was an overwhelming one 
for the size of our information group. Therefore the 
work was farmed out to those of the technical staff of 
the chemical division concerned with additives. 

We can now sort and prepare bibliographies of pat- 
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ents according to any of the modes of classification pre- 
viously mentioned, or, by means of the multiple selec- 
tor, we can withdraw all references having a predeter- 
mined combination of codes, such as all metallo-organic 
compounds (01H) used as antiknock agents (41) in 
petroleum fuels (PF). The chief advantages of the use 
of the Hollerith card for these purposes are : 1, speed of 
punching; 2, speed of mechanical sorting and arrang- 
ing of files; 3, accuracy. with which bibliographies can 
be prepared once the cards have been correctly punched ; 
and 4, possibility of mechanical duplication. The chief 
disadvantage compared with the Keysort card is that 
only a reference to the original or abstract is obtained 
where a Keysort card may carry the abstract itself. 


EXPERIMENTAL 


In the previous discussion of the master file, we have 
considered only the Keysort punch cards. Although 
these have proved valuable in the processing of current 
references and maintenance of files in relatively re- 
stricted fields (e. g., for an individual project), there are 
inherent limitations which leave something to be 
desired in their use in a general file for a large research 
organization. The most apparent of these are the 
limited number of punches per card, if one uses direct 
coding, and the bulk of the file, which accumulates over 
a period of years. 

In regard to the former, it is to be noted that in a 
5 X 8-in. Keysort card having double rows of holes on 
top and bottom, only 106 holes are available for direct 
coding, which seems advisable in order to utilize the 
cross reference potentialities of the Keysort card. 
Judicious choice of fields of classification, combined with 
multiple sorting, increases the fineness of classification. 
For example, in a request for references on a noncor- 
rosive lubricant-additive containing metal, phosphorus, 
and sulfur, sorts are made for: B2.1, lubricant; B11.1, 
additive; 719.2, corrosion; 79.1, sulfur compounds; 
T10.1, phosphorus compounds; and 713.1, metallo- 
organic compounds. However, the degree of detail is 
still unsatisfactory in view of the broad field of interest. 

The problem of the size of the file presents even 
greater difficulty. At the present rate, we are adding ap- 
proximately 1600 references per month to the file 
(ICTA 800, PG 400, and CA 400). Thus the problem 
of hand sorting 19,000 cards—the accumulation of one 
year—becomes a tedious chore since only 200 cards may 
be handled conveniently at one time. 

To solve these problems we used the Hollerith-type 
cards again and applied, in general, the principles out- 
lined by Gull in the Symposium in Atlantic City in 
April 1946.4 The most usable features of these cards 
in this particular case are these: 1, possibility of more 
precise classification due to the greater number of holes; 
2, possibility of relating several cards bearing different 
information by an identifying serial number; 3, rapid 
mechanical sorting, which in part counteracts the dif- 
ficulty of the large bulk of reference material processed ; 





4 Gui, C. D., J. Coem. Epuc., 23, 500 (1946). 
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4, ability to print bibliographies directly from the 
punch cards by the use of a tabulator; and 5, ability to 
duplicate the punched cards mechanically. An ad- 
ditional consideration which prompted us to experiment 
with these cards was the possible reduction of the load 
on our typists occasioned by the previous necessity of 
typing the bibliographic references twice (once on the 
master card and again on the Hectograph mat for pub- 
lication and duplication of cards). The saving in time 
is approximately 8 man-hours per week for JCT'A only. 
Also, the necessity of several proofreadings by the 
technical staff would be eliminated since only one proof- 
reading of the JBM cards is required. The machines 
reproduce faithfully what is punched in the card, while 
in each transcription by a typist typographic errors are 
bound to appear.® 

The experiment involved only ICTA, since this 
publication represented approximately one-half of the 
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material processed, and all the principles and techniques 
developed could be applied to the other fields. At the 
present time, adoption of JBM printing of the JCTA is 
delayed on the problem of typography. The technical 


staff is reluctant to accept a publication printed entirely | 


in upper case with little or no punctuation. A portion 
of this difficulty may be remedied by the insertion of 





5 Eckert, W. J., AND R. F. Haupt, “Mathematical Tables and 
Other Aids to Computation”’ (in press). 
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punctuation manually after the Hectograph mat has 
been printed by the JBM tabulator (Fig. 2). 

The arrangement of the information on the cards is to 
a large degree dictated by the characteristics of the 
tabulating machine which is used for printing the 
Hectograph mats for publication.of the JCTA. The 
tabulator prints one line at a time, taking the informa- 
tion from one card. Only 48 columns have so-called 
alphamerical type-bars (7. e., those that will print either 
alphabetic or numerical characters). These give a 
printed: line 6*/, inches long, which fits nicely on stand- 
ard 8!/2 X 11-in. paper. Thus information which is 
to be printed in the JCTA is punched in the first 43 
columns of the cards and identifying information or 
material to be used only in sorting or arranging. the 
cards is placed on the right-hand portion of the cards. 
One card is used for each printed line. 

The material that is punched in the first half of the 
card will be discussed first. The information to be 
punched in the card is taken directly from the original 
journals by the key-punch operator. The articles of 
interest have been checked, numbered, and coded as 
discussed previously. The first 43 columns are punched 
as follows (see Fig. 3). 

Card A—Title Card. In this card is punched the 
title of the article as it appears in the original reference. 
Additional cards are used if more than 43 spaces are re- 
quired. 

Card B—Serial Number Card. This card serves two 
purposes: first, to list the serial number pertaining to 
the reference, and second, to separate the title from the 
remainder of the reference for improved typography. 
If the article referred to is other than a complete article, 
a word denoting its character (e. g., Note, Abstract, or 
Letter) is punched in the first several columns. The 
identifying serial number (SV 47-xxxxxx) with appro- 
priate spacing is placed in columns 33 to 43. 

Card C—Author Card. This card bears the names of 
the authors of the article, last name first, with appro- 
priate spacing. Additional cards are used if necessary. 

Card D—Reference Card. Thiscard bears the journal 
reference substantially in the form used by Chemical 
Abstracts (e. g., journal abbreviation, volume number, 
page number, year of issue) and in addition the issue 
number, and date of issue. 

Card E—Subject Card. This card is used in order to 
add information to clarify the title, or list material not 
apparent in the title. 

Card Y—Indexing Card. For each journal processed, 
a “Y” card is prepared which gives the name of the 
journal, volume, issue number, and date of issue and 
the serial numbers of the articles processed in that issue. 

Card Z—Code Card. This card bears the coding of 
the article according to the master file code. As this 
card is primarily used for sorting, it is essential that the 
same type of code occupies the same position in the card 
for all references. The card is divided into fields for 
phenomena, material, function, etc., as indicated pre- 
viously in the discussion of the master code. The fields 
are also arranged to facilitate use of the multiple selector 
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Figure 3 


attachment on the sorter since it will cover a range of 
only ten columns. 

Identifying information is punched in the right-hand 
end of the card. All cards for a single reference are 
punched the same in columns 67 to 78. Here appear the 
SV number and the principal code. The latter is used 
for sorting the references in the proper order for publica- 
tion. Columns 79 and 80 are used as control, punched 
to establish the order of the cards belonging to one 
reference. Column 79 bears the letter of the card 
form, and column 80 the digit representing the number 
of the card in the series of the form. For example, Al 
is the first title card; A2, the second; C1, the first 
author card; C3 the third author card, etc. 

Cards A through £ constitute a reference unit and 
are used for the compilation and printing of bibliog- 
raphies. 

Additional cards are also contemplated and could be 
added at any time without disturbing or revising the 
previously prepared cards. These include additional 
classification cards according to a more detailed code, 
individual author cards, standard subject-heading 
cards, and the like, which would permit periodic print- 
ing of author and subject indices in addition to the 
bibliographies. The indices would be prepared using 
the coding card or subject-heading card to withdraw the 
SV numbers of the appropriate cards. These cards 
could then be fed to a collator along with the A to # 
cards, which would withdraw the corresponding biblio- 
graphic cards. From these, the desired index would be 
printed. 

The mechanical equipment required for the operation 
of this system consists of an alphabetic printing punch, 
a sorter with multiple selector attachment, a collator, 
and atabulator. The last item represents the greatest 


expense (approximately $175 per month) and since the 

nearby Refinery Office has an JBM installation which 

we may use at off-peak periods, this is canceled, although 

we must maintain our own punch and sorter. 
(Continued on page 203) 





& STRUCTURAL MOLECULAR MODELS’ 


Tere ARE MANY attempts at present to introduce 
the concept of spatial configuration of molecules into 
the introductory chemistry course. Stick and ball 
models, Fisher-Hirschfelder flattened spheres, plastic 
discs, marbles, ball bearings, and wooden or plastic 
spheres have all been used in building up representa- 
tions of molecular shape, and of crystal structure. 
Every representation is inadequate from some stand- 
points, though sufficient from others. Since atoms are 
not hard, solid spheres, but are space filled with fluctu- 
ating electric fields it is fairly safe to say that no model 
will ever suffice to reproduce all the characteristics of 
atomic and molecular behavior. Nor is such complete 
representation necessary. A model which allows inter- 
pretation of most of the chemical and physical proper- 
ties of a substance in terms of its geometry is often suf- 
ficient. This model must also have the property of 
being clearly visible and understandable when viewed 
from a distance if it is to be useful in classwork. 


CONSTRUCTION OF MODELS 


Molecules interact primarily through their outer 
electrons which also determine the van der Waals radii, 
or, in electrovalent substances, the ionic radii. Thus 
models based on these radii are to be preferred to those 
using spheres of indeterminate radius or of covalent 
bond radius. The usual objection which is raised to 
these van der Waals models—such as the Fisher- 
Hirschfelder type—is that they are hard to see because 
of the compactness of the aggregate and because of the 
small size of the models currently produced. 

In an earlier paper? we presented a periodic table 
based on atomic models on the scale of one inch to the 
Angstrém. This is a particularly convenient scale to 
work with since distances in Angstréms may be given to 
the shop worker without the use of a conversion factor, 
and since the range in atomic size on this scale is from 
about one to five inches in diameter, which gives good 
visibility even at the distances involved in the largest 
classrooms. 

In this paper we are extending this scale to molecular 
and crystal models, as shown in the figures. These 
molecular models are based on experimental internu- 
clear distances and angles within the molecule, and van 
der Waals radii or ionic radii for the exterior surfaces as 
in the Fisher-Hirschfelder system. Admittedly the 
van der Waals radii are not known with precision, but 





1 Presented before the Division of Chemical Education at the 
112th meeting of the American Chemical Society in New York, 
September 15-19, 1947. 

2 CAMPBELL, J. A., J. Comm. Epuc. 23, 525 (1946). 


J. A. CAMPBELL 
Oberlin College, Oberlin, Ohio 


Molecular Models of the Nonmetallic Elements in the 
Upper Right Portion of the Periodic Table. 


Figure 1. 


the relative sizes are adequately represented in the 
present tabulations. The models are permanently as- 
sembled rather than interchangeable so that variation 
in angle and bond distances in a sequence such as the 
oxides of nitrogen may be noted. Where internal rota- 
tion or bond breaking is present in the natural material 
the models also rotate (as in hydrogen peroxide, Figure 
2) or break open (as in sulfur, Figure 1). 

Each atom is painted for ease in identification. The 
color denotes the family or column in the periodic table 
(black, carbon; blue, nitrogen; red, oxygen; green, 
fluorine; orange, hydrogen) and the hue the particular 
element. Thus fluorine is dark green and chlorine 
bromine, and iodine each successively lighter shades of 
green. 


USE OF MODELS 
One of the most illuminating uses results from ar- 


ranging the models of the molecules of the elements 
according to their position in the periodic table as in 
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Figure 1. It should be remembered that the models 
represent the molecular state which is stable in the 
range of moderate temperatures of primary interest to 
the beginning chemist. Si has the same crystal struc- 
ture as diamond hence we use the diamond model here 
to represent Si and the graphite for carbon. 
Unfortunately, we have not as yet completed models 
of all elementary structures, but even with the few mod- 
els here illustrated many of the important structural 
principles may be demonstrated. The change from di- 
atomic to polyatomic molecules is clearly shown, and 
the trend from polyatomic back to monatomic may be 
easily deduced. In the halogen family and hydrogen 
each element shares an electron pair between two atoms 
giving a coordination number of one. In oxygen and 
nitrogen the coordination number is also one. This is 
unusual since oxygen has available sufficient orbitals 
to coordinate two atoms into a ring or chain structure 
as does sulfur, and nitrogen could coordinate three to 
give puckered planes or closed tetrahedra as does phos- 
phorus. These diatomic molecules with accompanying 
multiple bonds are ordinarily interpreted in terms of the 
small size of these elements along with their very large 
tendency to complete, or nearly complete, an octet. 
The larger sizes of phosphorus and sulfur allow the 
greater coordination numbers and a closer approach to 
single bonding. As the size increases the tendency to 
form covalent bonds decreases. Thus oxygen exists as a 





Figure 2. Models of Some Nonmetallic Oxides 


N20 H:202 SO: 
NO 3 H202 | SO; 
NO: P.O6 > Ov 
NO;3~ 


diatomic molecule with multiple bonding, while sulfur 
has an eight-membered ring, and selenium and tellurium 
infinite chains—all essentially single bonded. In the 
carbon family the change from multiple bonding in 
graphite, through the singly bonded tetrahedral silicon 
and germanium, to the eight-coordinated tin, and the 
twelve-coordinated lead illustrates to an even greater 











Figure3. Crystal ModelsofCarbon. Graphite Is at Left and Diamond 
at Right. 


extent the decreasing tendency to form a few, strong 
covalent bonds as the elements become more metallic. 

The decreasing ability to form multiple bonds as the 
number of available orbitals diminishes is well illus- 
trated by the lengthening of the bond in moving along 
the row in the periodic table from nitrogen to oxygen 
and from oxygen to fluorine. 

Carbon as diamond or graphite (Figure 3) is interest- 
ing for it is here that the maximum number of strong 
covalent bonds can form since four electrons and four or- 
bitals are available for bonding in each atom. Even 
here, however, multiplicity of bonding is attained by 
forming the planar, three-coordinated structure of 
graphite in which the bonds average one-third double 
and two-thirds single in character. The approximate 
maintenance of this equality of number of available 
electrons and empty orbitals throughout Groups 4’, 5’, 
6’, and 7’ as well as the transitional 8’, 9’, and 10’ ac- 
counts, of course, for the hardness of these elements. 
It should be noted that carbon is the only element of 
this group which shows the multiple bonding of the 
graphite type of structure. This is again consistent 
with the trends mentioned in the nitrogen and oxygen 
families. 

The models in Figure 3 demonstrate clearly the differ- 
ence in density of diamond (3.51) and graphite (2.25) 
since each model contains the same number of atoms. 
In any plane the graphitic carbon nuclej are closer than 
the diamond carbon nuclei, but the big interplanar dis- 
tance in graphite overbalances this effect and decreases 
the density. 

In Figure 4 the diamond crystal is expanded, or ex- 
ploded, to show the various ways in which the atoms 
pack together. One can pick out the tetrahedral ar- 
rangement, the cyclohexane puckered ring, and the 
“straight chain” of organic chemistry with no difficulty. 
It also becomes clear when one looks at the faces ex- 
posed why we get the geometrical term ‘‘diamond”’ 
from these crystals. 


STRUCTURE IN OXIDE SEQUENCES 


The structural arrangements in the oxides of nitro- 
gen, hydrogen, phosphorus, and sulfur are shown in 
Figure 2. NNO and NO are linear since all electrons 





Figure 4. ‘‘Expanded’’ Diamond Crystal Showing from Left to 
Right: (1) The Neopentane Tetrahedral Carbon Arrangement; (2) 
the ‘‘Puckered’’ Cyclo-hexane Ring (Chair Form); (3) the ‘Straight 
Chain’’ Carbon Arrangement. 


are engaged in bonding except some on the terminal 
atoms. NOs, on the other hand, is bent, showing that 
there is at least one electron on the central nitrogen 
which is not engaged in bond formation. The planarity 
of the NO;~ again indicates that all the nitrogen elec- 
trons are bonding. Similar considerations account for 
the changes in the sulfur series. SO2 shows the presence 
of a free electron pair on the sulfur by its angular geom- 
etry. In SO; this formerly free pair is bonding the addi- 
tional oxygen, while the addition of a fourth oxygen 
plus an additional pair of electrons gives the tetrahedral 
structure of the SO,-. It is apparent from the geometry 
of H,O, H2O2, and P,O, that here again there are non- 
bonding electrons on the oxygen and _ phosphorus 
atoms. The existence of the various gaseous oxides of 
nitrogen is further evidence of the great tendency of 
these small atoms to form multiple covalent bonds. 


STRUCTURE IN CHEMICAL REACTIONS 


The use of such models in discussing chemical reac- 
tions is well illustrated by the oxidation of phosphorus 
by oxygen. In the first step the phosphorus tetrahe- 
dron, P, in Figure 1, is expanded and an oxygen atom 
introduced between each phosphorus to give P,Ox, (Fig- 


Figure 5. Models of (Left to Right) Aluminum Chloride (Al,Cl¢), 
Phosphorus ‘‘Pentoxide"’ (P,O;0), and Ammonium Ion (NH,4*). 
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ure 2). This leaves a free pair of electrons on each of 
the apical phosphorus atoms so that four more oxygen 
atoms can add to give the highly symmetrical P,0,, 
(Figure 5) molecule rather than the very unsymmetrical 
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formerly required of all students of chemistry. This 
would seem a good place to question the advisability of 
requiring a beginning student to write structural formu- 
las for nonexistent molecules, or for molecules which 
exist but whose correct structure is not known by the 
instructor. The electronic structure of the oxygen mole- 
cule is an outstanding case in point. 

Further correlations of geometry with chemical prop- 
erties may be illustrated by showing that the slow hy- 
drolysis of CO, compared to that of SO, may be inter- 
preted. Thus SO; is already a bent molecule and need 
only add a molecule of water to the sulfur, whereas CO, 
is linear and must undergo considerable deformation be- 
fore it can form the stable hydration product, CO;~ that 
has the same configuration as NO3~. 

The ability of NH; (Figure 6) to form complexes, 
though NH,+ (Figure 5) cannot, is easily interpreted in 
terms of the molecular structures. The pyramidal 
shape of the ammonia molecule shows the presence of a 
free pair of electrons at the apex of the pyramid. In the 
ammonium ion these electrons are engaged in bonding 
the fourth hydrogen and so are not available for com- 
plex formation. The transition here, as that in the 
phosphorus oxides, is demonstrated by adding ‘‘caps” 
of the proper size over the pqsitions occupied by the 
free electron pair and thus converting the simpler model 
to that of the more fully bonded molecule. 


STRUCTURE IN CRYSTALS 


The distinction between simple molecular, ionic, and 
giant or maeromolecular types of crystal is difficult for 
the student to make when looking at the usual kind of 
crystal model built of spheres. Such differentiation is 
much easier when the models are presented as in these 
figures. In the usual model for the ionic type of crystal, 
using tangent spheres, the spherical symmetry of the 
ionic particles is stressed, while here in the macromo- 
lecular (diamond, graphite, etc.) type (Figure 3) the 
directional bond and nonsymmetry of the atom is 
pointed out. The crystal made up by packing of simple 
molecules is easily visualized in terms of these two ex- 
treme types. Apparent anomalies such as aluminum 
chloride (Figure 5) are readily interpreted in terms of 
electronic structures and the corresponding low boiling 
and melting points explained. 

The use of these molecular models in inorganic chem- 
istry makes it easier to show the student that there are 
relatively few simple ‘‘molecules,’’? and to interpret the 
reason for this in terms of possible crystal types and 
varying chemical bonding. 


3 RaxestTraw, N. W., J. Cuem. Epuc. 23, 417 (1946). 
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STRUCTURE AND PHYSICAL PROPERTIES 


Several examples of interpretation of physical prop- 
erties in terms of structure have already been men- 
tioned. Another of interest is the transition in the vis- 
cosity of liquid sulfur upon heating. With the pegged 
model of the eight-membered ring (Figure 1) it is pos- 
sible to break the ring at any point by applying a little 
energy, 2. e., by thermal agitation, thus converting ring 

.to chain. Thestudent has little difficulty realizing that 
tangled chains would resist flow more than compact 
rings. Upon further agitation, 7. e., raising the tempera- 
ture, the chain degrades into shorter segments thus ac- 
counting for the experimentally observed subsequent 
decrease in viscosity. 

The variation in acid strength of the simple hydrogen 
acids may be well correlated with the aid of Figure 6. 
In the horizontal rows the acid strength increases from 
left to right since the oxidation number of the “central 
atom,”’ z. e., the nonhydrogen atom, is decreasing and 
thus the attraction for a hydrogen is decreasing. In 
the vertical rows the acid strength increases from top to 
bottom since the oxidation number is constant but the 
size of the ‘‘central atom”’ is increasing, thus diffusing 
the effect of the negative oxidation number over ® 
larger volume and lessening the attraction for a hydro- 
gen in any one direction. Thus, in this set, NH; is the 
weakest acid (the strongest base) and HI is the strong- 
est acid (the weakest base). 

Numerous other correlations of properties might be 
mentioned. Since these are all available in numerous 
books on structural chemistry“: * ® there seems small 
gain in listing them here. However, structural chemis- 





4 PauLine, L., ‘“‘Nature of the Chemical Bond,” Cornell Univ- 
ersity Press, 1945. 

5 WeLts, A. F., “Structural Inorganic Chemistry,” Oxford, 
Clarendon Press, 1945. 

6 Yost, D. M., anp H. RussE xt, ‘Systematic Inorganic Chem- 
istry,”’ Prentice-Hall, 1944. 


Figure 6. Molecular Models of Hydrogen Acids: NH;3; H2O, HS; 


HF, HCl, HBr, HI. 


try involves such simple pictures and allows such widely 
applicable correlations that it is indeed unfortunate not 
to make wider use of it in the elementary approach to 
chemistry. The concept that an atom or molecule has 
size and shape is at least as important as that it has 
weight, and is much more useful in the interpretation 
of most chemical phenomena. 





AN INFORMATION SERVICE USING BOTH HAND AND MACHINE SORTED CARDS 
(Continued from page 199) 


The problem of keeping records of reports issued by 
the OTS in the absence of a numerical index needs no 


emphasis here. To facilitate processing in our library, 
we have prepared and are maintaining a cumulative 
numerical index of JBM punch cards. As each issue of 
the Bibliography of Scientific and Industrial Reports is 
received it is given to the key-punch operator who 
makes a card for each item listed. The card bears the 
PB number and the reference to the Bibliography where 
its abstract appears. These cards are cumulated and 
interfiled so as to form a complete numerical index of 
reports issued by the O7'S. When a report is ordered a 
mark is placed on the corresponding JBM ecard to indi- 
cate a photostat, microfilm, or mimeograph. i 

In conclusion, it is our opinion that although neither 
Hollerith nor Keysort cards have given a complete 


solution to all the problems confronting our library 
information group, the use of the two types of cards in 
combination is fairly satisfactory. It is our hope to 
convert the publications issued by the library to 7BM 
methods of printing and therefore eliminate the labori- 
ous hand punching and hand sorting or large numbers 
of cards, now necessary. However, we intend to con- 
tinue the distribution of references on Keysort cards to 
individuals or groups conducting research in relatively 
narrow fields, so that the burden of searching may be 
decreased both for the information group and the re- 
search personnel, and with the possibility of microfilm 
inserts in Keysort cards (now under consideration by 
the McBee Company) an even greater aid to literature- 
survey work is anticipated, due to increased accessi- 
bility to the individual reference. 





& INTRODUCTION TO POLYMER LABORATORY 
EXPERIMENTS 


Tus material is part of that furnished the author’s 
students in a laboratory course in polymer chemistry. 
About twenty experiments have been designed to pro- 
vide experience with: (1) manipulation and testing of 
polymers, (2) principal types of polymers, and poly- 
merization reactions, and (3) chemical reactions of poly- 
mers. A short discussion provides a theoretical back- 
ground, somewhat like that found in the Gatterman- 
Wieland text, for each division of the work and for each 
experiment. The material which follows is selected 
from sections introducing the student to condensation 
and addition polymerization and to an experiment on 
granular polymerization as one of the additién polymeri- 
zation methods. The experiment is that used by the 
author’s students to illustrate granular polymerization. 


DEFINITIONS 


Polymers are substances, usually of high molecular 
weight, which contain recurring structural units. For 
instance, the unit in polyethylene is —CH,CH2— 
while that in a polyamide is —CONH(CHp),—. 
These units are repeated hundreds or thousands of times 
to give typical polymers. Literally, however, the word 
polymer means many parts and the trimer of formalde- 
hyde is as much within this literal meaning as is a poly- 
ethylene with 1000 units in its chain. The phrase 
“high polymer” has been Adopted to provide a name 
more clearly descriptive of the high molecular weight 
polymers. The use of this term is helpful in empha- 
sizing that there is a basis for such a distinction even 
though the question as to what is meant by “high” 
remains to be answered. 

Polymerization is an intermolecular combination 
functionally capable of proceeding indefinitely (1, 2). 
Addition polymerization is a combination of unsatu- 
rated molecules. For example, carbon atoms linked by 
a double bond are converted to carbon atoms in a long 
chain. Thus, ethylene, CH:=CHe, is converted to 
polyethylene,—CH2,CH2(CH:CH2),—CH:CH.—. Con- 
densation polymerization is a combination of re- 
actants with the loss of some simple molecule such as 
water. Thus, the amino and carboxylic groups in an 
amino acid condense with elimination of water to form 
a linear polymer: 


xNH:RCO.H — —NHRCO(NHRCO),_2.NHRCO— + 2zH.0 
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Granular Polymerization of Methyl 
Methacrylate 


RICHARD H. WILEY 
University of North Carolina, Chapel Hill, North 
Carolina 


In this equation R is a divalent radical such as 
—CH,CH,CH2CH2CH.—. 

The terms condensation polynier and addition poly- 
mer are often used as names of the products formed in 
the respective processes. This terminology is confusing 
because in some cases polymers with the same structural 
units can be formed by either a condensation poly- 
merization or an addition polymerization. Thus «- 
aminocaproic acid and carpolactam form polymers with 
the same unit. 


aN H,CH:CH:CH:CH.CH.CO.H 
—(NHCH.2CH:2CH2CH:2CH.CO); 


2NHCH:CH2CH:CH:CH:CO 





It would seem that the same polymer is to be named 
either a condensation or an addition polymer depending 
on the method by which it is prepared. To avoid this 
apparent inconsistency condensation polymers have 
been defined as in the preceding paragraph with the fur- 
ther qualification that they can be degraded to mono- 
mers differing in composition from the structural unit 
(3). The linear polyamide can be degraded by hydroly- 
sis to e-aminocaproic acid. A molecule of water is added 
to each unit to form the monomer in a reversal of the 
condensation. Therefore, the polyamide is properly 
classified as a condensation polymer. This expanded 
definition, it may be noted, includes proteins and cellu- 
lose as condensation polymers. 

The division of polymer chemistry into condensation 
and addition types is useful because the reactions by 
which the two types are formed are fundamentally 
different. Addition polymerization is a chain reaction 
which proceeds with extreme rapidity. Each chain is 
formed rapidly and, as a result, low molecular weight 
products are not usually isolatable. If the reaction is 
interrupted before completion, unreacted monomer and 
high molecular weight polymer are obtained. On the 
other hand, condensation polymerization is a reaction 
which usually proceeds slowly. The poly-esterification 
reaction has been shown to be kinetically similar to 
monomolecular esterification (3) and there is reason to 
believe that other poly-condensations proceed as do re- 
lated monomolecular condensations. The reaction can 
be considered simply as a reaction of functional groups. 
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If the polymerization is interrupted before completion, 
alow molecular weight polymer is obtained; not a mix- 
ture of monomer and polymer. Furthermore, heating 
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zations are unsuccessful m explaining such facts as the 
failure to obtain high molecular weight products from 
propylene when both ethylene and isobutylene are 

















[ a low viscosity polymer, such as a polyamide in which readily converted to such. Price (4) has presented a 
amide formation proceeds by heating, will continue the tentative explanation for some similar problems in re- 
polymerization until a very high viscosity results. To lating structure to copolymerization tendency and 
prepare “‘viscosity-stable” condensation polymers it is Thompson (4) has collected many of the facts. 
necessary to add a trace of a monofunctional reactant to Addition polymerization has the characteristics of a 
furnish end groups for the short chain. chain reaction. The reaction is extremely rapid. If 
ADDITION POLYMERIZATION interrupted before completion only monomer and poly- 

mer—no dimers, trimers, etc.—are found. The re- 

In addition to polymerization the intermolecular action is subject to initiation, surface effects, and in- 
combination capable of proceeding indefinitely is the hibition as are other chain reactions. The two com- 
combination of one unsaturated molecule with another. monly used types of initiators are free radical gener- 

The reaction is characteristic of a great variety of un- ators, such as hydrogen peroxide, benzoyl peroxide, or 

as saturated compounds and is one of the most important sodium persulfate, and ionic reagents of an electrophilic 
general reactions of organic chemistry. In Table 4, type, such as aluminum chloride or boron trifluoride. 

oly- — there are listed a variety of polymerizable and nonpoly- The use of the minimum amount of initiator gives the 

1 in merizable monomers. Many others might be included highest molecular weight product since fewer chains are 

ing — since attempts have been made to polymerize most competing for available monomer. Similarly at the 

iral known types of unsaturated compounds. Even so, no lowest effective temperature, where rate of decomposi- 
oly- general statement relating structure to polymeriz- ition of initiator is lowest and concentration of initiat- 
sé § ability has been formulated. Attempts at such generali- ing radicals is therefore lowest, the highest molecular 
vith 
TABLE 1 
_ Polymerizable Unsaturated Compounds 
i Examples — 
Types Polymerizable Nonpolymerizable 
1. Unsubstituted types CH=CH: 

ned CH.=O 

‘ 2. Monosubstituted ethylene. RCH==CH: C.H;CH=CH, CH;CH=CH: 

ing RCO.CH=CH; *CH:=—CHCH:.Cl 

his CH:=—CHCO.R 

om CH.=CHCN 

ave CH:=CHCI (or F) 

ur- CH.—CH—CH=CH, bd 

no- CH;=CHOR 

CH:—CHNR; 

nit CH;COCH=—CH:; 

ly- 3. 1,2-Disubstituted ethylene. RCH=CHR CH;CH=CHCO:R 

led CICH=CHCI 

CsH;CH=CHC.H; 
the CH;CH=CHCH; 
rly *CH—CH 

* | 
led coodo 
lu- *RO.CCH—=CHCO.R 
4. 1,1-Disubstituted ethylene. R.»C—CH: CH»=CCl, (or F2) ‘ 
. (CH3)2C—=CH2 
1on CH.=C(CH;)CO.R 
by CH.=CCICO2R 

lv CH.—C(CH;) CH=CH: 

sha CH,=CCICH=CH, 

lon ; CH.=C(CH;)C(CH;)=CH: 

| is CsHs(CH;)C=CH, 

xht (CeH;)2C—=CH:2 

<4 2 (RO2C)2.C—=CH2 

1 1s 5. Trisubstituted ethylene *Cl,C—CHCl 

md ees 

the oo co 
ion 6. Tetrasubstituted ethylenes CF.—CF; (CH3)2C—=C(CHs3)2 
. ne 2 
7 F.C=CCIF *CIFC=CFCl 
to *CIFC—CF;, 
to t If a compound forms high molecular weight polymers, jt is listed as polymerizable; conversion to low molecular weight products 
re- § is not considered polymerization. 
an * Copolymerizability has been reported. 
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weight polymer is formed. Effective inhibitors are the 
polyhydroxy and polynitro aromatic compounds. 

The mechanism of the free radical type polymeriza- 
tion has been the subject of much study. Four steps 
have been postulated as parts of the over-all reaction. 
These are initiation, propagation, cessation, and chain 
transfer. In the initiation step the free radical gener- 
ator dissociates into free radicals. In propagation the 
free radical unites with monomer to form a new radical 
and the process is repeated until a long carbon chain is 
produced. In cessation, the radical at the end of the 
polymer chain is destroyed, for example, by dispropor- 
tionation or combination. Chain transfer takes place 
when the activity of the free radical is transferred to an- 
other molecule. These may be summarized: 


1. Initiation: 
(PhCO).02 — PhCO.* + Phe + CO, 


2. Propagation: 


(x—1)M 
Phe + M — PhMe ———> PhM, 


3. Cessation: 
by disproportionation: 


2RCH2CH2* — RCH =CH,+ RCH.2CH; 
R is PhM¢ — 1) where M is CH2CH, 


by combination: 
2PhM,*®— Ph,M,zPh 
4, Chain transfer: 


PhM.z* + CCl — PhM,Cl + CCl 
CCl,* + M— Cl;CM,z°® 
Cl;CMz* + CCl, — Cl,CMz + CCh* 


This mechanism is supported by various types of evi- 
dence (6a). For instance, fragments of initiators and 
inhibitors have been identified as terminal groups of the 
polymer chain.. Carbon tetrachloride has been shown 
to react according to the chain transfer reaction with 
styrene (6b), and with vinyl acetate (7), and with ethyl- 
ene (8) while carbon tetrabromide and bromoform re- 
act similarly with olefins (9). The products in these 
transfer reactions may be of low molecular weight, 
where z is one to ten, or may be much higher in molecu- 
lar weight, where x is about fifty (10). The mecha- 
nism also explains the kinetic data which show the re- 
action to be first order with respect to monomer and 
half order with respect to initiator concentration; 7.e, 

d{M] 


pe i. i — 0.5 
di [k[M] [initiator] 


Much less is known about the mechanism of ionic 
type addition polymerization. For many years it was 
assumed that the catalyst, boron trifluoride or alumi- 
num chloride; for example, combined or reacted with 
the monomer to form a carbonium ion in the initiating 
step (11, 12). Recent studies (13, 14, 15) have shown 
that pure boron trifluoride does not initiate the poly- 
merization of isobutylene in the absence of some third 
material such as water. This finding has been made the 
basis of a mechanism which proposes that the boron 
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trifluoride acts as a transfer agent which transfers a pro- 
ton to the unsaturate to form a carbonium ion which is 
is the chain initiator. These reactions are summarized: 


BF; + YH — F;BYH 
F;BYH + CH.==CMe. ~ F;BY- + Me;C* 
Me;C* + CH.—=CMe: — Me;C—CH2—CMeb", ete. 


Several methods are available for radical type ad- 
dition polymerization. Four widely used types, based 
on the physical systems used, are: (1) bulk, in whicha 
liquid monomer and catalyst are converted to a poly- 
mer; (2) solution, in which a solvent is added to the 
bulk system; (3) emulsion, in which the liquid 
monomer and catalyst are dispersed in another phase, 
usually water; and (4) granular, in which droplets of 
liquid monomer are polymerized in another phase, 
usually water. All of these have been adapted to the 
polymerization of normally gaseous monomers under 
pressure. The methods are all of general utility with 
the qualification that aqueous emulsion techniques 
cannot be used with water-sensitive ingredients such as 
aluminum chloride initiator or vinyl ether monomers. 


GRANULAR POLYMERIZATION 


In the following experiment methyl methacrylate is 
polymerized by the granular technique. This tech- 
nique is sometimes called the suspension or pearl 
method (16). It has been used with viny! acetate, 
methacrylates, acrylates, styrene, and ethyl acrylate- 
styrene copolymers (16, 17, 18, 19, 20, 21, 22, 23,). The 
system used is somewhat like that used in emulsion 
polymerization. The monomer is suspended in drop- 
lets 1 to 5 mm. in diameter in an aqueous medium. Ad- 
ditional substances are added as dispersing agents to 
keep the droplets, which become sticky as the poly- 
merization proceeds, from coalescing. Such  sub- 
stances are: bentonite, particles of which adhere to the 
droplets; glycerol, which increases the viscosity of the 
aqueous layer; or a colloidal substance such as starch 
(20) or sodium polymethacrylate (18). These sub- 
stances, sometimes most effectively used in combi- 
nation, all prevent coalescence of the droplets. The 
polymerization then proceeds as a multitude of bulk 
polymerizations rather than an emulsion polymeriza- 
tion. This procedure is very useful since the polymer 
is prepared in a pure form, is easy to handle, and is ready 
for use as a molding powder without further operations. 

Preparation of Dispersing Agent. Sodium polymeth- 
acrylate is prepared as follows. Stir 25 g. of 
methacrylate with 500 ml. of cone. sulfuric acid for four 
hours on the steam bath. After standing overnight, 
pour the black solution onto ice to precipitate the poly- 
methacrylic acid. Wash the precipitate three times by 
thorough mixing with water. Dissolve in a solution of 
10 g. of NaOH in 200 ml. of water and dilute to 600 ml. 

Preparation of Monomer. Distill the methyl meth- 
acrylate monomer under a slight vacuum just prior touse 
to free it of stabilizer. Collect under oxygen-free nitro- 
gen and keep cold until used. 

Polymerization. Dilute 25 ml. of the sodium poly- 
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methacrylate solution to 150 ml. and place the diluted 
solution in. a 500 ml. three-necked flask equipped with 
sealed stirrer, condenser, and thermometer. Place a 
buffer solution, prepared from 0.85 g. of disodium phos- 
phate and 0.05 g. of monosodium phosphate in 5 g. of 
water, in the flask. Dissolve 0.5 g of benzoyl peroxide 
in 50 g. of the distilled methyl methacrylate and place 
this solution in the flask. Operate the stirrer at a speed 
just sufficient to keep the ester in the form of drops 2 or 
3mm. in diameter. Heat in a water bath to 80-82°C. 
for 45 minutes to complete the polymerization. Collect 
the solid granules of polymer on a filter, wash with 
water, anddry. The size of the granules is determined 
by the speed at which the stirrer is operated. Very 
rapid stirring will form an emulsion, not granules. 


LITERATURE CITED 


(1) CarotruErs, W. H., Chem. Rev., 8, 358 (1931). 

(2) CaroruErs, W. H., Trans. Faraday Soc., 32, 41 (1936). 

(3) Fuory, P. J., Chem. Rev., 39, 187 (1946). 

(4) Prics, C. C., J. Polymer Sci., 1, 83 (1946). 

(5) Burk, R. E., H. E. Toompson, A. J. Writs, AND I. WIL- 
LIAMS, “Polymerization, * Reinhold Publishing Corpora- 
tion, New York, 1937, pp. 13-52. 

(6) Prics, C. C., in S. B. Twiss, Editor, “Advancing Fronts in 


207 


Chemistry, Vol. I, High Polymers,” Reinhold Publishing 
Corporation, New York, 1945: (a) pp. 37-45; (b) pp. 43, 116. 
(7) Harmon, J. H., U. S. Patent 2,396,261 (1946). 
(8) Imperial Chemical Industries, Brit. Patent 581,899 (1946). 
Chem. Abstr., 41, 3477 (1947). 
(9) Kuarascn, M.S., E. V. JENSEN, AND W. H. Urry, J. Am. 
Chem. Soc., 68, 154 (1946). 
(10) Peterson, M. D., anp A. G. Wess, U. S. Patent 2,395,- 
292 (1946). 
(11) Prics, C. C., Ann. N. Y. Acad. Sci., 44, 368 (1943). 
(12) Marve, C.S., anp E. C. Hornine, in H. Gilman, Editor, 
_ “Organic Chemistry,” 2nd ed., John Wiley and Sons, 
‘- New York, 1944, p. 776. 
(13) Evans, A. G., anp M. Potanyt, J. Chem. Soc., 252, 1947. 
(14) Piescu, P. H., M. Potanyi, anp H. A. SKINNER, 7bid., 
257, 1947, 
(15) Evans, A. G., anp M. A. WEINBERGER, Nature, 159, 437 
(1947). 
(16) Honenstern, W. P., ano H. Mark, J. Polymer Sci., 
(1946). 
(17) Crawrorp, J. W. C., anp J. McGratu, U.S. Patent 2,108,- 
044 (1938). 
(18) Marks, B. M., U. S. Patents 2,122,886 (1938). 
(19) Crawrorp, J. W. C., anp J. McGratu, U.S. Patent 2,191,- 
520 (1940). 
(20) Drrrmar, H. R., U.S. Patent 2,163,305 (1939). 
(21) Hittner, J. R., anp W. F. Barros, U.S. Patent 2,264,376 
(1941). 
(22) White, J. O., U. S. Patent 2,401,445 (1946). 
(23) Fletcher, D. A., and F. L. Jonnston, U.S. Patent 2,418,828 
(1947). 


1, 127 


8 COLOR AND THE TRANSITION ELEMENTS 


GENERAL CONSIDERATIONS OF COLORED 
COMPOUNDS 


The term “transition elements” was originally applied 
by Mendeleev to the elements Fe, Co, Ni, Ru, Rh, Pd, 
Os, Ir, and Pt, occupying Group VIII of the periodic 
table, but the following elements are now commonly 
included in the term: 


Ti V Cr Mn Fe Co Ni Cu 
Zr Cb Mo Ma Ru Rh Pd Ag 
Ht . Ta W Re Os Ir Pt Au 


These transition elements are characterized by very 
variable valence and the associated properties of cata- 
lytic activity, magnetism, and the formation of colored 
compounds; it is believed that variable valence is asso- 
ciated with the possibility of electron exchange between 
the outer electron ring and the next, and it is significant 
that these elements occur in parts of the periodic table 
where the outermost group but one is being built up. 
It is also significant that rare earth compounds are fre- 
quently colored too, although in their case it is the 
outermost electronic group but two which is in ptocess 
of completion. 


IAN H. PARSONS 
London, England 


The incidence of colored compounds is clearly shown 
if we consider the curve formed by plotting the atomic 
volumes of the elements against their atomic weights, 
as shown in Figure 1. It will be seen that there are 
several minima, that, in general, colored compounds 
are formed by transition elements located at or near the 
minima, and that elements not on these minima rarely 
form colored compounds. ’ 

Compounds of the elements titanium, vanadium, 
chromium, manganese, iron, nickel, cobalt, and copper 
lying on one minimum are for the most part relatively 
abundant and therefore cheap; compounds derived 
from elements occupying positions on other minima are 
generally rare and expensive. For the present we may 
restrict our attention to colored compounds of the com- 
mon elements mentioned above. 

It is suggested that a study and comparison of the 
color-producing properties of these transition members, 
as manifested in their compounds, would illustrate a 
number of theoretical relationships in a striking manner, 
and that it would have considerable educational value. 

Suggested Scheme for Study. For a general considera- 
tion of these colored compounds the following scheme 
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might well be followed; the procedure for a single com- 
pound, say cobaltous sulfate, will first be outlined, and 
then a list of the various compounds which might be 
investigated with advantage will be advanced. 

It is desired to prepare solutions containing 1 mol of 
the salt per liter, one-half mol per liter, one-quarter 
mol per liter, and so on, until a solution is obtained with 
a color indistinguishable from that of an equal thickness 
of pure water. It is also necessary to produce solutions 
containing 2, 4, 8, etc., mols per liter up to the maximum 
concentration permitted by solubility. The complete 
series is shown in the following scheme: 

Concentrations 
Solubility limit — 8 M, 4M, 2M, M, M/2, M/4, M/8 — 
Disappearance of color 

It is clear that the number of fractions provided by a 
given compound will be dependent both on solubility 
and also on color intensity. Thus, potassium perman- 
ganate, although not a very soluble salt, would provide 
about 15 fractions if made up according to this system. 
A point regarding the preparation of a standard series 
may be made here. Having decided the desired volume 
of each fraction, say 50 ml., the entire series may be 
prepared quite easily from twice this volume of the 
strongest solution in the series, by division and dilution, 
irrespective of the total number of fractions required to 
reach a ‘‘colorless’’ end fraction. 

Considering the elements Ti, V, Cr, Mn, Fe, Ni, Co, 
and Cu as constituents responsible for color, it is sug- 


gested that preparation of a series for each of the fol- 
lowing compounds given by these elements should be 
made up whenever stability permits: 


Chlorides 
Nitrates 
Sulfates 
Double sulfates 
Sulfates 
Double sulfates 


RCI, 

R(NO3)2 

RSO, 
RSO,-(NH,)2SO,4 
R2(SOx)s 
R2(SOx)3-(NH4) 280, 


Formulas of the anhydrous compounds are given above. 
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Figure 1. Graph of Atomic Volumes: Atomic Weights. 
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Educational Aspects. With regard to the educational 
advantages to be derived from a study of such prepara- 
tions, the following points are advanced. Approximate 
ideas both of solubility and color intensity would be 
learned, since we may say very roughly, as a first ap- 
proximation, that solubility would be indicated by the 
number of fractions in each series stronger than molar, 
while color intensity would be shown by the number of 
fractions weaker than molar. 

A number of particular questions would also be an- 
swered. Thus, if we assume the cupric ion to be the 
coloring agent in cupric chloride, cupric nitrate, cupric 
sulfate, and cupric ammonium sulfate, we should expect 
solutions of these compounds of the same molar strength 
to have the same colors; valuable instruction would be 
gained by consideration of the reasons causing diverg- 
ence from this rule in certain cases. Again, the effect 
of valence on stability would be illustrated by the sta- 
bility, instability or the non-existence of compounds of 
the various elements. The effect of double salt forma- 
tion on solubility, as indicated by copper ammonium 
sulfate and copper sulfate would be demonstrated, and 
other similar points will come to mind. 


DEMONSTRATIONS OF PARTICULAR THEORETICAL 
RELATIONSHIPS 


We now proceed to consider’a number of special 
arrangements designed to illustrate particular theoreti- 
cal relationships. In general, for these preparations 
each individual series would be made in the standard 
method already described. 

Color and Complex Formation. The basic series in 
this collection would be a series of cobalt chloride frac- 
tions in water ranging through the standard molar con- 
centrations, 2M, M, M/2, M/4, M/8, and so on down 
to colorless. Three further series would be prepared, 
the solutions ranging through the same molar concen- 
trations as the first series, except as modified by solu- 
bility and color (extinction) considerations, but using 
as solvents 3 NV, 6 N, and 12 N hydrochloric acid. 

The colors of comparable fractions in the four series 
would not be identical because of molecular rearrange- 
ment, probably due to the formation of complex ions. 
Further series might be prepared with advantage using 
mixtures of fuming hydrochloric acid and alcohol as 
solvents, to illustrate the principle in an even more 
striking manner. 

Color and pH. The basic series in this collection 
would be a standard series of cupric chloride fractions 
in water. The solutions in this series would of course 
range in color from green through blue to colorless, the 
green color demonstrating the presence of complex ions. 

Three further series, each with fractions of the same 
concentrations as the first, but using 3 V, 6 N, and 12 N 
hydrochloric acid as solvent would be prepared also, 
being placed above the standard series. These would 
illustrate by their different colors the effects of pH on 
complex ion formation. , 

Below the initial se~ies, three further series using 3 N, 
6 N, and 12 N ammonia as solvent should be arranged; 
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these will demonstrate the presence of the ammonia- 
copper complex. The intense color of this complex 
should be manifested by the greater number of dilute 
fractions required to reach a colorless condition than in 
the case of the initial series. 

Color and Valency. The colors of the compounds 
derived from the three oxides CrO, Cr.03, and CrO; 
lend themselves well to a striking demonstration of the 
effects of valence changes on color. In the case of 
chromous sulfate, CrSO,, should the preservation of this 
compound prove possible, the concentrations would 
again be based on the standard procedure; but in order 
to introduce the same weight of ¢hromium, the agent 
responsible for the color, into each comparable frac- 
tion—that is, in each vertical column of fractions in the 
final collection—the following relationship should be 
followed in the series containing chromous, chromic, and 
chromate compounds: 


Cau = K,CrO, 


CrSO, = 


In the arrangement outlined below each formula 
represents a series, 7. ¢., a series of solutions having con- 
centrations throughout the agreed range; although the 
valency of chromium is the same in chromate and di- 
chromate, dichromate has been included to illustrate 
the color difference between the CrO,—— chromate 
ion, and the Cr,O0;— — dichromate ion. The inclusion 
of trichromate is suggested because, should it prove 
possible to preserve trichromate solutions, it would be 
of interest to compare their colors with those of dichro- 
mates. 


CrSO, 
Cro(SO4)3/2 
K;CrO, 
K,Cr.07/ 2 
K2CrsO10/3 


(Blue) 
(Purple) 
(Yellow) 
(Orange) 
(Red ?) 


It may be added that while the preparation of the 
three series in the center of the scheme would offer no 
difficulty, preparation and preservation of the outside 
members would require considerable skill, and probably 
preliminary research work. 

Manganese is another element whose compounds 
manifest the effect of valency changes on color in a strik- 
ing manner. The following scheme is proposed, in 
which, as above, each formula represents a series of 
solutions: 

MnSO, 


KeMnQ, 
KMnQ, 


(Pink) 
(Green) 
(Purple) 


The small number of colored solutions given by 
manganous sulfate would contrast strongly with the 
large number provided by potassium permanganate, 
because of the greater color intensity of the MnQ,~ ion. 
The preservation of the series containing manganate 
would require some thought, but could doubtless be 
accomplished by the use of air-free potassium hydrox- 
ide solution as solvent. ‘ 

Perhaps no element shows a greater variety of differ- 
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ent colors in its compounds than vanadium. Depend- 
ing on valency, lavender, green, blue, colorless, orange, 
and red solutions may be obtained, and the preservation 
of even the least stable lavender solutions should not 
prove an insuperable difficulty. A representative col- 
lection of vanadium compounds would indeed provide 
a most striking demonstration of the relationship be- 
tween valency and color. 

Color and Temperature. A number of compounds 
suffer molecular rearrangement in solution with change 
in temperature. Of these, chromium salts may be 
mentioned, and an interesting illustration would be pro- 
vided by the preparation of two series containing chro- 
mic sulfate; the first, at room temperature would con- 
sist of violet colored fractions, the second, held at 80° 
C., would be green in color. To prevent evaporation in 
the fractions of the seeond series, the containers would 
be required to withstand a pressure of about ?/; atmos- 
phere. Other compounds showing this change will 
come to mind, and could well be included in displays. 

Color and Solvent. Series containing iodine dissolved 
in water, potassium iodide, alcohol, ether, carbon disul- 
fide, and chloroform would show differences in color due 
to the solvent ‘employed, and would also, by their 
ranges, suggest the varying solubility of the element in 
the solvents used. The violet solutions, similar in color 
to iodine vapor, should be very striking. A comparison 
of the colors of aqueous and alcoholic solutions of inor- 
ganic compounds would also be of interest. 

Color and Particle Size. While thus far only series of 
colored solutions have been considered, it is highly 
probable that instructive collections of colored solids, 
graded according to particle size, could be prepared. In 
general we should expect color intensity to decrease 
with particle size, a point which would be elucidated by 
inspection of series of such compounds as the following, 
carefully screened within narrow size limits, and displayed 
under standard conditions with suitable precautions to 
prevent decomposition: chrome alum, copper sulfate, 
manganous sulfate, potassium chromate, potassium 
dichromate, potassium permanganate, vanadous am- 
monium sulfate. 

Many other suitable compounds will come to mind, 
and the persistence of color in spite of reduced particle 
size would be an interesting field of stidy. In connec- 
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Figure 3. Hexagon Indicating Proposed Compositions 


tion with the preservation and display of these collec- 
tions it may be mentioned that easily oxidizable sub- 
stances, such as vanadous ammonium sulfate, may be 
preserved unchanged under mineral oil, which effects 
little change in appearance and color; probably it would 
be advisable to standardize the preservation of the frac- 
tions in these collections under this material, and to use 
flat glass containers for display. 

Examples showing the effect of water of crystalliza- 
tion on the color might well be included also, such as: 


NiSO,, yellow; NiSO,-6H.O, blue; NiSO,-7H:O, green. 
CuCh, brown; CuCl,-2H,O, green. 
CuSO,, white; CuSO,-5H:0, blue. 


In this case also careful screening to within narrow size 
limits, and standardization of the method of mounting 
would be essential. 


MORE ADVANCED STUDIES 


While the number of interesting and instructive 
colored compounds suitable for illustrating theoretical 
relationships is of course almost unlimited, a few sug- 
gestions regarding rather more advanced collections 
may be of interest. 

Color, Isomorphism, and Solubility. There is a very 
large class of salts, represented by nickel ammonium 
sulfate, NiSO,-(NH,)2S0,-6H:O, which are isomor- 
phous, and of which many are colored. The ability to 
form mixed crystals in all proportions due to isomor- 
phism and solubility relationships in these compounds 
would be attractively shown by a collection prepared 
according to the following principle. 

In the triangle shown in Figure 2, Zn represents a 
solution containing only zinc ammonium sulfate; Ni, 
100 per cent nickel ammonium sulfate solution, and Cu, 
100 per cent copper ammonium sulfate solution, while 
intersecting points indicate mixtures of solutions with 
compositions according to the usual convention. 

Now suppose the solubility of the least soluble of the 
three salts is x gm. per liter at 80°C., and that solutions 
of each containing x gm. per liter at 80°C. are prepared. 
Appropriate volumes of these solutions are then used, 
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mixing when necessary, to form fractions of uniform vol- 
ume representing each of the intersecting points on the 
diagram. On cooling to room temperature, varying 
amounts of salt will crystallize out according to the 
solubilities of the compounds involved; that is, relative 
solubilities would be indicated by mere inspection. 

The principle may now be extended to produce the 
arrangement shown in Figure 3, in which the same sys- 
tem of nomenclature has been used, V, for instance, 
indicating vanadous ammonium sulfate. Considera- 
tion of this diagram will show that all colors will fade out 
toward the center to ‘‘colorless’”’ zinc ammonium sulfate, 
and that the other compounds have been placed so as to 
provide the most suitable color combinations. This 
collection should of course be arranged horizontally for 
the best effect. Once again the student would be con- 
fronted with a graduated scale of difficulty; some of the 
compounds could be weighed out directly, some would 
require standardization by analysis, ferrous ammonium 
sulfate would require special precautions to avoid oxida- 
tion and hydrolysis, and vanadous ammonium sulfate 
would provide an interesting example of an electrolytic 
preparation. A still more difficult step would be the 
attempt to replace one of the elements listed by chro- 
mium, as the blue, easily oxidized compound chromous 
ammonium sulfate. Partial substitution of the sulfate 
group by selenates would afford a further example of 
isomorphism. A similar but much smaller collection 
could be prepared using the alums which are also iso- 
morphous. 

Elements Lying on Other Minima. The elements 
ruthenium, rhodium, palladium, and osmium, iridium, 
platinum, and gold, which lie on other minima of the 
curve of atomic weight and atomic volume, and form 
colored compounds, are so rare and expensive that frac- 
tions of the size already suggested cannot be considered 
in their case.. But by the use of small, or “micro” frac- 
tions, diluted in accordance with the basic proposal, it 
should be possible to illustrate adequately these little- 
known compounds, and their color relationships, with- 
out undue expense. This would be particularly true if 
a fairly large magnifying glass were so mounted that it 
could be caused to traverse all the fractions at will. 

Most of the compounds of these elements being un- 
stable and little known, the preparation and preserva- 
tion of representative colored series would once again 
provide some interesting and instructive problems. 

In this category, series showing the color effects due 
to valence changes in uranium, as shown by uranyl and 
uranous sulfates, should be included. 

It is hoped that enough has been said to indicate the 
wide possibilities available in the field of colored inor- 
ganic chemicals and to provide convincing evidence that 
systematic collections, prepared in accordance with the 
schemes outlined above, would offer great possibilities 
from the educational point of view. It may be that the 
temporary display of such colored collections would 
prove a stimulating attraction. 








NEW TOUGH FILMS AND BUBBLES 


Boys! AND LAWRENCE? were able to prepare, from 
specially purified sodium oleate, films which had under 
controlled conditions a lifetime of several years. Thin 
films would seem to possess all of the characteristics 
necessary for immortality. They resemble the: char- 
acters in George Bernard Shaw’s play “‘Back to Methu- 
selah” who, living in an age in which man has achieved 
immortality, wander about through the centuries wait- 
ing for a fatal accident to happen. If dust and carbon 
dioxide are excluded and evaporation is prevented, a 
sodium oleate film may live for a long time before meet- 
ing with a fatal accident. In the open air its lifetime 
is relatively short. 

Ordinary soap and commercially available sodium 
oleate produce short-lived films, because of the presence 
of sodium stearate and palmitate which form solid 
monolayers on the surface of the film, with the result 
that the film is unable to withstand sudden stresses. 
Purification of oleic acid from which sodium oleate is 
prepared is a long and tedious process. The addition 
of glycerol greatly increases the life of soap films, pos- 
sibly because the surface monolayers are more liquid 
and because drying out is prevented. Cook* has 
pointed out the fact that addition of small amounts of 
tannin greatly improves the toughness of soap films. 
He also recommends the use of triethanolamine oleate 
solution for bubbles with a sufficiently long life for or- 
dinary purposes. 

With so many new types of surface-active compounds 
available* the investigator of tough films and bubbles 
is no longer limited to soap films, which are susceptible 
to carbon dioxide and other acid fumes as well as to 
particles of heavy metal salts: These substances are no 
doubt largely responsible for the fatal accidents which 
befall soap films. It occurred to the writer that it 
should be possible to make long-lived films using sur- 
face-active compounds not affected by small amounts 
of acid and other destructive agencies. The commer- 
cial product Aerosol O.T.,5 the surface activity of which 
was popularized by its*ability to sink a duck, was 
selected for experimental purposes. Aerosol O.T. is 
the dioctyl ester of sodium sulfosuccinate. 

Solutions of Aerosol O.T. of different concentrations 


1 Boys, C. V., “Soap Bubbles, Their Colours and the Forces 
Which Mold Them,” The Macmillan Company, New York, 
1924, 

2 Lawrence, A. S. C., “Soap Films,” G. Bell & Sons, Ltd., 
London, 1929. ‘ 

3 Cook, G. A., J. Chem. Educ., 15, 161 (1938). 

4 Ind. Eng. Chem., 35, 126 (1943). 

5 Manufactured by the American Cyanamid and Chemical 
Corporation, Stamford, Connecticut. 
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Large Floating Bubble From Aerosol-Sucrose-Glycerol Solution. 


were prepared. To test film strength a ring of heavy 
platimum wire, 8 cm. in diameter, was constructed. 
One end of the platimum wire was bent up over the 
center of the ring and served as a handle and as a means 
of hanging the ring in a horizontal position. The ring 
was dipped horizontally into the solution to be tested 
and then slowly withdrawn leaving a film stretched 
across the ring. The ring was then suspended horizon- 
tally on a glass rod clamped to a retort stand. The 
lifetime of the film was measured with a stop watch. 
Average lifetimes recorded are in all cases the average 
of ten or more trials. 

Solutions containing only Aerosol formed very weak 
films. The average lifetime of 8-cm. films made from 
2 per cent Aerosol solution was only 2.2 seconds. 
When 5 per cent Aerosol solution was used the lifetime 
of similar films increased to only 5.0 seconds. 

Since it is possible that the increase in the toughness 
of soap films by the addition of glycerol may be due in 
part to an increase in the viscosity of the films, it was 
decided to determine the effect of sucrose: on films 
formed from Aerosol solution. Sucrose has a pro- 
nounced effect on the viscosity of the solution with no 
large decrease in the vapor tension. As shown in 
Table 1 an increase in the viscosity of the films by the 
addition of sugar greatly increased their average life- 
time. An entirely unexpected result was also obtained. 
Films made from solutions containing 10 to 14 g. of 
sugar in 25 ml. of 2 per cent Aerosol had a sufficiently 
long life to allow the film to dry out. After drying out, 
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the films were essentially solid and there was no longer 
any movement within them though they retained the 


iridescent color patterns characteristic of thin liquid - 


films. In the solid form the films lasted almost in- 
definitely though they were quite fragile. 





TABLE 1 


G. sucrose added to 
25 ml. of 2 per cent 
Aerosol solution 





Average lifetime of 8-cm. 
film, seconds 





50.0 
Film solidified 
Film solidified 
Film solidified 


PNOWDORNH OO 
SSSCCOSOCONm 
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When a wire loop 3 to 4 cm. in diameter, attached to 
a handle, was dipped into the solution containing 12 g. 
of sucrose in 25 ml. 2 per cent Aerosol solution and the 
loop then waved through the air, large numbers of 
bubbles were formed. If these bubbles were kept sus- 
pended in the air for about one minute they dried out 
and would then roll along the floor without breaking, 
all the time retaining the beauty of a soap bubble. 

The effect of glycerol on the lifetime of films made 
from Aerosol solution is shown in Table 2. 





TABLE 2 





G. glycerol added to 
25 ml. of 2 per cent 
Aerosol solution 


Average lifetime of 8-cm. 
jilm, seconds 


2.2 
45 
95 

166 
239 
252 
202 
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It will be noted that the effect of glycerol is greater 
than that of sugar on the lifetime of these films since 
glycerol not only increases viscosity but also prevents 
drying out. These Aerosol-glycerol solutions were, 
however, of no value for blowing bubbles since the 
bubbles burst soon after they began to expand. The 
films, though stable, were unable to adjust themselves 
rapidly to stretching. 

Addition of both sugar and glycerol to Aerosol so- 
lution should produce a nondrying film of high viscosity. 
As shown in Table 3, the lifetime of films containing 
both of these substances is increased enormously, the 
increase being greater than the sum of the separate 
effects of sugar and glycerol. Here is a nice example of 
synergy. 
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While the average lifetime of 10-cm. bubbles made 
from solution No. 3 was 19.1 minutes, the longest-lived 
bubble lasted for 45 minutes. The average lifetime of 





TABLE 3 





Life of 
8-cm. 
film, 

minutes 


Ml. of 2 
per cent G. of ML. of 
Solution Aerosol sucrose glycerol 
No. solution added added 


1 25 14 5.0 6.1 
2 25 14 10.2 21.4 
3 25 20 13.5 141.0 


minutes 





19.1 





19.1 minutes for a 10-cm. bubble compares favorably 
with the average lifetime of 10 minutes for bubbles of 
equal diameter blown with triethanolamine solution as 
reported by Cook.* ‘ 

Solutions 2 and 3 (Table 3) containing sugar and 
glycerol produced films which were extremely elastic. 
Bubbles floating in the air could be largely deformed by 
sudden puffs of air. It was possible also to blow very 
large bubbles from these solutions. If a wire loop 16 
em. in diameter was dipped into a tray of solution and 
withdrawn so as to contain a film, floating bubbles 15 to 
18 inches in diameter were produced by waving the loop 
through the air. Substitution of dextrose for sucrose 
had no significant effect on the lifetime of the resulting 
films or bubbles though the films were, if anything, 
more elastic. 

When determining the lifetime of films in the open 
air, results vary from day to day depending in part on 
the relative humidity of the air. An attempt was made 
to study the lifetime of films under controlled humidity 
conditions by suspending the films under a bell jar 
standing in saturated solutions of various salts or in 
water. Such conditions, however, approach those re- 
quired for film immortality. For instance, an 8-cm. 
film which had an average lifetime of 2 minutes in open 
air lasted for more than three days in the quiet satu- 
rated air under a bell jar. Under these conditions it was 
next to impossible to determine difference in the tough- 
ness of films. 

Preparation of Solutions. To make 2 per cent Aerosol 
solution, 2 g. of the waxy solid Aerosol O.T. 100 per cent 
is added to 98 g. of distilled water in a flask. The flask 
is shaken from time to time over a period of twenty-four 
hours. The excess Aerosol (about 0.5 g.) over that 
required for saturation remains suspended in the 
solution. When sugar or glycerol is added to the 
solution the suspended Aerosol dissolves. 

The best solution for making solid bubbles contains 
12 g. of sugar in 25 ml. of 2 per cent Aerosol solution. 

For very elastic films and large bubbles 20 g. of either 
sucrose or dextrose and 13.5 ml. of glycerol are added to 
25 ml. of 2 per cent Aerosol solution. Gentle warming 
is necessary to bring the sugar into solution within a 
reasonable time. 
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THE NEED FOR A NEW APPROACH TO 
SCIENCE TEACHING: 


Somewnat more than a century ago science, under 
the protective coloration of natural philosophy, began 
to topple the classics from top place in the curriculum 
of the the liberal college. Reduced to the status of 
protected game, the classics are no longer an object of 
the chase. Riding high—and sometimes callously— 
through the curriculum, natural science has not only 
_ gained its share of big game, but has turned a defensive 
face on the recent proliferation of the social sciences. 

Like many a victor, science has been resting too long 
on its arms, taking too little heed of the inevitable prog- 
ress in intellectual weapons. Its victory came with the 
promise—and on the premise—that it offered a new 
approach to mental discipline—the scientific way of 
thinking. There are many who doubt that this promise 
is now being fulfilled; there are some who doubt the 
tenability of the premise. 

The difficulty lies largely in a confusion of purpose in 
the minds of teachers of science; together with a com- 
fortable desire on the part of some to maintain the status 
quo. Science teaching is now supposed to serve two 
dissimilar masters at one and the same time. Originally 
introduced as exercise in logical thinking, many science 
courses have, under the pressure of demand for technical 
training, become in fact training courses for technicians 
in which semblance of logical thinking has had to give 
way to the necessity of cramming fundamental facts, 
formulas, symbols, and principles into the absorbent 
cranial sponges of willing students. 

Granted this necessity, one cannot find irremediable 
fault with the basic science courses now being offered in 
our liberal colleges. But to say in the next breath—or 
the same—that these courses are also proper vehicles 
for exercise in the scientific method or for understanding 
science is to stretch intelligent imagination too far. 


SCIENCE SHOULD BROADEN VISION 


What is the function of the basic science course? Is 
it to lay the foundation for further technical work in the 
field, or is it to provide some understanding of science? 
If it is the one it can no longer do a respectable job on 
the other, in spite of reassuring statements to the con- 
trary appearing in many college catalogs. No one will 
deny the almost desperate need for men trained in 
science and technology today; few would deny, either, 
that such men need more extensive and intensive tech- 
nical training today than a generation ago. On top of 
all that, we need men who have a far broader vision in 


1 Reprinted from the December, 1947 issue of the Wiley 
Bulletin, published by John Wiley & Sons, Inc., New York, N. Y. 
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this day when science and technology hold keys to both 
destruction and progress. 

Somewhere in the liberal college we must continue to 
provide the basis for intensive training in science, but 
we can no longer hope extensively to complete that 
process in the undergraduate years unless at the same 
time we scrap the concept of a liberal education. It has 
been demonstrated time and time again that many a 
great scientist evolves from the background of a liberal 
education. The liberal college dares not abdicate this 
important function even though it may be in no position 
to carry it to completion in a day when advanced science 
and technology training are becoming dominantly 
centered in a few large institutions. 

If the liberal college is to continue to perform both 
functions, then it is more than high time that we stop 
trying to kill our two birds with one stone—or, to our 
own surprised discomfiture, we may actually find our- 
selves with two dead birds. Even with the great and 
desperate need for technical men and scientists, there is 
no reason to assume that any impressive fraction of the 
some two-and-a-half-million students now in college 
should—or could—receive such training. For the rest, 
certainly, the day has passed when we can say without a 
blush that a year of orthodox chemistry, or physics, or 
zoology represents the best training in understanding 
science a student can acquire. 

As a group—and with many notable exceptions— 
teachers of college science are inclined to be stubborn in 
the face of experiments looking toward greater unity 
and understanding in the presentation of science to non- 
science students. Their stubbornness arises in part from 
their love and enthusiasm for their own field—certainly 
a virtue. It arises in part from a complex, either of su- 
periority or inferiority (it makes little difference which 
it is called), that science as now taught cannot be im- 
proved upon by any mixing of the subject matter: that 
any attempt to destroy the “purity” of the subject will 
inevitably result in a spineless creature of inferior blood. 
Where curriculum committees have struggled to bring 
greater unity into the curricula of liberal colleges, the 
scientists have too often been the hold-outs. Or they 
have come in with mental reservations, unwilling, it al- 
most seems, to carry their vaunted experimental meth- 
ods of science over into the experimental problems of 
teaching science. Then there is the plain vested-interest 
objection to change, stemming from the present almost 
universal requirement—satisfying to the vanity of 
science teachers—that all students must elect some 
courses in natural science to satisfy requirement. 


* is 
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Many teachers of science have long looked down their 
noses at various efforts to “humanize” science, because 
they have regarded such attempts as mere watering- 
‘down for the students who could not “take it’’ straight. 
Virtuous as such an attitude may be—and correct in 
many instances—it does little to remedy the deplorable 
state in which this part of the teaching of science finds 
itself today. 

Science survey courses starting in the late ’20’s repre- 
sented, in most instances, an honest and sincere effort to 
provide some understanding of science without the 
trappings necessarily adhering to the more specialized 
courses. They were not without success even though 
cast off as bastards by many a teacher of science. With 
the persistence born of such illegitimacy they have 
gained strength and even respectability. Should they 
perish, as shock troops they will not have served in vain, 
because they have at least broken the compartmental- 
ized front in science teaching. In fact the enthusiasm of 
the moment for survey courses might easily lead to the 
conclusion that they are on the way up, not out. 

Survey courses, however, are subject to much the 
same weakness as orthodox science courses in that they 
are too likely to become the “Cook’s Tour” through 
science, and instead of pauses for liesurely exploration, 
they race through not only*one science but four or five. 
Furthermore, they, too, follow the phantom of symbols, 
formulas, and terminology, substituting the word for 
the spirit. Finally, they do little or nothing to capture 
an understanding of science or provide exercise in the 
scientific method. At best they are a sort of Reader’s 
Digest for the busy person unable or unwilling to take it 
full and straight. 

The teacher of science is often overly modest. From 
that stems part of his dislike for the survey or unified 
course. The chemist is willing to teach some simple 
physics and vice-versa, but neither admits the com- 
petence to teach geology or, in many instances, as- 
tronomy. The philosopher exhibits no such modesty— 
all of learning is his backyard. A little more of the dar- 
ing of the philosopher in the scientist and a little more of 
the caution of the scientist in the philosopher might 
provide a better leavened educational loaf. 

We have, indeed, reached a sad state of affairs in 
liberal education if the teacher is so highly specialized 
that he feels incompetent to teach the simpler elements 
in a related field of science. True, he may be no master 
of the related field, and he may not be able to answer all 
the questions asked, but if the staff is well selected he 
will have an “expert” associate to whom he can refer 
them—and he will learn more rapidly than he thinks 
once he has taken the plunge. 

However it may be taught and whatever its momen- 
tary popularity, the survey seems not the answer to the 
problem of teaching an understanding of science. It 
misses the point in attempting to provide coverage, to 
be smart and up-to-date and by substituting the word 
for the thought. In an effort to become academically 
respectable—tough enough to satisfy teachers of science 
that it has “diciplinary” value—it has brought back 
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much of the unnecessary trappings. In short, it apeg 
the orthodox courses too much. 


PROBLEMS SHOW MEANING OF SCIENCE 


If we can agree that the most important purposes of 
science courses for nonscientists are to present some 
understanding of what science can and cannot do, and 
how scientists go about finding out what can be done, 
and doing it—and since such ideas cannot be presented 
in a vacuum we may as well add another purpose to 
teach some of the facts and theories of science inci- 
dentally—then we are ready to consider ways of accom- 
plishing such aims. It is clear that the logical sequence 
of an orthodox science course must be discarded; that 
formulas, symbols, laws, and theories become incidental 
to the aims. These are probably the most difficult 
steps for science teachers to take; they fear a hodge- 


podge—and not without some real grounds. They fear, , 


equally, a course in the “appreciation” of science. 

The gross neglect of history in orthodox science 
courses today may be necessary since there is so much 
else to cover; nevertheless, it is to be greatly regretted. 
To neglect it in a course which attempts to provide some 
understanding of science and the scientific’ method is 
unthinkable. As President Conant of Harvard, has 
pointed out so well in his recent book, ‘On Understand- 
ing Science,” there are a number of important historical 
cases or topics in science which lend themselves ad- 
mirably to reinvestigation by the student. Nor is it so 
important just what problems or topics are used for 
exploration, so long as the student plays a major part in 
the exploration. Certainly they should not be classified 
as problems in physics or chemistry, or any other science 
discipline, but as problems in natural science which 
might start in one area and end in another. 

The approach to an understanding of science and the 
scientific method through the use of problems or topics 
is not new. The writer cut his milk teeth on such a 
course conducted by a teacher with vision beyond his 
times. But, in general, these courses have gained little 
impetus, largely because there was no respectable paved 
road to them and because most of us were still laboring 
under the delusion that an orthodox science course 
would, better than another, do the job for the non- 
scientist. j 

It is argued—and with justice—that a selected series 
of problems or topics in science leaves the student with- 
out any over-all picture of the field. Right! And today 
no nonspecialist student can hope to get a meaningful 
picture even of one science field, let alone all of them. A 
second objection often raised is that problems in science 
cannot be meaningful without a thorough background 
in science. 


STRESS ON BACKGROUND HIDES MEANING 


This cry is as aycient as academics themselves. 
Teachers prefer students with thorough backgrounds, 
and all too frequently spend such an inordinate amount 
of time laying the background that nothing else is 
accomplished. If scientists were to await the complete 








ba 
th 
ge 


th 
de 
is | 
wh 
wh 
un 


RE 


ten 
cor 
sci 
ter 
ant 
stu 
def 
pri 
the 
sol 
nee 
ple 
em] 
ana 


scie 
min 
and 
the 
ity 


Gral 
hydi 
The 
diffu 
caus: 
tube 
(Fig 
in Fi 
a M: 
stick 
inal 


1G 
1835- 








ION 


upes 


Ss of 
ome 
and 
one, 
ited 
2 to 
nci- 
om- 
nce 
that 
ntal 
cult 
Ige- 


ear, , 


nce 
uch 
ted. 
ome 
d is 
has 
und- 
rical 
ad- 
it so 
for 
rt in 
ified 
ance 
hich 


| the 
pics 
ch a 
| his 
ittle 
uved 
ring 
urse 
non- 


er'ies 
vith- 
yday 
gful 
eR 
ence 
yund 


Ives. 
nds, 
ount 
se is 
plete 








APRIL, 1948 


background of facts before taking a forward step in 
theory, the progress of science would be measured in 
geological time. At whatever level and in whatever 
field, problems in life must be attacked in the absence of 
the complete set of facts. What the nonspecialist stu- 
dent needs to know on the level of the intelligent citizen 
is how the problem got there, how it was attacked, and 
what major elements contributed to its solution and 
what it means to society. Sufficient background to such 
understanding can be acquired along the way. 


REQUIRES EXTENSIVE TREATMENT 


Obviously such a course is extensive rather than in- 
tensive and calls for wide reading both in historical and 
contemporary sources. Perhaps it is a course about 
science and not of science: I have no quarrel with the 
term, so long as it involves exploration by the student 
and does not serve merely to glorify science. The 
student must follow the pattern of false starts, mistakes, 
defeats, conflicts of personalities, human prejudices, 
pride and folly, as the original explorers encountered 
them; as well as the successes and glories involved in 
solving some scientific problems. Properly done there 
need be no fear of a watered-down course. There will be 
plenty for the student to do, and even to learn. But the 
emphasis is not on learning; it is on interpreting, 
analyzing, and judging. 

In many instances it is possible to pose a problem in 
science so that it creates a real conflict in the student’s 
mind. Let the teacher challenge the heliocentric theory 
and support the geocentric theory. The student knows 
the teacher is wrong, but he knows it only on the author- 
ity of former teachers. Let teacher and student then 
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explore the historical tenets of the geocentric theory. A 
surprisingly good case can be made for it in spite of 
flaws. A further study of the development of the 
heliocentric theory then takes on real meaning since it 
resolves the conflict, In fact, some students working 
on just this problem were after several weeks of in- 
vestigation, unsatisfied with the resolution of the con- 
flict. It took further exploration on their own to resolve 
it; the prime purpose of the educative process was thus 
accomplished! And what is just as important, the stu- 
dents discovered that the solutions to scientific problems 
do not come as they had once imagined, all béund up 
and correctly labeled in neat and complete packages. 


MUST START NEW TRAINING IMMEDIATELY 


If it is more important to have the college citizen 
understand what science is and how it operates than to 
expose him to technical training as a potential scientist, 
then it is time to throw off the mantle of aloofness and 
go to work as men of good will to accomplish that end. 
The stakes are higher than we think. Unless we attack 
the problem now on a wide front and with new experi- 
mental weapons of various sorts we may find science be- 
coming the whipping-boy of an otherwise intelligent 
public, a public bound to fear—and distrust—that 
which it does not understand. Such a result could re- 
tard the progress of science and through it society in a 
measure which all the training of potential scientist 
could not hope to balance. It is time to realize that the 
teacher of science in the liberal college has, not one job 
to do, but two, and the two are so far from having 
twinly character that the one can no longer be a casual 
mirror-image of the other. 


* AJQUANTITATIVE DEMONSTRATION OF 
GRAHAM’S LAW OF DIFFUSION | 


A wett-Known qualitative lecture demonstration of 
Graham’s Law of Diffusion! consists of a beaker of 
hydrogen inverted over a porous clay cup'containing air. 
The hydrogen diffuses into the cup faster than the air 
diffuses out; this produces a pressure within the cup, 
causing a water fountain, or pushing mercury in a U- 
tube to close an electrical circuit and ring a bell, etc. 
(Figure 1). 

A quantitative demonstration of this law is indicated 
in Figure 2. An ordinary constant level device such as 
a Mariotte flask is used in conjunction with a meter 
stick to determine the amplitude of the water jet issuing 
in a horizontal plane from a fine hole made in a glass tube 





'Granam, T., Trans. Edinburgh Soc., 1831-6; Phil. Trans., 
1835-54; Mem. Chem. Soc., 1843-48. 


LUIS F. LEROY 


University of Havana, Havana, Cuba 


‘connected to the bottom of a water reservoir (Figure 


2). From these data the velocity », with which the 
water flows out from the aperture under atmospheric 
pressure is easily calculated. 

Neglecting air resistance, given g the acceleration due 
to gravity, ¢ the time required for the water to fall the 
distance h (the height of the opening above the meter 
stick) then: 


t= V2h/g =k 


In this same time interval the jet-has advanced the 
distance 2 in the horizontal direction, thus: 


1 = 21/k 


If now the free end of the glass tube in the Mariotte 


. 
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flask is connected by rubber tubing to the glass tube of 
the porous cylinder, as indicated in the figure, the pres- 
sure of the gaseous mixture within it will be transmitted 
to the water; and the rate of flow of the jet will be in- 
creased in proportion to the diffusion rate of hydrogen 
with respect to air. In consequence a new value 22 
will be found greater than 2, and: 


ve = Xe/k 


The ratio v;/v2 = 2/22 gives us a quantitative test of 
Graham’s law. 

For the purpose of a lecture demonstration, several 
measurements should be made at different points of the 
parabola formed by the water flowing out from the 
Mariotte flask. It will then be found that the most 
coincident values of v are those which correspond to 
measurements of x taken about midway along the height 
of the curve. This is readily understood if attention is 
called to the fact that with too low values of h there can 
be but poor precision in measurements, due to small 
absolute values of h and x with the corresponding large 
relative errors. If too large values of h are taken, pre- 


: 2 ere: = 
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Figure 1 


cision is gained in its measurements, but it is entirely 
lost in the determination of x due to the loss in unifor- 
mity in the shape of the jet at such large values of x and 
the resistance of the air which should then be taken into 
consideration. Thus, making a selection from a series 
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of actual determinations of » made in a lecture demon- 
stration by the author himself, the following values can 
be presented: 


hk, = 5.3cm. a, = 16.3 cm. v, = 156.6 cm./sec. 
he = 9.5cm. t = 21.8 cm. ve = 156.5 cm./sec. 
hs = 12.0 cm. a3; = 24.5 cm. v3 = 156.5 cm./sec. 


which gives a mean value of v = 156.6 cm./sec. In 
these the values taken for h were always measured care- 
fully to + 1 mm. while the measurements along the zx 
axis were made to the nearest 0.25cem. Alsog = 978.8 
cm./sec. 

After connecting the free end of the tube in the 























Figure 2 


Mariotte flask to the hydrogen diffusion cell by means of 
a rubber tubing, 6 M HCl is dropped along the safety 
tube in the hydrogen generator and the water jet al- 
lowed to flow freely. The acid must be poured without 
interruption so as to fill the jar rapidly with Hz and keep 
it constantly full of hydrogen at ordinary atmospheric 
pressure. The water jet is seen then to advance along 
the meter stick placed horizontally just to a maximum 
value, which must be observed quickly; for in a few 


‘ seconds the water jet begins to move backward as 


equilibrium is approached. 

For inasmuch as the time interval t = +/2h/g is always 
the same for jets of different amplitudes in z, Graham’s 
law can be written, as applied to the apparatus set up: 


v/v. = 21/2 


Substituting actual experimental values found by the 
writer, 2; = 21.8 cm. (at atmospheric pressure) and x2 = 
50.0 cm. (hydrogen pressure) for h = 9.5 cm., we obtain: 
d = 0.0663 (air = 1). Actually, the value for the 
density of hydrogen compared to air is 0.06947. Tur- 
bulenee, gaseous impurities, etc., account for this dis- 
crepancy, which is small enough to allow for the prac- 
tical demonstration of Graham’s law. 
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A DIAGNOSTIC TEST ON THE MASTERY OF 


CHEMICAL CALCULATIONS 


Tue purpose of this diagnostic test is to determine 
the degree to which the student has failed to master the 
fundamental calculations of first-year chemistry and to 
make that degree apparent to the instructor so that he 
may correct the deficiencies by working either individu- 
ally or with the class as a whole. Much of the thinking 
in first-year chemistry is based upon certain fundamen- 
tal chemical calculations. For example, equations are 
used as a sort of chemical shorthand to express in a 
summary manner what would take a paragraph to de- 
scribe in longhand, and these in turn are the basis for the 
calculation of the straight-weight problem. Compre- 
hension, mastery, and correlation of these fundamentals 
eliminate the possibility of an endurance contest in 
which the student who does not possess a prodigious 
memory is bound tolose. Once the fundamentals have 
been presented to a class, it is imperative that the 
teacher make himself aware of any lack of under- 
standing. It is at this point that the diagnostic test be- 
comes significant. 

The examination and use of numerous standard and 
diagnostic tests failed to accomplish for instructor and 
student the two objectives which the writer felt should 
be met. They did not force the student to think about 
a single problem from several points of view, nor did 
they emphasize the negative results of the student’s ef- 
fort by stressing a teacher-analysis of errors. The 
strength of the present test lies in: (1) the necessity for 
the student integration of the information which has 


been presented in the form of basic types of problems, 


and (2) the teacher-participation which occurs in the 
analysis of the test results by checking on the record 
sheet of errors a complete summary of each individual’s 
errors, thus pointing out the areas upon which remedial 
teaching must be concentrated both for the individual 
and the group. 

A careful review of the entrance examinations given 
at the University of Massachusetts! in chemistry over a 
period of ten years and the College Entrance Board 
Examinations? over a period of fifteen years was made 
to find the essentials which should be included. These 





1 Unpublished tests given each spring as part of the qualifying 
examinations at the University of Massachusetts, Amkerst, 
Massachusetts. 

2 “College Entrance Board Examinations,’ Ginn and Com- 
pany, Boston, published annually. 
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For Eleventh and Twelfth Grade 
Students 
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were combined’ with a basic text, “Chemical Calcula- 
tions,” by Bernard Jaffe,? used in the classroom to pro- 
duce approximately fifteen types of fundamental prob- 
lems. The test was organized and given to a class of 
twenty-five boys and girls in grades eleven and twelve. 
Results of the first attempt indicated many weak spots 
and these were improved in a second form, also given to 
the class for further criticism. It came quickly, and the 
combined efforts of the instructor and students were in- 
corporated in the final forms which were revised from 
time to time. 

Form A of the test was administered after class in- 
struction in the mathematical calculations had been 
completed. An analysis of the record sheet of errors 
was made the basis for review and corrective work 
which varied, both in time and areas, with the classes. 
Form B was then administered and served as a check 
on student improvement as well as the effectiveness 
of instruction. 

The total possible score for either form of the test is 
fifty-two points, and the single score indicated after 
each question represents the number of basic steps 
necessary to the solution of the question. The total 
scores which students made on a given test were used to 
determine the class median and to set up a class distri- 
bution curve, both of which were kept for comparative 
purposes. The test is intended to be used as a measure 
of power, or lack of it, but should it be diverted to the 
use of obtaining a record-book grade the total score may 
be readily converted to a per cent evaluation. 

The record sheet of errors is a significant part of the 
test from the point of view of instruction. Student 
failures on all parts of the test are readily checked on the 
sheet, and reading the results will give a picture of good 
or poor instruction, as the case may be, as well as the 
pattern of failure in the class and among individuals. 
Poor results on the first major question, I, 1-12, should 

make one suspect that the student has tried to memo- 
rize the rules of valence as applied to formula writing 
without grasping the concept of the structure of the 
atom and the significance of the planetary electrons in 
the formation of the molecule which is basic to an under- 
standing of the calculation of the molecular weight of a 





8 Jarre, Bernarp, “Chemical Calculations,” World Book 
Company, Chicago, 1931. 
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substance. In the second major question, II, elements 
a and b bring out at once whether or not the idea of per 
cent, the relationship of the part to the whole, is under- 
stood. If it is not, the calculation of the simplest 
formula from percentage composition cannot be made 
in element c. Element d, calculation of the molecular 
weight, assumes the use of the Periodic Chart and 
simple arithmetical evaluation, but leads to element e 
and Avogadro’s law. As in e, Avogadro’s law and the 
significance of 22.4 liters is inherent in elements g, h, 2, 7, 
andk. Element f introduces Charles’ and Boyle’s laws 
which are important to the solution of elements g, weight 
of one liter of gas, and h, the determination of the true 
formula, for the reference to standard conditions. Fail- 
ure to find the specific gravity of a gas in element / should 
lead to a reexamination of the student’s comprehension 
of the relationship between the weight of one liter of a 
gas, its vapor density, specific gravity, and the calcu- 
lation of the molecular weight of a substance from any 
one of these factors. The major questions, III, IV, and 
V, are straightforward checks on the understanding of 
the weight-volume problem, straight-volume problem 
(Gay-Lussac’s and Avogadro’s laws), and the straight- 
weight problem. 

The improvement in comprehension and ease in han- 
dling chemical problems achieved through the use of the 
tests over a period of three years, more than justified the 
writer’s faith in them, as well as the belief that chemical 
calculations need not become a mental hazard to the 
high-school student. 


FORM A 


Diagnostic Test on the Mathematical Calculations of 
Chemistry 


I. Given the following valences, complete the chart with the 
proper formulas (one point each): 
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II. 150 grams of an oxide of nitrogen gave by analysis 104.36 
grams of oxygen and 45.64 grams of nitrogen. 2.054 
grams of the material vaporized at 750.1 mm. and 30°C. 
to produce 652.33 ce. 

a. What is the per cent of each element present in the 


oxide?..... S vate Gh tats sols neha Sea a. —— (1) 
b. —— (1) 
c. Find the simplest formula............. » Cc. —— (4) 
d. Give the molecular weight for the simplest 
RSM TIN ELE srsses ciohary ota cute ole mis fecale ss (aselgane ad. —— (1) 
e. If this is also the true formula, what would 
be the weight of one liter?............. e. —— (1) 
f. What volume would this gas occupy under 
standard conditions?................+. f. —— (8) 
g. What would be the weight of one liter of 
the gas under standard conditions?..... g. —— (2) 
h. What is the true formula?............... h. — (8) 


i. If the weight of one liter for the simplest 
formula is not the same as the weight of 
one liter from which the true formula is 
calculated, what does this tell you about 
PO AUTOR OU. 6 oi,05eveie.ors)+aaierecesdss t. — (1) 
Are the weights of each liter the same?..... j. — (I) 
Using the weight of one liter for the sim- 
plest formula, and the weight of one liter 
for the true formula, show how you would 
find the subscript figure by which the 
simplest formula must be multiplied to 
give the true formula.................4.— (1) 
l. What is the specific gravity of the gas?..... l. —— (1) 
III. If5 liters of CO. are produced by the reaction 


CS, + On bata CO, + 28 


what weight of carbon disulfide must be 

Ts) SR Par Ra roe ee Se Nets eee III. —— (5) 
IV. 25 liters of oxygen reacted with hydrogen sul- 

fide gas. Find the volume of sulfur dioxide 

resulting. 


2H.S a 30, ae 2H,O + 2S02. eee AY. a (5) 


V. Calculate the weight of chlorine prepared when 
500 grams of salt, containing 3 per cent im- 
purities, are used for electrolysis. 


>>. 
































2NaCl — 2Na + Ch......... Vv. —— (5) 
y —j] ~3 -3 
NO; SO. N PotalBrare..c eit a. cis AY ak oe Whe teste Reaeiszszer’ 
Au*3 (1) (5) (9) : ; 
Ca - (2) (6) (10) Acknowledgment is made to those former students in 
ea ial ta} ts} ti} the High School, South Hadley Falls, Massachusetts, 
whose interested efforts are incorporated in the test. 
RECORD SHEET OF ERRORS 
Class Date Form $ 
Student I II Total | Per Cent Total 
ZZ Names 1238466789101112\|abcdefghijgkl |II IV V =| Errors Errors Comment ; Score 
Total Class ate 
Errors 
Per Cent 
Class Errors 















































CHEMISTRY’ 


Av vue very start in the very first lecture it is impor- 
tant to emphasize the fact that electrical methods and 
electrical reactions are usually of decided advantage 
over older mechanical and chemical methods. A very 
convincing curve is the one for the cost of electricity 
over the period of the last twenty-five years as against 
the cost of labor. As the price of labor goes up with 
the years the price of electricity goes down. “Do it 
electrically” is the slogan to bear in mind throughout 
the course in electrochemistry. We divide our course 
into three chapters: (1) Reactions in Gases; (2) Re- 
actions in Solutions; and (3) Reactions in Fused Salts. 


REACTIONS IN GASES 


The electric discharge through gases is a most fasci- 
nating field of electrochemistry. Due to the student’s 
acquaintance with the radio tube he is interested from 
the start. Personally, we are convinced that, for ex- 
ample, the electric fixation of nitrogen will eventually 
be cheaper than any other fixation process. Even 
though the Bradley and Lovejoy process and its suc- 
cessor, the Birkeland and Eyde process, for the fixation 
of atmospheric nitrogen are not in use today, it is good 
to outline the processes briefly and point out the weak- 
nesses—why they failed commercially. But do not 
bring the session to a close without indicating the new 
developments i in the offing and emphasize the fact that 
nitrogen is not the inert gas of our freshman chemistry. 
A number of our best research electrical engineers have 
tackled the nitrogen fixation problem and it has been 
established beyond the slightest doubt that nitrogen is 
one of the easiest gases to fix in the electric discharge 
tube. A neon tube will glow for 3000 hours with its 
characteristic red color. Take out the neon and put 
nitrogen into the tube in its place and the nitrogen will 
glow for about 30 hours only and after that no current 
will pass through the tube because the nitrogen has dis- 
appeared. It has been “fixed’’; the tube has grown 
“hard.” William J. Cotton superimposes a high-fre- 
quency discharge upon the low-frequency discharge 
through nitrogen and turns out nitric oxide in quantity 
more than double the amount ever obtained by any of 
the older provesses for the same amount of electricity 
consumed, 


AQUEOUS ELECTROLYTES 


Most of the students in our classes in electrochemistry 





1 Address delivered at the luncheon of the Division of 
Chemical Education, at the 112th meeting of the American 
Chemical Society, September, 1947. 
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have attended courses in physical chemistry. Unfor- 
tinately their experience has been confined to very 
dilute solutions—so dilute that you can hardly detect 
by taste the presence of any salt. The laws of these very 
dilute solutions do not, in general, apply to the solutions 
employed in applied electrochemistry. 

A hundred books have been published on dilute solu- 
tions but not a, single acceptable volume on concen- 
trated solutions. The simple relation PV = RT 
breaks down for concentrated solutions. The aqueous 
solutions we meet in electrometallurgy frequently are 
so concentrated that a 10-degree drop in temperature 
will cause one or another salt to crystallize out—a very 
disturbing factor when it does occur in any electro- 
chemical process. Aqueous solutions with but one 
constituent are practically never encountered in prac- 
tice. On the other hand, the student must appreciate 
from the start that recoveries are not to be confined to 
the main product, say copper, but must include a num- 
ber of by-products, such as silver, gold, platinum, ar- 
senic, and selenium in the copper-sulfate electrolyte. 

Our approach to the electro-hydrometallurgy of cop- 
per, zinc, nickel, and many other metals is that of a 
problem to be tackled and solved by the class. For ex- 
ample, take the electro-winning of copper from the 
Chuquicamata copper ore assaying 1 per cent copper. 
A number of problems had to be solved: supply of 
water, power, engineers, low-cost insoluble anode and 
new ideas. : 

The mountain of ore is situated in the desert not far 
from the Chile nitrate deposits. The mineral is largely 
brochantite, a basic copper sulfate. This fact was one 
of the most fortunate items in the many problems con- 
fronting the chemical engineers. Sulfate solutions have 
been used in chemical factories for many years and sul- 
fate-resistant equipment is available in various forms 
and appliances—tanks, launders, pipes, pumps, etc. 

As you present one problem after another to the class 
you will find eonsiderable rivalry in suggesting the de- 
sired solution. Eventually when the complete process 
has been presented and discussed the class then appre- 
ciates the “whys and wherefors”’ of various procedures. 


TERMINOLOGY 


The world-wide accepted terminology of electro- 
chemistry is usually not accepted by students without a 
struggle. Thus the designation of the electrodes of a 
cell often causes confusion. Accordingly, we have 
made it a point to define the terms in several different 
ways. For example, the cathode is that pole or elec- 
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trode: 1, that emits electrons; 2, to which positive 
charged ions migrate under the influence of the electric 
current; 3, at which metals are deposited; 4, at which 
hydrogen is evolved; 5, at which reduction takes place; 
6, at which negative charged hydroxyl ions (OH~) are 
formed; 7, that has an alkaline surface film. 

Definition 1 is usually approved by the class without 
hesitation. This is attributable to familiarity with the 
operation of the radio tube. 

Definitions 2, 3, and 4 are admitted by the students 
to be correct. 

But definition 5 leads to a little confusion because 
only a small proportion of the class can visualize reduc- 
tion without hydrogen. 

Even more confusing are definitions 6 and 7. That 
the surface of the cathode has an alkaline or hydroxyl 
film, hydroxyl ions with negative charges, seems def- 
initely preposterous. So, rather than discuss the dis- 
sociation of water and the accumulation of hydroxyl 
ions (with negative charges) at the cathode, a few experi- 
ments will clear up the situation in shorter time than a 
series of drawings on the blackboard. In the first 
experiment current is passed through a 1 g./L. sulfuric 
acid solution using platinum electrodes. Hydrogen is 
shown to be evolved at the cathode and oxygen at the 
anode. By means of potassium-iodide paper the 
polarity is easily established and the iodine stain on the 
paper at the anode can be seen by the whole class. We 
next proceed to show the presence of a layer of hydroxy] 
ions (OH~) at the cathode. This is done very simply 
by adding a drop of phenolphthalein solution to the 
sulfuric acid solution. Upon electrolysis the reddish 
layer of solution next the cathode surface is readily 
visible. 

Another experiment performed in class to establish 
the presence of the hydroxy] layer next to the cathode is 
the electrodeposition of gold from very dilute chloride 
solutions. We use a rotating nickel disc. When this 
is stationary no gold deposit appears upon electrolysis. 
But when the disc is rotated at high speed a bright 
deposit appears. Theinterpretationis simple. Rotat- 
ing the cathode, the hydroxy] film is reduced to a mini- 
mum and gold ions reach the cathode surface. 


THE LAWS OF FARADAY 


Considerable time is devoted to demonstrations in 
support of Faraday’slaws. These laws are most funda- 
mental and apply to aqueous solutions as well as to 
fused salt baths. It is most important for students to 
appreciate the exact relation between the total electric 
current that has passed through a cell and the weight of 
cathode and anode products. There are but few dis- 
coveries in the physical science field that can compare in 
revolutionary effect and world-wide importance with 
the electrochemical discoveries of Faraday. For dem- 
onstration purposes we use the coulometers, in particu- 
lar the copper coulometer. The copper coulometer, 
we can show, always gives lower values than the silver 
coulometer. But there is a means by which the results 
from the two coulometers may be made identical. This 
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experiment introduces to the student (almost always for 
the first time in his career) the measurable effect of dis- 
solved oxygen in the electrolyte, obtained from the air 
in contact with the electrolyte. For years he may have 
studied properties of solutions, and simply because he 
could not easily detect the presence of oxygen in his 
electrolytes he, like thousands of others, has ignored it. 
In the case of the copper coulometer we can eliminate 
(or almost so) the effect of dissolved oxygen by the ad- 
dition of a substance more readily oxidized by dis- 
solved oxygen than the cuprous ion (Cut). The re- 
agent usually added to the copper coulometer is ethyl- 
alcohol. To be sure, this is not a direct method for 
detecting the oxygen. Another indirect method is the 
preparation of cuprous chloride crystals in the absence 
of air and moisture. The salt obtained is white. Now 
admit a little air and the mass of crystals turns green. 

These class demonstrations indicate very forcibly the 
difficulties encountered in the electrodeposition of 
magnesium and aluminum from aqueous solutions. 
And yet, these difficulties are practically overcome upon 
eliminating most of the dissolved oxygen by substitut- 
ing an organic solvent for the aqueous solvent, the 
magnesium and aluminum salts. Beautiful bright 
crystalline metal deposits of magnesium and aluminum 
are then obtained. 

Returning to the laws of Faraday, there is one ques- 
tion that arises perennially and persistently and that is, 
“What voltage am I to apply to my cell used to demon- 
strate the laws of Faraday?” This leads to a discussion 
of the decomposition voltage and a discussion of the so- 
called ‘‘standard” potentials. A few experiments per- 
formed in class soon clarify a rather puzzling conception 
and interpretation. What surprises most students is 
that the polarity of a metal electrode can be either 
cathodic or anodic. In an alkaline solution tungsten is 
anodic and copper cathodic, whereas in an acid solution 
copper is anodic and tungsten cathodic. Similarly, in 
a cyanide solution gold is anodic and iron is cathodic. 
Is there such a thing as a standard potential? 


FUSED ELECTROLYTES 


The laws of Faraday apply rigidly to the fused salts. 
The cathode product is crystalline, as in aqueous elec- 
trolytes and organic electrolytes. Class demonstra- 
tions with fused silver nitrate are easily carried out. 
Beautiful silver crystals are obtained. A recent dis- 
covery in our laboratory is the presence of a cathode sur- 
face film in fused electrolytes. 
metal film. The thickness of this film is regulated and 
controlled by voltage, current density, and bath tem- 
perature. The surface film must not be too thick nor 
too thin. The findings are very similar to those we dis- 
covered for the essential hydrogen film in the case of 
chromium plating from aqueous solutions: “‘The atomic 
chromium hydrogen film must not be too thick nor too 
thin.”” We found that the conditions for bright chro- 
mium plate are readily obtained if the sulfate concentra- 
tion is maintained at a ratio of about one to a hundred 
of chromate ion. That very similar conditions prevail 
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in the case of fused salt baths was most gratifying. 

It is well to emphasize that fused salts are simpler 
than salts in aqueous solutions. Dissociation is usually 
near 100 per cent. Complex formation is unusual. 
Cathode deposits are purer. The three commercial 
metals produced by fused electrolytes are the cheapest 
metals (per unit volume) next to iron: sodium, magne- 
sium, and aluminum. It is possible to produce sodium 
metal without the aid of electricity, and this sodium 
metal can be used to produce aluminum metal without 
the aid of electricity. But these processes are no longer 
used commercially since electrochemical methods are 
so very much cheaper. Furthermore, products can be 
turned out electrochemically which are impossible by 
older-methods based on coal or oil heating or based on 
simple chemical reactions. 


CATHODE CRYSTALS 


One of the most fascinating and intriguing phenomenon 
in electrochemistry is the formation of crystals of metals 
upon the electrodeposition of these metals from any one 
of several types of electrolytes; aqueous, fused salt, 
organic, gaseous, etc. The underlying crystallization 
forces are very pronounced and metal crystals may be 
made to grow to almost any large size providing the 
solution is kept free from growth-interfering consti- 
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tuents, such as glue and certain other colloids. An- 
other interesting observation is the change in crystalline 
structure when depositing one metal onto another. 
The crystal forces active in the first or basis metal will 
make the second or outer metal assume the same crystal 
shape as that of the basis metal. A crystalline deposit 
at the cathode is the usual and natural occurrence. An 
amorphous metal deposit is practically nonexistent. 
From all of our observations a metal ion upon discharge 
at the cathode forms a unit colloid metal particle and, 
this in turn is quickly (almost instantly) transformed 
into a unit metal crystal. At times it may be desirable 
to produce relatively fine crystals, as in the electrolytic 
parting of gold from silver, or in the electrodeposition of 
tin. Certain additions to the solution are necessary. 
These facts can be easily demonstrated in class. 

In closing, may we say that it is much more impor- 
tant to drive home a few basic principles in electro- - 
chemistry than to have students try to memorize dozens 
of relatively inconsequential facts. Stress the marvels 
of electrochemistry. Arouse and establish the student’s 
interest in electrochemistry; get it firmly rooted in his 
mind and it will remain with him forever, no matter 
what division of science or technology he makes his life 
work. He will find frequent occasions to apply one or 
the other of the principles of electrochemistry. 


IMIIONI 


“Bromine and Bromine Products” is the title of a 
new publication released by The Dow Chemical Com- 
pany, of Midland, Michigan, for distribution to persons 
desiring technical data on bromine and more than 100 
bromine products. 

Both organic and inorganic compounds are dis- 
cussed, including products so newly developed that they 
are available only in laboratory quantities at the present 
time, as well as the readily available line of heavy 
chemicals. The data are prefaced by a short history of 
bromine and Dow. 


& Steel Vacuum Flasks 


Open stainless steel Dewar flasks which feature new 
principles of construction are being distributed ex- 
clusively by Scientific Glass Apparatus Company, Inc., 
of Bloomfield, New Jersey. These double-wall vacuum 
flasks contain a unique radiation shield which limits 
movement of heat rays through the evacuated space. 
Metal vacuum flasks are used with dry ice, liquid air, 
or other liquefied gases, or any extremely cold material. 
Suggested applications include shrink-fitting of métals, 
as the container for the freezing medium used with the 
trap on vacuum pumps, or in jet or rocket fuel research. 





2 Church Bells 


A new method of producing the sound of church 
bells by the use of a two-ounce General Electric Alnico 
permanent magnet has been devised by Liberty Caril- 
lons, Inc., of New York. 

Designed to capture the inaudible vibration of the 
‘belltones when they are created by the blow of a small 
metal clapper upon the belltone bar, the sintered 
Alnico 5 magnet helps produce a greater electrical 
impulse for a given amplitude of vibrations and thus 
feeds a greater signal into the amplifier. These vibra- 
tions are then sent through an extra high fidelity 
enhancement system from which they are transmitted 
to super-powered belfry stentors and then exploded 
with the realism of a great bell being struck. 

The General Electric subassembly consists of an 
Alnico 5 permanent magnet 1/; in. X 5/s in., magne- 
tized throughout its length and wound with approxi- 
mately 50 turns of copper wire. This magnet is in- 
serted in a nickel-plated brass tube and filled with a 
plastic compound. 

Located just below the point of the blow of the metal 
clapper, the G-E subassembly lifts the initially in- 
audible vibrations from the tone bars and passes the 
electrical impulses along to the amplifiers. 





INDUSTRIAL ADVERTISING AS A SOURCE OF 
INFORMATION 


Since rae publication of an article with this title in 
September of 1944, in Tuis JourNAL, there have been 
some excellent additional sources of pertinent informa- 
tion made available to the teacher. 

In Local Section Chats Number 104, an informative 
bulletin from Alden H. Emery, Secretary of the Ameri- 
can Chemical Society, appears this statement: ‘Have 
you noticed how much of the advertising in the A.C.S. 

‘publications is chemically informative. One famous 
chemist reads the advertising first because it gives him 
much new information briefly. Specifications, prop- 
erties, uses, and typical reactions of new chemicals are 
frequently presented.” 

Not only are these advertising layouts valuable but 
many of these manufacturers publish booklets, pamph- 
lets, and bulletins that explain more in detail their prod- 
ucts, processes, and equipment. As advertising and 
sales budgets are usually large, this information is often 
vastly superior to our texts. Of course, some of the 
literature goes more into detail on some operations than 
one normally would require; but when more supple- 
mental data are needed you may have it at your finger- 
tips, in your file. Also this information is free. Usu- 
ally a request on your letterhead will be sufficient to 
insure receipt of the desired pamphlet as well as other 
information from the company. ° 

In the following list of sources of information about 
various topics some are outstanding in their coverage of 
the field. 

A pamphlet, “Hydrogen, H,”’ by the Gas Processes 
Division of The Girdler Corporation discusses in excel- 
lent style the processing problems in hydrogen produc- 
tion and its uses with far greater clarity, conciseness, 
and ease of reading than almost any other source book 
on this element. 

The Educational Department of the Aluminum Com- 
pany of America long has been making new develop- 
ments as well as the old story of their chief product into 
very satisfactory pamphlets. “Aluminum in The 
Chemical Industry,” “Aluminum, Its Story,” and “An 
Outline of Aluminum” are samples. 

The Monsanto Chemical Company’s publication, 
“‘Phosphorus—the Light Bearer,’’ will shed considerable 
light on that element. 

The Columbia Chemical Division of Pittsburgh 
Plate Glass has an unusual booklet, “NaOH,” with 
voluminous data and information on caustic soda, 
even to the advantage of purchasing concentrated 
forms rather than paying freight rates on water. 

A considerable amount of information on lithium and 
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its compounds can be obtained from The Foote Mineral 
Company, where other sources of information on this 
element fail. 

The problem of water treatment and conditioning is 
extremely well covered in The Permutit Company’s 
booklet, ‘“‘Water Conditioning, Data Book.” They 
also have an excellent demonstration outfit which will 
show the effectiveness of a water softener. 

In the field of organic chemistry there are several 
booklets and pamphlets that are exceptional. ‘‘Noth- 
ing Takes the Place of Glycerine, 1583 Ways to Use It’’ 
by The Glycerine Producers Association is excellent. 

The Dyestuff Division of E. I. du Pont de Nemours 
has some fine information on dyes as does the Organic 
Chemical Division although they are limited in availa- 
bility. Any particular request will bring some answers 
to your question, however. 

If you are interested in applications of fiber glass The 
Owens-Corning Fiberglas Corporation has some excel- 
lent source material in ‘“This is Fiberglas” and “Fabrics 
of Glass.”’ 

The author has made contacts with all the firms 
listed below and has found that they have all the listed 
information available. These companies also have 
additional] literature and in all cases will be glad to serve 
you in any way they can. 


INORGANIC 


Titles Sources 


Sandpaper, Its How and Why 

Coated Abrasives and the Plas- 
tics Industry 

A Lecture Course on Coated 
Abrasives 

Aluminum, Its Story 

Aluminum in the Chemical In- 
dustry 

An Outline of Aluminum 

The Amazing Electron 


Educational Department, 
Behr-Manning, Division of 
the Norton Company, 
Troy, New York 


Aluminum Company of 
America, Gulf Bldg., Pitts- 
burgh 19, Pennsylvania 


Electronic Corporation of 
America, 45 West 18th 
Street, New York 11, New 
York 

School Service, Westinghouse 
Electric Corporation, 306 
4th Avenue, Box 1017, 
Pittsburgh 30, Pennsyl- 
vania 

McGraw-Hill Publishing 
Company, 330 W. 42nd 
Street, New York 18, New 
York 

The Ruberoid Company, 500 
5th Avenue, New York 18, 
New York 


The World Within the Atom 


The Atom—New Sources of 
Energy 


Asbestos, the Silk of the Min- 
eral Kingdom 
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Hydrogen, H, 


Volclay and Bentonite 


Synthetic Sapphire, Ruby and 
Spinel 


Celite, filters, extender pig- 
ments 

Celite, filter aids and mineral 
filters 

This Is Fiberglas 

Fabrics of Glass 

The Case of Material X 

Coated Fiberglas Fabrics 

Silica Gel, Its Use as a De- 
hydrating Agent 


Graphite, properties, uses, etc. 


Lithium, metal and compounds 


Phosphorus, the Light Bearer 
(27th edition of catalog on 
chemicals and plastics, with 
list of pamphlets on spe- 
cialty products) 

Radioactivity and Tracer in- 
formation ’ 

Sodium Hydroxide, Columbia 
Caustic Soda 

Caustic Ash 

Soda Ash 

Modified Sodas 

Calcium Hypochlorite 

Pitticide, bactericide, germi- 
cide, disinfectant 

Chlorine 

Sodium Bicarbonate 

Calcium Chloride 

Water Conditioning, Data 
Book (also demonstration 
outfit) 


The Girdler Corporation, Gas 
Processes Division, Louis- 
ville 1, Kentucky 

American Colloid Company, 
363 West Superior, Chicago 
10, Illinois 

Linde Air Products Company, 
Unit of Union Carbide and 
Carbon Corp., 30 East 42nd 
St., New York 17, New 
York 

Johns-Manville, 222 North 
Bank Drive, Chicago 54, 
Illinois 


Owens-Corning Fiberglas 
Corp., 718 Fifth Avenue, 
New York 19, New York 


Davidson Chemical Corpora- 
tion, Silica Gel Dept., Balti- 
more 3, Maryland 

Acheson Colloids Corpora- 
tion, 1019 Broad Street, 
Newark 2, New Jersey 

Foote Mineral Company, 500 
Germantown ‘Trust Co. 
Bldg., Philadelphia 44, 
Pennsylvania 

Monsanto Chemical Com- 
pany, 1700 South 2nd St., 
St. Louis 4, Missouri 


Tracerlab, 55 Oliver Street, 
Boston 10, Massachusetts 
Pittsburgh Plate Glass Com- 
pany, Columbia Chemicals 
Division, 5th Avenue at 
Bellefield, Pittsburgh 13, 

Pennsylvania 


Permutit Company, 330 West 
42nd Street, New York 18, 
New York 


ORGANIC 


Nothing Takes the Place of 
Glycerine, 1583 Ways to Use 
It 

Fluid Progress (Catalysts) (in 
limited number) 


Harnessing the Rainbow (and 
others on dyes) 


Glycerine Producers Associ- 
ation, 295 Madison Avenue, 
New York 

M. W. Kellogg Company, 225 
Broadway, New York 7, 
New York 

Dyestuffs Division, Advertis- 
ing Department, E. I. du 
Pont de Nemours & Co., 
Inc., Wilmington 98, Dela- 
ware 





Organic Chlorine Compounds 

Organic Nitrogen Compounds 

Products and Processes of the 
Divisions and Units of Union 
Carbide and Carbon Corpo- 
ration 

Physical Properties of Syn- 
thetic Organic Chemicals 

Emulsions, 7th Edition 

Some information on various 
organic chemicals available 
in limited amounts 


Streptomycin, Engineered into 
Commercial Production 


What do you see in C MC 


A Trip Through Hercules Land 


Hercules Products 
Cellulose Thermoplastics 
Parlon, Hercules Chlorinated 


Rubber 
Hercules Nitrocellulose 
Hercules Ethyl Cellulose, 
formulations 


Hercules Ethyl Cellulose, prop- 
erties and uses 

Hercules Cellulose Acetate, 
properties and uses 

Terpenes and Related Products 

Hercules Pale Wood Rosins 

Chemurgy and the Cow 


Amberlite in Exchange Resins 
Aerosol, Wetting Agents 


Armeens and Armacs (wetting 
agents) 

Fatty Acids 

Atlas Spans and Tweens (sur- 
face-active agents) 

Mannitol 

Sorbitol 

Emulsifiers 

Drug and Cosmetic Emulsions 

Electricity in the Chemical In- 
dustry 

The Story of Research 

Research in Action 


Adventures in Vacuum Chem- 
istry (and other information 
on vacuum distillation) 

Inside the Atom 
Science Guide No. 120. 25 

cents 
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Carbide and Carbon Chemi- 
cals Corporation, 30 East 
42nd Street, New York 17, 
New York 


Fine Chemicals Division, 
Organic Chemicals Depart- 
ment, E. I. du Pont de 
Nemours & Co., Inc., Wil- 
mington, Delaware 

Merck & Company, Inc., 
Manufacturing Chemists, 
Rahway, New Jersey 

Cellulose Products Depart- 
ment, Hercules Powder 
Company, Wilmington 99, 
Delaware 


Sheffield Farms Company, 
Inc., Chemurgic Division, 
524 West 57th Street, New 
York 19, New York 

Resinous Products and 
Chemical Company, Wash- 
ington Square, Philadel- 
phia, Pennsylvania 

American Cyanamide and 
Chemical Corporation, 30 


Rockefeller Plaza, New 
York, New York 
Armour & Company, 1355 


West 31st Street, Chicago 
9, Illinois 

Atlas Powder Company, In- 
dustrial Chemicals Dept., | 
Wilmington, Delaware 


General ; Electric Company, 
Schenectady, New York 


Battelle Memorial Institute, 
Columbus, Ohio 

Distillation Products, Inc., 
755 Ridge Road West, 
Rochester 13, New York 

American Museum of Natural 
History, Central Park West 
at 79th, New York 24, 
New York 


**4ll these achievements of science, and many more, have resulted from a few funda- 
mental discoveries made by a mere handful of men in laboratories and classrooms—only 
a handful of men, usually ill paid and often compelled to work under heavy handicaps 


imposed by a careless society,’’—President Valentine of the University of Rochester. 





& SIMPLE DEMONSTRATION POLAROGRAPH 


Tue revative virtues of the “bread board” versus 
the more compact ‘closed box” type of construction 
have been too thoroughly discussed in the past to 
justify their consideration here. With respect to 
polarographs, an excellent example of the former type 
of construction is the circuit of Miiller described in 
Tuis JouRNAL.! On the other hand, a compact, 
self-contained, “boxed” instrument is preferable in 
many respects when actual student exercises in quanti- 
tative polarographic analysis are to be performed. 
The apparatus to be described fulfills the need for a 
simple, rugged, and portable instrument. It neces- 
sarily involves compromises in certain respects. Thus, 
the employment of a microammeter: in place of a 
galvanometer leads to a decrease in sensitivity which 
limits the usable range of the instrument to the rela- 
tively higher concentrations of ions. Similarly, the 
use of a small circular voltage divider will obviously 
not permit the same precision of voltage settings as is 
obtainable with a divider of meter-stick length. On 
the other hand, the instrument has a finished, pro- 
fessional appearance and is readily transportable to the 
bench top of the individual user. It is sufficiently 
rugged for student use, and replacement parts are 
relatively inexpensive. 

The essential elements of the circuit will be evident 
from the diagram of Figure 1. The choice of the 
current-measuring meter will obviously be determi- 
native as regards the usable range of the final instru- 
ment. The largest size microammeter which is readily 
available and sufficiently rugged (functions in vertical 
mounting) for the present purpose is an 8!/2-inch 
meter of 50 microampere range. On the other hand, 
the available 41/2-inch meters in 20 or 25 microampere 
ranges give the same sensitivity. The 4'/2-inch, 50 
microampere instrument specified on the circuit dia- 
gram is about the coarsest usable meter. The range 
and internal resistance of the meter will, of course, 
determine the values of the shunt resistors. With the 
meter and shunt shown on the diagram three current 
ranges of 50, 100, and 200 microamperes are available. 
Condenser-damping (for the oscillations due to drop 
formation) of the meter is a considerable convenience 
in reading.* 

The feature of counter-current compensation extends 
the usefulness of the instrurnent but may be omitted 
for simplicity. This feature permits the determination 

1 Mvuer, O. H., J. CHEM. Epvc., 18, 111-5 (1941). 


2 LINGANE, J. J.,. AND H. KERLINGER, Ind. Eng. Chem., Anal. 
Ed., 12, 750-2 (1940). 
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Purdue University, Lafayette, Indiana 
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Figure 1. Circuit Diagram. 


Bi, 2-Burgess 4FH cells; B2, 1-Burgess 4FH cell; 
R1, 100-ohm rheostat; R2, 10-ohm rheostat; RS, 20- 
ohm potentiometer; Rm, 1500-ohm meter resistance; 
R4, 1500-ohm precision resistor; R5, 500-ohm preci- 
sion resistor; 26, 10,000-ohm rheostat; R7, 100-ohm 
potentiometer; V, 0-3 or 0-5 voltmeter; UA, 41/2 
inch, 0-50 microammeter; C, 1000-microfarad, 6- 
working volt, dry electrolytic condenser; Sw 1, 
single-pole, single-throw switch; Sw 2, double-pole, 
double-throw switch; Sw 8, 3-position, single-pole 
rotary switch; Sw 4, double-pole, single-throw switch; 
JP, jack and plug leads for electrode connections. 


of small amounts of one ion at a proper sensitivity set- 
ting of the shunt, despite the presence, in relatively 
larger amounts, of another, more easily reducible ion.? 
The polarity-reverse switch permits the running of 
an anodic oxidation followed by a cathodic reduction 
without the necessity for reversing the external elec- 
trode leads. This feature, also, is obviously expendable 
if one desires the maximum in simplicity of construction. 
The “on-off” switch for the main circuit may be con- 
veniently incorporated with the 100-ohm resistor as 2 
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Figure 2. General View of Instrument. 


“cover-plate”’ type of switch. The 10-ohm “fine- 
adjustment”’ resistor is a worth-while convenience in 
obtaining exact voltage settings but could be 
omitted. The voltmeter may be of a relatively inex- 
pensive make but should not be of the very cheap 
vane-repulsion variety. This type of meter will be 
found absolutely useless in the presence of the strong 
magnet of the microammeter. 

The voltage divider slide wire may consist of any 15- 
or 20-ohm, linear taper, radio potentiometer whose 
effective electrical rotation matches the scale divisions 
of an available dial plate. The dial plate is most 
conveniently graduated in 0 to 100 divisions, and should 
be at least 3 inches in diameter. Such an assembly 
will suffice for most practical purposes, but leaves much 
to be desired in the way of accuracy. It is a relatively 
simple matter, however, to hand-wind a potentiometer 
wheel of any requisite accuracy. 


IMCIONI 
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A flange-mounted rod for holding the mercury res- 
ervoir is mounted atop the cabinet. An adjustable 
clamp mounted on one side of the cabinet is convenient 
for holding the polarographic cell. The mounting and 
insulation of all components is greatly facilitated if the 
steel panel at the front of the cabinet is replaced with 
a Masonite panel. 

The appearance of the finished instrument is shown 
in Figure 2. The total cost of all components when 
purchased from a large radio supply house is approxi- 
mately $25. On the other hand, the microammeter 
alone will cost about $30 if purchased at the manu- 
facturer’s list price. 

The usable concentration range for an instrument 
having a sensitivity such as to make curve inflections 
of 1 microampere readable and with shunts to give a 
meter range up to 500 microamperes is approximately 
5 X 10-7? M tol X 10-* M. 

Excellent curves for the cathodic reduction of Cu, 
Pb, Tl, Cd, Zn, Cr, and nitrate ions have been obtained 
using this instrument. Anodic oxidation curves for 
chloride ion and quinone have been obtained. 

Figure 3 gives the calibration curve obtained for Cd 
ion showing the actual experimental points. For 
student exercises designed to yield the maximum 
results in a minimum of time, “‘one-point”’ calibration 
curves may be used; 7. e., the diffusion current for a 
single, relatively high, concentration of an ion is de- 
termined and plotted using the point, zero-current at 
zero-concentration and assuming a straight-line rela- 
tionship. Thus, for example, the student may run 
standard Cd and Zn solutions of 5 X 10-* M concen- 
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tration and then proceed at once to an unknown 
mixture containing Zn and Cd ions in concentrations of 
approximately 2 X 10-* M. Results of plus or minus 
5 per cent accuracy are obtainable by such a simple 
expedient. 


IMCIONI 





MAKING TECHNICAL REPORTS 
UNDERSTANDABLE’ 


Liorp Rayuetcu is said to have been one of the first 
scientists to point out the fallacy of assuming that 
once a bit of technical information has been written, 
it is “known.”’ Information can be so described only if 
the back of the old envelope, the stone tablet, the 
paper, or the report on or in which it appears is 
both available and understandable. 

Making and keeping technical reports available is 
today a problem of increasing complexity, involving 
all the complications inherent in the bibliographic 
control of written and printed information in any 
rapidly expanding field. Making technical reports 
readable and understandable—the topic of this paper— 
is equally important; availability without under- 
standability gives a report a degree of vitality 
equivalent to that possessed by “faith without works.” 

A discussion of the understandability of technical 
reports should, perhaps, be prefaced by some considera- 
tion of the more fundamental problem of whether 
technical reports are worth writing at all. Do they 
warrant the time, effort, and expense required to 
prepare them in readable, presentable form? To be 
convinced that this question deserves an affirmative 
answer, it seems to me, one need only ask and answer 
the further query, “What does a research laboratory 
produce?” In an automobile factory, labor, and raw 
materials are consumed and automobiles come off the 
assembly line (I refer, of course, to the classical or 
theoretical automobile factory). The research labora- 
tory assembly line delivers a certain number of ma- 
terial objects and prototype gadgets, but certainly 
its major product is increased knowledge packaged 
for the ultimate consumer in the form of technical 
reports. Consequently, a technical report that no one 
can understand has essentially the same value to its 
recipient—and the same effect on the reputation of the 
organization which produces it—as an automobile that 
no one could drive would have. 

A major objective of science is the discovery of a 
relatively small number of fundamental principles in 
terms of which large numbers of experimental facts 
or natural phenomena, at first apparently unrelated, 
can be described or explained. When I adopt a similar 
approach in trying to analyze and relate the numerous 
specific shortcomings that turn up in first, and too 
often in final, drafts of the technical reports I read 





1 Revision of a paper presented before a Conference on the 
Administration of Research held by The Pennsylvania State 
College, October 6-7, 1947. 


DWIGHT E. GRAY 
hoo Johns Hopkins University, Silver Spring, Mary- 
an 


(and write), I always seem to arrive at the same basic 
principle. It is that most of the style and structural faults 
of technical reports result from the author being so con- 
cerned with what he is writing that he neglects to worry 
enough about how and for whom he is writing it. 

This failure to give sufficient attention to how the 
message is to be tailored for the consumer leads tech- 
nical authors, I believe, to commit three principal sins: 


1. They do not organize their material logically. 
2. They overindulge—sometimes to the point of 
intoxication—in obscure phrasing, polysyl- 
labism, and the use of idle words. 
They tolerate gaps and open switches in their 
arguments. — 


The first of these, illogical organization of material, 
probably results chiefly from the author making a poor 
division of his preparation effort between the mental 
and the muscular. There is a natural tendency to 
feel that one is ‘‘writing a report” only when one is 
exercising his arm and hand muscles with pencil or 
typewriter, or his jaws and vocal cords in dictation. 
Actually, one of the best ways for an author to insure 
the readability of his technical report is to begin its 
preparation by spending a comparatively large amount 
of time sitting and thinking. During this period of 
recumbent ratiocination he should ask himself such 
questions as: 


_1. Exactly what do I wish to report? 
2. What boundary conditions are imposed by tech- 
nical or other considerations on the material 
I wish to report? 

For what kind of reader am I preparing this 
report? 

What must I give this kind of reader in the way 
of background to enable him to understand 
the report? 

What are the principal points I wish to empha- 
size? 

What sequence of presentation will best enable 
me to emphasize these points? 


Once he has answered in some detail these and 
similar questions, the author is in a position to organize 
his material in a logical, easy-to-follow manner. (It 
is assumed, of course, that at some earlier time he has 
answered affirmatively the question, ‘“Have I anything 
worth reporting?” As one faces the deluge of technical 
reports that pour out of and into research laboratories 
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these days one occasionally wonders if authors are 
being sufficiently firm with themselves on this point.) 
Somewhere in his consideration of organization the 
author should decide upon a sensible title. I have in 
mind two reports received in our laboratory within 
recent months; one is called ‘Final Report on Item 
No. 2” and the other ‘The Most Important Research 
Work of the Last Time and Proposals about Reports 
Still to Be Written.” A sensible title probably falls 
approximately halfway between the above extreme 
examples of the ‘“‘title noninformative” and the four- 
or five-line kind that approach being abstracts. 

The tendency toward excess polysyllabism, obscure 
phrasing, wheels-within-wheels sentence structure, and 
idle words is like certain diseases; we all carry the 
germs about with us, most of us succumb to occasional 
attacks of varying severity, and with too many of us 
the malady is chronic. One can’t help suspecting at 
times that scientific writers use a special edition of the 
Century Handbook—one that carries a small appendix, 
not found in the regular edition, which reads, ‘‘Under 
no circumstances use a one- or two-syllable word if a 
six- or seven-syllable substitute can be found.” 
Reasons for this apparently natural human bent toward 
the ornate and intricate in technical writing are un- 
doubtedly numerous and complicated and would 
require psychiatric search to sort out. They probably 


involve, among other things, exhibitionism, mental 
laziness, literary infantilism, and uncertainty in the 
author’s mind as to just what he wishes to communicate. 


Whatever their causes, authors’ indulgence in these 
practices prevents technical reports from being written 
in their proper language, plain English. I heard re- 
cently of the perfect answer to that irritating question, 
“What’s the matter, can’t you understand plain 
English?” In this case the query was flung by the 
author of a letter at a colleague who had questioned 
its readability. The critic’s answer was, ‘Certainly; 
that, however, does not appear to be the vehicle you 
are using.” Most of us can understand plain English 
but too often we employ some other vehicle when we 
write. 

Two or three illustrations may be of interest. The 
following sequence of words is presented as an example 
of a sentence that isn’t a sentence. (It is exactly as it 
appeared in a technical report except for several noun 
substitutions made in the interests of security): ‘‘Hav- 
ing been requested by the Weather Bureau to make use 
of its standard thermometers, of which there is an 
abundance at the present time, and to refrain from 
making extensive changes in the thermometers them- 
selves, this I think we have done in a fairly simple 
manner.” 

The next example, which is a single sentence that 
appeared quite without benefit of punctuation, might 
be entitled “Saying It the Hard Way.” ‘This is due 
to the fact that when there is a steep temperature 
gradient in the steel the higher conductivity of the 
gold causes it to have a much lower gradient for the 
same total rate of heat flow so that a layer of gold will 
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have its surfaces more nearly at the same temperature 
than would exist at the same points if the intervening 
material were steel.’ 

The idle-word fault is exemplified by statements such 
as, ‘‘We have made progress in so far as that we at 
least recognize... .”” The meaning would have been 
conveyed better and six words cheaper by, “‘We have 
made enough progress to recognize. . . .”’ Another 
actual example reads, “I must make it plain, of course, 
that further tests are necessary for the simple reason 
that... .” What the author meant and what he 
wasted twelve excess words to say was simple, “Further 
tests are needed because. . . .” 

Gaps and open switches—my third category of style 
fault—are just what the terms imply. The geader 
may’ be riding along smoothly and comfortably with 
the author’s train of thought when suddenly he en- 
counters the language equivalent of a missing section 
of track or unbridged canyon. True, the track usually 
picks up again on the other side but the reader is 
supplied with no structural material to use in bridging 
the gap. Or, without warning, the reader may find 
that the author has neatly switched him off on a blind 
siding in the argument and provided no right of way 
by which he can return to the main line. Discon- 
tinuities of these kinds occur most frequently when a 
report is written solely by the individual who did the 
experimental work being reported, and result largely 
from the author’s failure to put himself in the position 
of the reader. The report reads logically and the 
argument has continuity to the man who wrote it 
because, as he goes along, he unconsciously supplies 
missing rails and builds absent bridges from his first- 
hand knowledge of the experiment. The best remedy 
for this difficulty probably is careful review of tech- 
nical report manuscripts by persons other than the 
author, regardless of whom he may be. I suspect it 
is impossible for any individual, reading a report he 
has written about work he himself did, to divorce 
completely his experimentally gained knowledge from 
the material actually in his paper. This “gap and 
open switch” problem is one of the reasons I 
favor a routine in which the research scientist or 
engineer writes the first draft and a,member of the 
technical reporting staff handles the rewriting. The 
latter individual ideally should have enough scientific 
background to permit him to read the report intelli- 
gently but should not be a technical expert in the field. 
Preparation of the final draft of the report then becomes 
a kind of literary damped oscillation in which the 
manuscript bounces back and forth, with decreasing 
amplitude, between the research man and the technical 
writer, until the latter is satisfied with organization 
and style and the former agrees that technical accuracy 
and completeness have been maintained. 

All of the above emphasis on how the technical 
message is to be “packaged” is not intended to detract 
from the importance of what is being reported. The 
latter clearly is paramount since it constitutes the re- 
port’s principal reason for existence. The relative 
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importance of “what”? and “how” varies somewhat 
with the nature of the report’s probable readers. At 
one extreme is the highly technical report, written by 
one expert in the field for the exclusive, or almost 
exclusive, use of other experts in the field. Here the 
“how” is perhaps of least importance, or—I would 
prefer to say—lack of proper attention to it does the 
least damage. Readers of such a report are already 
well versed in the technical field under consideration; 
they will usually be able, therefore, to fill in most of the 
gaps and will not be too badly handicapped by poor 
organization. As a last resort, of course, they can al- 
ways corner the author at the next sectional or national 
meeting of their particular learned society. 

At the other extreme is the technical report prepared 
primarily for readers who need general and background 
information but who are not experts in the field. In 
this case I believe “how” at least equals and perhaps 
exceeds “‘what”’ in importance, because unless those 
for whom the report is written are able to understand 
it, writing it at all is pointless. 

I would like to illustrate these two kinds of réport 
by describing briefly the formal series of technical 
documents issued by the Applied Physics Laboratory 
of The Johns Hopkins University and its associate 
contractors. These reports are prepared in connection 
with the Bureau of Ordnance, guided-missile project 
in which this family of laboratories is commonly en- 
gaged. The documents fall naturally into two groups 


which, although not at the extremes mentioned above, 


are appreciably to right and left of center. Approxi- 
mately half are of the nature of technical monographs 
issued primarily for the information and use of experts 
in the field. In these, we are inclined to tolerate some 
compromise with how things are said. In other words, 
we are not particularly “fussy” about phraseology and 
the use of a “leading the reader by the hand” approach. 
However, these monographs do reach a number of 
people who are not experts and whose interests, there- 
fore, cannot be entirely ignored. A combination 
approach which seems to work reasonably well in such 
cases is to make the first part of the report a kind of 
‘“‘once over lightly’ treatment which answers in quali- 
tative or semitechnical fashion, the ‘‘What?,” ‘““Why?,”’ 
“How?,” and “So What?” of the research being re- 
ported, and then to follow this with the detailed tech- 


nical story. 
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The other half of the reports in this guided-missile 
series comprise monthly surveys of progress of the 
project. The Survey’s primary clientele, we believe, 
consists of individuals whose duties are not such that 
they spend every day in a guided-missile laboratory 
but who, nevertheless, must maintain an up-to-date 
familiarity with the work. Many of these persons are 
at policy-making levels and have responsibilities of 
such multiplicity that the Survey may be the only 
publication dealing with this project which they have 
time to follow. Consequently, we feel that in the 
Survey readability is of immense importance and that 
the how-to-what ratio is unity or greater. We try, 
therefore, to make the Survey a semitechnical, con- 
tinued story of the project’s progress, written in plain, 
straightforward English. As a matter of fact we have 
invented a hypothetical Admiral for whom we say we 
write the Survey. Whenever an item proposed for 
this publication appears to one of us to be suspect 
from the standpoint of overtechnicality, idle words, 
gaps, and so forth, we say to ourselves, ‘““Maybe the 
practicing technical expert can follow this, but how 
about the Admiral?” This, of course, is no reflection 
on the intelligence of any admiral, hypothetical or 
real; it is simply a concrete, personalized recognition 
of the fact that in the survey we are writing principally 
for readers who are not supposed to be technically 
expert in all phases of guided-missile development but 
who do need to keep informed on progress, and that 
unless our report is readable and understandable our 
Admiral probably—and quite properly—will toss it 
overboard. 

In summary, then, it is suggested that any effective 
prescription for the preparation of understandable 
technical reports should include the following in- 
gredients: 


1. An initial period of ‘thinking the report through”’ 
during which the author asks himself questions 
of the kind listed previously and answers 

‘them carefully. 

2. Exertion by the author of sufficient will power 
to confine himself to straightforward, simply 
constructed sentences phrased in plain English. 

3. Adequate review by persons other than the 
author as insurance against discontinuities in 
the argument. 
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advancement of some segment of it throughout his 
life; the development of experimental skill in the 
science and realization of the pleasure of using it ef- 
fectively; development of pride in professional accom- 
plishment of a high order, and in upholding the highest 


standards of the profession: these are the real, primary 
aims of graduate work. These objectives guided the 
formation of the Institute’s graduate program in chem- 
istry. Most of them are realized to the largest extent 
through the students’ participation in research. 
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Letter to the Editor: 

On page 567 of the November issue of Tuts JouRNAL, 
Pao-Fang Yi wrote to you of the order in which the 
electronic subshells of atoms are filled. He also gave a 
diagram which illustrates this order. 

In the summer of 1946, I worked out a similar dia- 
gram. It has proved to be very useful in a year of 
undergraduate general chemistry instruction. I also 
worked out a mathematical expression that gives the 
order in which the subshells are filled. 

The sequence explains Rydberg’s atomic number 
series (for the first time), and why certain (hereto- 
fore inexplicable) atomic spectra occur, and it has led 
to the only periodic table that has a mathematical equa- 
tion to describe it..... 

The order in which the subshells of atoms are filled 
has been merely empirical, having been deduced from 
atomic spectra. However, it can very easily be shown 
to follow from wave-mechanical theory. Hence it has 
a definite theoretical basis. 

Similarly, Mendeleev’s periodic table can be derived 
from mine—hence from wave mechanics. . . 

My subshell energy sequence diagram is so simple 
that it can be very readily memorized. It then makes 
a very useful mnemonic for working out the structure of 
any atom desired. (Undergraduates find this sort of 
thing very interesting. The structures of as-yet- 
unknown elements can also be worked out!) 

This diagram follows: 


Bie 4 
1 
2 
a--3 
a a 
i ee 
y *g- @ 
ry le vane | 
a 


The dots indicate that the diagram can be extended 
as far as is desired. The method of its growth is obvi- 
ous. (Strict numerical order is followed both vertically 
and horizontally; 1 occurs once, 2 twice, 3 three times, 
ete.; the s column starts with 1, the p column with 2, 
the d column with 3, the f column with 4, etc.) 


The diagram is read from left to right, and from top to 
bottom, as if it were a printed page, to give: 1s, 2s, 2p, 
38, 3p, 48, 3d, 4p, 5s, 4d, etc. This isthe order in which 
the subshells of atoms are filled. (Pao-Fang Yi gave 
... 78, 6d, .. ., while the above diagram gives. . . 7s, 5f, 
6d,.... The latter is substantiated empirically by the 
second rare-earth series of elements—the actinide series 
—and theoretically by wave mechanics. Hence it is 
the correct one.) . 

The accompanying figure gives the subshell energ 
sequence in a form which shows the relationship be- 
tween the principal and orbital quantum numbers more 
clearly. Each numbered triangle represents a subshell. 
The numbers in the triangles give the order in which the 
various subshells are filled: e. g., 6s is numbered 12—it 
is the 12th subshell to be filled. I call this number the 
“ordinal energy level’’ of the subshell, abbreviated 
i! 








The equation for the subshell energy sequence is as 
follows: 


Eora. = (n + 1)(n +1 + 2)/4 + [1 — (—1)"*]/8 — 1; 
OfZlin—1. 


Reino W. HAKALA 


CHAMPLAIN COLLEGE 
PLatrsBpuRG, NEw YORK 


To the Editor: 


If Johnny investigates the behavior of strongly 
heated barium carbonate (See November, 1947, p. 
568) he will observe that it sizzles when hydrochloric 
acid is applied no less than it sizzled before heating. 
The equilibrium pressure of CO: in contact with BaO 
and BaCO; at 1000°C., a very strong heatingfor Johnny, 
is only 2.7 mm. Hg, 17.7 mm. at 1100°, 92 mm. at 
1200°, and even at 1300° no more than half an atmos- 
phere, 382 mm. So to prepare BaO Johnny’s teacher 
has to heat the nitrate not the carbonate. Sorry he did 
not know it. 

F. L. Hann 


Mexico, D. F., Nonoatco 





Out of the 


% Chart 


From the North American Philips Co., Inc., Irving- 
ton, New York, can be obtained a very interesting and 
useful chart of “Basic Characteristics of Useful In- 
dustrial Laboratory Instruments,” reprinted from Iron 
Age, which shows the principles, operation, uses, etc., 
of such instruments as: colorimeter, cyclograph, elec- 
tron microscope, Geiger counter, magnaflux, mass 
spectrograph, photometer, spectrograph, etc. 


@ Sugar Purification 


It has been commercially demonstrated that with 
certain raw materials, such as raw sugar remelts, the 
ion-exchange process can produce liquid sugars at 
decisive savings over conventional methods, even in 
comparatively small-scale operations. 

Until recently, liquid sugars of the highest purity 
were obtained by first producing crystals of white 
sugar and then dissolving them in water; part of the 
economy of the new ion-exchange process stems from 
the fact that it makes possible the production of liquid 
sugars of equivalent quality without first producing 
crystalline white sugar. The process also makes it 
possible to convert waste or off-grade sugar syrups into 
valuable products. 

In the figure shown, raw sugar remelts are being 





Ion Exchangers 
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successfully transformed into high-grade syrups in this 
ion-exchange unit. The six columns contain alternate 
beds of the cation and anion exchange resins which are 
the tools that actually do the work in the ion-exchange 
process. The tanks just visible at the right are used to 
dilute the acid and caustic solution used to regenerate 
the resins. 


@ Atomic Pile 


The “atomic pile’ at the new Brookhaven Na- 
tional Laboratory, now under construction, will con- 
tain a number of improvements that will make it the 
most flexible research pile in the world. The pile is 
designed primarily for use in research, and will provide 
many experimental facilities not available in other 
piles now in operation. 

Among others, there will be facilities for bringing 
neutron beams out of the pile, for irradiating biological 
tissues, and for making studies of the characteristics of 
neutrons. Provision has been made for special research 
on materials used in connection with the construction 
and operation of atomic piles, and also on the engineer- 
ing problems involved in atomic power production. 

In general form, the Brookhaven pile will be similar 
to the Oak Ridge pile, except that the neutron density 
will be several times greater. It will be able to produce 
radioactive materials as does the Oak Ridge pile. Such 
materials from the pile will be used in research pri- 
marily at Brookhaven, but they will also be available, 
when not obtainable elsewhere, to research institutions 
throughout the northeastern states, in the territory 
served by Brookhaven. 

The pile, which will be air cooled, will be housed in a 
building approximately 120 feet long by 100 feet wide, 
and more than six stories in height. The building will 
be flanked by two wings, each nearly 100 feet long, 
which will contain laboratories. The whole structure 
will thus be approximately 320 feet in length. 

Though operation of the pile will be so nearly auto- 
matic that one man could safely care for it, present 
plans call for two to three men per shift. The pile is 
designed to operate on a schedule of seven days per 
week, 24 hours per day. 

Though sponsored by the nine large eastern uni- 
versities, the laboratory will be available for appropri- 
ate research by all universities, public and private 
research institutions, and commercial organizations in 
the northeastern part of the United States. 
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The pile is the first large item of atomic equipment 
upon which construction has been started at Brook- 


} haven Laboratory. Other equipment to be constructed 
includes a “hot” laboratory for use in research on 


| radioactive materials, a large cyclotron, and a Van de 
= Graaff generator. 


Under preliminary study is a huge 
proton accelerator capable of producing a beam of 
atomic particles at 10 billion electron volts, with which 


| atomic.scientists hope to be able to create matter out of 
y energy. 
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a Melamine Resins 


Calcium cyanamide is made from limestone, coke, 
and nitrogen from the air, 7. e., calcium, carbon and 
It yields free cyanamide, H.CN2, 
of which melamine is the trimer, a larger, more com- 
plicated molecule of the same elements. Melamine is a 
white, dry powder and, like phenol,’ urea, and many 
other materials, can be condensed with certain alde- 
hydes (e. g., formaldehyde) to form clear, colorless, 


i soluble resins which become insoluble—polymerized— 


) when heated. The latter trick makes them useful in 





diverse fields. 

Incorporate these resins in their soluble state with 
paper-making fibers, form the fibers into a web or 
mat, drive off the free water, and polymerize the resins 


| in their new location dispersed through the feathery 


microscopic fibers, and the fibers, when watersoaked 
thereafter, will resist slippage and give us wet-strength 
paper having up to 60 per cent of the dry strength 
when water-soaked, as the result of addition of 0.5 
per cent to 3.0 per cent of resin. So eventually we can 
all have paper napkins and towels that won’t so readily 
come apart in the hands and paper sacks for potatoes 
and flour, like the one that went over Niagara Falls 
without wetting the 50 pounds of flour within, rainproof 
maps and blueprints like the Army field maps, and wrap- 
pings that hold when used on refrigerated and other 
moist foods. ’ 

The melamine resin mixed with powdered paper 
fibers, cotton flock, asbestos, or other fillers makes 
molding powders that are inherently tops in electrical, 
chemical, heat, and wear resistance. Hence are derived 
electrical parts which resist arcing in rarefied air, en- 
abling our planes to fly higher, molded dishes that resist 
stain, and underwear buttoms that keep their gloss 
and shape in the laundry boiler. 

Papers and fabrics soaked, with the resin solution, 
then laminated and hot-pressed, make the tough kick- 
boards in taxicabs and the marproof tops of cafeteria 
counters. 

In textiles, melamine resins impart shrink-resistance 
to woolens, replace starch in cottons to make washable 
glazed chintzes, bind sunfast pigments to fabrics, make 
cotton, linen, and rayon crease-resistant, make light 
worsteds that are less liable to stretch and bag, nettings 
and sheers that retain their crispness, and lace curtains 
that do not need framing after laundering. 

In coatings, along with other resins, melamine resins 
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provide superior color retention in sun and weathering 
and withstand higher temperatures in production-line 
ovens, speeding the curing time by 50 per cent. They 
are making tougher, more weather-resistant finishes on 
postwar automobiles, refrigerators, and other factory 
finished enamel surfaces! 

In the leather industry, hides tanned with melamine 
resins are white clear through, a factor important in 
white shoes. ' 

In all these uses, the melamine resin. is dispatched 
easily in solution to its post of duty in a minute fibril of 
paper fiber or wooly fuzz or whatever, and then, under 
moderate heat, is polymerized from the soluble to the 
insoluble state and stays in place. It is not the first 
resin that could do this but it is the most insensitive to 
varied fillers, admixed chemicals, wide heat ranges, 
irregular handling conditions, and ultimate exposures. 
Demands continue to outrun all efforts to supply. 

—From For Instance. 


a A Reconstructed Drugstore of the 1800's 


THE sHOP is typical of America’s “drug stores”’ in the 
early 1800’s. It stems from what was one of the first 
drug stores in the United States—the Bringhurst store of 
Wilmington, Delaware, established there by Joseph 
Bringhurst when he fled the Philadelphia yellow fever 
epidemic of the 1790’s. It was owned and operated by 
members of the Bringhurst family from 1792 to 1939. 
When it was closed in the latter year, contents and 
fixtures were collected by Helen Penrose, New York 
antiquarian. They recently were acquired by Smith, 
Kline & French Laboratories, of Philadelphia. 








Photograph by Cortland V. D. Hubbard, Philadelphia, Pennsylvania 





e Geiger Counter 


A new Geiger-Mueller, shown in the illustration, is 
produced by the Instrument Development Labora- 
tories. 


e Synthetic Vitamin A 


Synthetic vitamin A is being produced commercially 
by Distillation Products Inc., of Rochester, New York. 

Production of the synthetic vitamin A is now pro- 
ceeding in a pilot plant and samples soon will be avail- 


able for test purposes. The company has not yet 
explained how the synthesis is done or what materials 
are used. The product will carry the trademark 
“Myvax.” Exactly when the synthetic vitamin will 
be available in substantial quantities is not yet certain. 
Raw materials for the new product are plentiful, how- 
ever. 

Several grams of pure crystalline synthetic vitamin 
A were exhibited at the last American Chemical Society 
meeting, as well as an ounce of high-potency concen- 
trate of the acetate ester of synthetic vitamin A and a 
sample of pure acetate crystals. 

Americans have been fortunate in having an ade- 
quate supply of fish liver oils from our coastal waters 
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but the future supply of natural vitamin A is very 
uncertain. Most other countries are not in the favor- 
able position in which we find ourselves. Because of 
that fact, raw materials from our waters have had to 
make up deficiencies in other parts of the world. 

The synthetic vitamin A concentrates are light yellow 
viscous oils. Being synthetic, they are totally free of 
the fish odor that makes may natural vitamin A con- 
centrates unsuitable or objectionable in foods and drug 
products. 

The structure of vitamin A was first established by 
Professor Paul Karrer at the University of Zurich, 
Switzerland. Since then the synthesis of the vitamin 
and certain of its derivatives, such as the methyl ether, 
has been reported from time to time. Chemists have 
been hesitant to accept these claims, in almost all 
cases, however, because the preparations were impure 
and had only a fraction of the biological potency of the 
pure, crystalline natural vitamin. 

The synthetic vitamin A concentrates, like natural 
vitamin A preparations from fish liver oils, contain two 
isomers, present in the approximate ratio of 3:2. 

The isomer present in larger amount is called vitamin 
A because, until several years ago, it was not known 
that more than one form was present, and this form 
took the name of the complex. In 1945 Robeson and 
Baxter announced the discovery and isolation of the 
second isomer in pure form and gave it the name of 
neovitamin A. 

Vitamin A and neovitamin A are indistinguishable in 
many of their properties, such as their biological 
potency, but can be differentiated by the melting point 
of the crystalline preparations and by the color of 
certain of the esters, such as the anthraquinonecar- 
boxylate. The ester from vitamin A is yellow; that 
from neovitamin A is red. 

Two Dutch chemists, Arens and van Dorp, also 
report having accomplished the synthesis of vitamin 
A on a laboratory scale, in June, 1947. Their process 
starts with beta-ionone, which is condensed with a 
side-chain consisting of y-bromocrotonic ester. A 
methyl group is then introduced by the Gilman syn- 
thesis. From the result, the aldehyde corresponding 
to vitamin A is made by the Reformatsky reaction, and 
the transformation of this to the vitamin itself is a 
process which has long been known. The identity of 
the final product with the natural vitamin is said to 
have been established. 


€ Glass Technology 


The University of Toledo has established a four- 
year undergraduate program in Glass Technology 
leading to the degree of Bachelor of Engineering. 
Developed in consultations with representatives of 
Toledo glass firms, the new program will combine a 
sound training in basic subjects and offer specialization 
in glass and related fields. The program will be ad- 
ministered by the University’s College of Engineering 
as one of its options. Full-time faculty members and 
experts from the glass industry share in the teaching. 
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The University, in establishing an undergraduate 
program in Glass Technology, is following the example 
of a number of colleges which have introduced a course 
in a field closely related to a characteristic local indus- 
try. The new program is destined to bring about a 
closer relationship between the industrial activities of 
the glass firms of Toledo, world center of glass manu- 
facture and glass research, and the educational efforts 
of the University. 


e Photographic Dye in Medical Research 


An orange-colored dye, first prepared as a sensitizer 
for photographic emulsions, then found to cure filariasis 
in rats, in now being used with promise on human beings 
in Puerto Rico. 

Known as “compound 863,” the dye is one of the 
cyanines which are used commercially to extend the 
sensitivity of photographic emulsions. 

The story of how the “863” dye came into its present 
use in medical research on parasitic disease goes back 
to Prof. Carl Browning of the University of Glasgow, 
Scotland, who first examined the early cyanines pre- 
pared in Europe for their possible use against disease. 

But the germ-killing properties proved not sufficiently 
high for the dyes to become widely used in medicine. 
Their greatest value up to the present remained in the 
field of photography. 

With the outbreak of war in the Pacific, tropic 
diseases caused by parasitic worms took on added 
significance for Americans because many men of the 
armed forces were sent to places where such diseases 
occurred among native populations. 

When the cyanines were tried as a specific against 
malaria, a number of them showed antimalarial activity 
but not enough to equal that of drugs which were al- 
ready available. 

Then, in 1943, one of the dyes, “compound 863” 
when given by injection, was found remarkably active 
in killing wormlike parasites which give rise to the 
disease filariasis in cotton rats. 

In human filariasis, similarly caused by a. filarial 
organism, the disease is transmitted by a mosquito 
which deposits the minute infant parasite on the skin. 
The filariasis in human beings may bring about painful 
swelling or, in severe cases, enormous enlargement 
known as elephantiasis. 

After further tests for toxicity, to ‘find out if it 
was safe to use in man, “863” was taken last fall to the 
School of Tropical Medicine at San Juan, Puerto Rico, 
and given to 27 patients with filariasis. Months will 
be required before the ultimate effect of the treatment is 
known. 


) Streptomycin 

Mass production of the new bacteria killer, strep- 
tomycin, has evolved from the test-tube isolation stage 
to large-scale production within three short years; 
ion-exchange resins have played a significant part in 
the recovery and purification of this antibiotic. 
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One of the accepted processes for producing strep- 
tomycin involves recovering the antibiotic from filtered 
culture broth by combining an activated carbon adsorp- 
tion technique with the use of Amberlite IR-4B, a 
synthetic resin anion-exchanger. 

One of the more effective methods used in the final 
purification of streptomycin employs a column of 
Amberlite IR-4B, treated with hydrochloric acid, 
which affords a quick and simple means of obtaining 
the drug as the hydrochloride. Both the sulfate and 
hydrochloride derivatives are being investigated clini- 
cally on a broad scale. 

The Amberlite resins are well known for their wide 
use in the isolation and purification of alkaloids, amino 
acids, and vitamins; removal of inorganic salts from 
pharmaceuticals; and as an economical means of pro- 
ducing deionized water (comparable to a single dis- 
tilled) necessary in the preparation of many drugs. 


3 Puzzle 


From Bertil Englund, a teacher in a Swedish school, 

we received the following “‘puzzle,”’ devised by a stu- 
dent, Par Bergvall, of Sysslomansgatan 15, Uppsala, 
Sweden: 
- How many chemical formulas can you put together, 
if you go in every possible direction in the cross-word 
puzzle below? You must not skip any squares, but 
you may begin every formula wherever you wish. 

E. g., D3, D2, E2 becomes HCN and B1, C2 becomes 
HS. 

In the squares Al and A5 you may fill in 2 symbols, 
which you choose yourself. 
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3 Silver Nitrate 


A new way of making silver nitrate crystals—key- 
‘stone of all photography—has been developed by the 
Eastman Kodak Company. The improved process 
pumps the glistening white particles from a tank much 
as a threshing machine spews forth grain. 

Designed before the war, the recently completed 
system uses machinery that makes the silver nitrate 
crystals continuously and dries them in a centrifuge in 
a few minutes. Formerly this took several days. 
After crystallization, the silver nitrate was dried on 
glass trays in shelves in a warm room. 
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& Motion Picture ° 


“Looking Ahead through Plexiglas”’ is the title of a 
new 16-mm. motion picture produced by the Rohm & 
Haas Company, Philadelphia, Pennsylvania. 

This new educational and entertaining film is availa- 
ble on a free loan basis in the United States to fabri- 
cators, manufacturers, engineering and design groups, 
schools, and clubs. 

Requests for use of the film should be addressed to 
the Advertising Department, Rohm & Haas Company, 
Washington Square, Philadelphia, Pennsylvania. 


& Visible Electron Beam 


An electron beam has been made visible by its own 
light in the General Electric Research Laboratory. 

The new observations have been made in the 70,- 
000,000-volt synchrotron, a new type of atom smasher, 
built in the laboratory under a contract with the 
Office of Naval Research. It has been shown that 
visible light is literally given off from the moving 
electrons. Inside the doughnut-shaped vacuum tube 
in which the electrons circle, a brilliant bluish-white 
spot appears. This is from light beamed forward from 
the electrons, tangent to their circular orbit. 

Previously, electrons have been detected visually 
only by indirect means. When they strike a material 
such as zine sulfide or pass through certain gases, a 
glow results, but such light does not come from the 
bombarding electrons themselves. Also, with a labora- 
tory device known as the Wilson cloud chamber, the 
path of an electron appears as a thread-like trail of fog, 
but this again is indirect. 

imission of light from the electron stream is similar 
to radiation of radio waves from a transmitting station. 
In the antenna, electrons oscillate rapidly to and fro 
between the metal atoms. As they are speeded up and 


slowed down, their energy is converted into electro- 
magnetic waves. 

In 1944 two Russian physicists, D. Iwanenko and 
I. Pomeranchuk, pointed out that radiation should 
come from the electrons moving in circular obits in a 
betatron, another form of atom smasher related to the 





NB 9322—-ELECTRON LIGHT 


The spot of light in the center is the radiation directly from the 
electron beam inside the atom-smasher’s doughnut-shaped vacuum 
tube. The horizontal line of light is d by reflecti and other 
distortions produced by the glass walls. 
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synchrotron. This effect, they said, would impose a 
limit on the simple betatron. Over about a hundred 
million volts, the electrons would radiate energy away 
as fast as they receive it unless proper compensation 
were made. 

Calculations indicated that such an effect should be 
observed from the electrons in the 100,000,000-volt 
betatron in the G-E Research Laboratory and that 
some of the radiation should be of visible light. How- 
ever, construction of the doughnut, which is lined with 
silver, makes it opaque, thus preventing any observa- 
tion. 

The synchrotron doughnut, however, is lined with a 
transparent layer which is electrically conducting like 
the silver layer and carries away unwanted electrical 
charges as they accumulate. A laboratory assistant 
happened to notice a curious spot of light inside the 
doughnut while the synchrotron was operating. After 
checking to assure that everything was working prop- 
erly, the physicists in charge of the project determined 
that this was actually radiation from the electrons 
themselves as they moved around in their circular 
path. An intense magnetic field, from the large elec- 
tromagnet which surrounds the doughnut, keeps them 
to this orbit. 

Electron light travels out in a beam half a degree in 
diameter, tangent to the orbit. It comes out ahead of 
the electrons. Thus, an observer looking at the 
doughnut from a point in the plane of the orbit, sees 
light from the electrons approaching him, but cannot 
see the light in any other part of the tube. Because of 
the curvature of the doughnut, the spot is distorted at 
present. 

A modified doughnut is being prepared with a flat 
quartz window through which the effect may be better 
seen. This will permit any part of the radiation that 
may fall in the invisible ultraviolet part of the spectrum 
to be photographed. 


ane Gas Analysis 


Automatic infrared gas analyzers that can detect 
concentrations of carbon monoxide, carbon dioxide, or 
hydrocyanic acid as low as one part in one hundred 
thousand were invented in Germany just before the 
war, according to a report now on sale by the Office of 
Technical Services, Department of Commerce. 

The infrared gas analyzer was developed in 1938 by 
the Oppau plant of the I. G. Farbenindustrie. Called 
the ‘Uras,” the instrument can discover the presence 
of a simple chemical compound in a gaseous mixture 
and measure its concentration by irradiating the mix- 
ture with infrared light of a wave length that only the 
compound can absorb. The resultant thermal ex- 
pansion of the mixture is an identification of the com- 
pound; and the amount of expansion, a measure of its 
concentration. 

‘I. G. Farbenindustrie manufactured about 400 Uras 
and used most of them for analyzing flue gas, deter- 
mining the amount of methane in air, ethylene in ethane 
and acetylene in ethane and ethylene, and for similar 
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purposes. However, when the various gases in a 
mixture had infrared absorption bands that were close 
together, the instruments could not identify any one 
gas with certainty, the report indicates. 


® Bulletins 


Among the bulletins and technical announcements 
received are the following which we recommend: 

‘Synthetic Resins,” Hercules Powder Company, 
Wilmington, Delaware. 

“Permanent Magnets,” General Electric Company, 
Chemical Department, Pittsfield, Massachusetts. 

“Polaroid Laboratory Products,’”’ Pioneer Scientific 
Corporation, Empire State Building, New York. 

“Ultraviolet Monochromator,” Farrand Optical 
Company, Bronx Building and 238th Street, New 
York 66. 

“Fifty Years of the Dow Chemical Company” 
(a jubilee issue), Dow Chemical Company, Midland, 
Michigan. 

“Chemical Statistics Directory, No. 1,” U. 8. De- 
partment of Commerce. 

“Scientific Odor Control” (describing the principles 
of the Crocker-Henderson system of odor classification), 
Cargille Scientific, Inc., 118 Liberty Street, New York 6. 

“Sugar Molecule,” No. 1. A quarterly review of 
sugar research, Sugar Research Foundation, 52 Wall 
Street, New York. 


@ Geiger Tube 


The Cyclotron Specialties Company of Morago, 
California, announces a Geiger tube of especial interest 
to radioactive carbon users. This tube, designated as 
the 410-A, sets a standard which opens up new possi- 
bilities in radioactivity research. 

A few performance highlights of the tube are: 


For Alpha particles from Uranium, 25 per cent of 
total disintegrations. For Soft Beta such as from 
C4", Fe®, and 8*, 36 per cent of total disintegrations. 
(These high efficiencies with windows 1.2 to 1.4 
mg. per sq. cm., which is minimum recommended 
thickness.) 

In Geiger-Miiller region, background of approxi- 
mately one count per second when shielded. 

Also excellent for Hard Beta and Gamma. 

Designed for satisfactory life of 10-° counts. 





Cyclotron Specialties Company Type 410-A Geiger Tube 








a Sample Changer 


Radioactivity laboratory personnel will be interested 
in the new lead-shielded manual sample changer and 
preamplifier manufactured by Tracerlab, Inc., 55 
Oliver Street, Boston, Massachusetts, which permits 
faster and more accurate counting.of a large number of 
radioactive samples. 

This equipment is fully described in issue number 7 
of Tracerlog which is available for free distribution. 
Also included in this issue are articles on radioactivity 
reférence sources, absorbers, radioassay techniques, and 
radiochemical services. 


3 Contest 
The Creative Chemistry Award, sponsored by the 


‘Cleveland Section of the American Chemical Society 


(see Tots JOURNAL, 24, 297 (1947),) will again be held 
this year on April 24. Schools in the Cleveland area 
which have not already received notice may get a copy 
of the rules of the contest from C. B. Sanborn, 
American Steel & Wire Research Laboratory, 1230 
Marquette Avenue, Cleveland 14, Ohio. 


ee) Books!! 


We have received an appealing request, in behalf of 
the Estonians, Latvians, and Lithuanians in DP Camp 
615, for books on chemistry. The leader of the educa- 
tion section of the largest Estonian camp in the U. S. 
and British zone in Germany, a former professor in the 
university of Tartu, described their sore’ plight and 
asks to be put in touch with any agencies which can 
afford to send them books. They have no access to 
foreign exchange, of course. Any who are willing to 
do so many send packages to: Prof. Leonid Enari, 
DP Camp 615 (14a), Geislingen/Steige, Wiirttemberg, 
U.S.A. Zone, Germany. 





@ High Vacuum Distillation 


An attractive bulletin on this subject may be had 
from Distillation Products, Inc., Rochester, New York. 








& OFFICIAL BUSINESS 


244th Meeting, February 14, 1948. Rhode Island 

State College, Kingston, Rhode Island. 

The following program was given at the 244th meet- 
ing of the N.E.AC.T.: ‘Vapor Phase Reactions,” 
Eugene C. Winslow, Rhode Island State College; 
“The Influence of Electrical Charge on Acid Dyes,” 
William S. Huber, Rhode Island School of Design. 
Following luncheon, ‘Problems Encountered in Muni- 
cipal Water Treatment,’’ Harold E. Watson, Commis- 
sioner of Newport Waterworks. A short business 
meeting was held in the afternoon. 


@ NECROLOGY 


When the announcement of Charles Edwood Dull’s 
serious illness was made at our Harvard meeting-in 
early December, those of our members who knew him 
were encouraged by the statement that he seemed to 
be recovering. This was not to be, for he passed 
away on December 20th at the Orange, New Jersey, 
Memorial Hospital. Let us hope that he was able to 
appreciate the many messages we sent to him at that 
time. : 

Mr. Dull joined the Association in 1939, at our first 
summer conference at the University of Vermont. 
He is one of the few who has attended them all. At 
these conferences he made many new friends. His 
genial and sociable disposition and modest affability 
will be keenly missed at our future meetings. Al- 
though Mr. Dull did not join the Association until 
1939, he frequently attended our previous meetings, 
particularly those in our Western Division. The 
writer recalls meeting him for the first time at our first 
regional meeting in the newly formed Western Division 
at Yale. 

Charles Dull was born on a farm in Wood County, 
Ohio. He attended High School in Weston, Ohio, 
and was graduated with an A.B. degree from Oberlin 
College in 1903. He received his M.S. degree in 1912 
from the University of Chicago. After teaching for 
several years in high schools and seminaries in Michigan, 
Indiana, New York State, and Pennsylvania he settled 
permanently in Orange, New Jersey, teaching Science 
in the Orange High School. In 1914, he became a 


teacher of science in the West Side High School in 
Newark, New Jersey, becoming Head of Department 
and eventually Supervisor of all the Sciences in the 
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Newark Junior and Senior High Schools, a position he 
held for more than thirty years. He retired from 
teaching in 1944. 

It is as a textbook writer that Mr. Dull will be 
remembered widely. His “Essentials of Modern 
Chemistry” and his ‘Essentials of Modern Physics,” 
now ‘Modern Chemistry’ and “Modern Physics,” 
ran through seven revisions. He was the author, 
with collaborators, of many other books. His chemis- 
try and physics books were adopted by the Army and 
Navy as U.S.A.F.I. books and published in three 
paper-covered pocket-sized editions with a small work- 
book in each for self-study for men in the Service. 

He did not fail as a citizen of his community, having 
held various offices in the Prospect Presbyterian 
Church, Red Cross, and Community Chest Drives. 
His fraternal affiliation was with the F. and A. M. of 
Maplewood, New Jersey. After retirement from 
school work he became president of the Arven Building 
and Loan Liquidating Association. 

Mr. Dull’s wife, Kathryn Brenizer Dull, died in 
1945. He leaves one daughter, Mary Louise, now 
Mrs. Wallace A. Sprague, of Upsala College. 

Robert F. Chambers, 60, chairman of the Chemistry 
Department of Brown University, Providence, Rhode 
Island, died suddenly on November 17. A native of 
Providence and a 1909 graduate of Brown, he had been 
a member of its faculty since 1915 and head of the 
chemistry department since 1929. He received M.S. 
and Ph.D. degrees from Brown in 1910 and 1912, and 
was employed as a research chemist at the Pittsfield 
plant of the General Electric Co. in 1912 and 1913, 
studying in Germany the following year. In 1932 he 
was named Newport Rogers professor of chemistry. 
He had been a member of the American Chemical 
Society since 1908 and was active in affairs, having 
been a councilor and a past chairman of the Rhode 
Island Section. Professor Chambers was elected to 
membership in the N.E.A.C.T. on March 5, 1921. 
He was a member of the current events committee of 
the Southern Division, 1929-1931. 

S. Water Hoyt, Chairman, Necrology Commitiee 


€ SCHEDULE OF MEETINGS, 1948 
May 8: Malden High School, Malden, Massachusetts 
(Annual Meeting). 


Aug. 22-28: Tenth Summer Conference, University 
of Maine, Orono, Maine. 
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re GENERAL CHEMISTRY 


Linus Pauling, Professor of Chemistry in the California Institute 
of Technology. W. H. Freeman and Company, San Francisco, 


California, 1947. vii + 595 pp. 120 figs, 
23.5cem. $4.25. Trade Edition $5.00. 


One might wonder what sort of book would result if the author 
were born full-fledged in the knowledge of modern chemistry, 
without having had to learn it in the accepted and conventional 
manner. This could very well be it. 

There is no concern here with the “historical approach.” In 
fact, those who cling to the thought habits of their own under- 
graduate days will be surprised, and perhaps irked, to discover 
the laws of constant and multiple proportions relegated to a short, 
small-type section entitled ‘Historical Remarks.” 

There is no repeated belaboring of the ‘‘scientific method,” be- 
yond one small-type section of two pages in length. Neither in 
this connection nor in others is the student ‘‘talked down to.” 
It seems to be assumed that he either is already aware of the 
principles of rigorous thinking or that he will discover them by 
example as he proceeds. The stickler for technicalities will even 
discover here and there a looseness in the use of the terms law 
and theory—a habit into which scientists sometimes slip when they 
feel they are among friends. No one of the stature of the author 
is likely to be accused of not knowing what he is talking about, 
however. 

With so many now in the field, a textbook of general chem- 
istry, to be outstanding, must be more than comprehensive, in- 
teresting, well written, and merely up to date. The outstanding 
feature of this book is the way in which it follows the principal in- 
terest of its author, who is known as a foremost authority on 
molecular structure. One of the best approaches to an under- 
standing of general chemistry is certainly through this field. To 
learn about a substance most easily and completely it is first 
necessary to know how it is put together. ; 

It would be hard to find anywhere a clearer and more adequate 
treatment of the subject of valence than in the two chapters, 
“Tons, Valence, and Electrolysis,’”’ and ‘‘Covalence and Electronic 
Structure.” The development of the subject is soundly based 
upon the principle that valence relations within a given compound 
having meaning and significance only after one knows its actual 
internal structure. To this end the author draws from tech- 
niques and results in the fields of X-ray and electron diffraction 
with no apology, but a firm belief that the principles of the 
methods involved are understandable to the general student. 

It is not surprising, therefore, that its illustrations—particu- 
larly those showing molecular and crystal structure—are among 
the book’s strongest points. Every student of elementary chem- 
istry might well be required to study Figures 10-1 and 11-1, for 
example, showing, respectively, the reaction between elementary 
sodium and chlorine and the combination of two chromate ions to 
form a dichromate. For the organic chemist, Figure 19-2 shows 
similarly what happens when azomethane decomposes uni- 
molecularly into nitrogen and ethane. 

Some textbooks have been “brought up to date” by inserting 
sections on atomic structure, X-ray crystal analysis, the mass 

spectrograph, nuclear chemistry, and other developments of the 
last few decades. Here, such features as these have been so com- 
pletely incorporated into the train of thought that they virtually 
lose their separate identity. One is left wondering how an 
adequate knowledge of chemistry could be had without them. 
Our pedagogical structure is too often, unfortunately, a patch- 
work. What we need to do is to unravel it and weave the Warp 
and woof of it over completely. 

Pauling has been more venturesome than most authors of 


21 tables. 15.5 X 
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general textbooks; in fact, some may feel that he has ventured so 
far as to lose communication with his students. This obviously 
depends upon the staying powers of the latter. It will not be easy 
for students to follow through this book but perhaps we under- 
estimate the abilities of modern youth—we have done it before. 
Any who can “make the grade,” however (and there must be 
many, for the book represents the author’s own teaching ex- 
perience), will be well repaid and will see the field of chemistry in 
an entirely modern light. One almost wonders what will yet re- 
main for them to learn about fundamental and theoretical chem- 
istry. 

While it may fairly be said that this is no book in which to 
“dabble,” still its interest is not necessarily restricted to the 
prospective chemist. It treats its field comprehensively, not 
merely as a preparation for something to come. Although its 
unique features are in its development of fundamental and 
theoretical topics the descriptive side of chemistry has not been 
neglected. It contains many “facts,” as well as excellent descrip- 
tions of a number of well chosen industrial processes. In fact, one 
is amazed that so much could have been packed into less than 600 
pages. 

Some of the exercises at the ends of the chapters will be found 
beyond the capacity of the average student, but this will probably 
be no drawback to those who, for other reasons, adopt this un- 
usual book for their classes. 

Whether or not it well adapted to serve, on a large scale, the 
needs of elementary students, there is, nevertheless, one large 
class for whom it seems to be made to order. This is the large 
group of practicing chemists, and others, whose training dates 
back to the practices of many years ago, and who want to brush 
up on modern chemistry. This is a perfect “refresher course.”” 


NORRIS W. RAKESTRAW 
Scripps INsTITUTION 
La Jouua, CALIFORNIA 


) VOLUMETRIC ANALYSIS. VOLUME II. 


I. M. Kolthoff, Professor and Head, Division of Analytical 
Chemistry, University of Minnesota, and V. A. Stenger, Analyti- 
cal Research Chemist, The Dow Chemical Company. Second 
Revised Edition. Interscience Publishers, Inc., New York, 1947. 
xiii + 374 pp. 14 figs. 15.5 X 23.5cm. $6. 


Tue extensive revision involved in the new edition of this 
standard work is indicated by the fact that the authors have 
found it necessary to expand the practical part to two separate 
volumes. Oxidation-reduction methods will be treated in Vol- 
ume III; all the other material of Volume II of the old edition is 
included in the present volume, but with very considerable re- 
vision and with a number of additions. 

The general arrangement remains the same but two chapters 
are now devoted to precipitation reactions. The first of these 
deals with argentometric methods and the second with other 
precipitation methods, including such topics as titrations with 
ferrocyanide solution, direct and reverse titration of sulfate with 
barium salt solutions, titrations with lead solutions, and deter- 
mination of fluoride with thorium or zirconium solutions. Addi- 
tions to other chapters include the determination of sulfate after 
precipitation as benzidine sulfate and the titration of sulfides 
and polysulfides in the chapter on displacement titrations, and a 
consideration of sodium carbonate, disodium hydrogen phosphate, 
aluminum chloride, and cerous nitrate as reagents in the chapter 
on acid-base titrations involving hydrolytic precipitation or com- 
plex formation. The determination of organic substances in the 
chapter on special methods of acidimetry and alkalimetry has 
been considerably extended. 
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It is emphasized by the authors that no attempt has been 
made to make the treatment encyclopedic. Emphasis has been 
placed rather on critically selected methods and on limitations 
concerning precision and accuracy. The latter, and material 
dealing with interferences, are discussed in many small-type 
notes on the procedures which are important. 

This is a book which all chemists concerned with analytical 
chemistry should find very valuable. Very properly, emphasis 
is placed on the theoretical principles which have been discussed 
in detail in Volume I. The treatment is not on an elementary 
level but is, in general, very clearly presented. The extent of 
modernization is perhaps best indicated by the fact that of the 
847 numbered references, many of them multiple, approximately 
one-half are to work which has appeared since the last edition 
was published. The authors recognize that they have not been 
able to cover the foreign literature which has appeared since 
1940 adequately. It is unfortunate that two years have passed 
since the manuscript was written and that as a consequence the 
latest literature references are to 1945. 

In connection with the determination of boron it should per- 
haps be indicated that boron-free glass is now available for ap- 
paratus. The treatment of the relative stability of the halides 
and cyanides of mercuric ion on p. 205 is not consistent with that 
given on p. 331. According to Latimer and other standard 
sources, the cyanide complex is more stable than the iodide 
complex. The filtration of concentrated sodium hydroxide solu- 
tions through fritted glass filters as recommended on p. 70 is 
rather rough on the filters. 

The text is fairly free of typographical errors, and the ones 
noted by this reviewer should not lead to confusion. The in- 
dexes are excellent and the book is attractively printed and bound 
although the binding is not uniform with the first volume. 


M. GILBERT BURFORD 


WESLEYAN UNIVERSITY 
MIDDLETOWN, CONNECTICUT 


& CHEMISTRY IN OUR TIME 


George Glockler, State University of Iowa, and Ruby C. 
Glockler. F. S. Crofts and Co., Inc., New York, 1947. xvi + 
667 pp. 141 figs. 14 XK 21cm. $4.50. 


AccorpING to the preface, ‘“‘This volume is written as a result 
of the belief on the part of the authors that the standard text- 
books in college chemistry are inadequate for the needs of those 
students who do not intend to use their knowledge of this science 
in their future vocations.... Present day chemistry is portrayed 
as the science now exists.... In essence the book is mainly de- 
scriptive, with no proofs given to validate its assertions.... The 
book is about chemistry, it is not designed to teach chemistry to 
professional students.”’ 

To meet this objective the authors present and describe factsand 
theories of chemistry with a minimum of mathematics. The 
student is asked to do little reasoning instead of presented with a 
prodigious amount of material to memorize. The questions and 
answers at the ends of chapters summarize the salient points; 
few require the use of numbers. The book is divided into six 
sections: the Concept of Matter, the Concept of Energy, Funda- 
mental Particles, the Scientific Approach, the Divisions of Chem- 
istry, and the Applied Fields of Chemistry. 

Numerous basic facts, laws, and definitions are presented in 
the first two sections without theoretical treatment, as ground- 
work for subsequent development in Section III of the atomic and 
kinetic theories, together with valency and atomic structure. 
Perhaps in a descriptive approach this arrangement has merit, 
though the collateral consideration of fact and theory would seem 
to offer greater opportunity for correlating and remembering the 
many facts. The chapters in Section V contain extensive de- 


scriptive surveys of theoretical, inorganic, organic, biological, and 
analytical chemistry. In general, the selection and development 
of topics in these chapters is good; 


however, the balancing of 
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oxidation-reduction equations seems overemphasized in the 
chapter on theoretical chemistry, little use is made of the periodic 
table in the chapter on inorganic chemistry, and the chapter on 
organic chemistry deals with an enormous amount of material, 


including many topics normally found in advanced courses in the 


subject. : 

The final chapters entitled Chemical Engineering, the Metal 
Industries, the Petroleum Industry, Chemotherapy, Food, Rub- 
ber, Plastics, Textiles and Household Chemistry, as well as the 
section on the scientific approach, would make fine collateral 
reading for students of general chemistry. Other good points in- 
clude the bibliographies at the ends of chapters and at the end of 
the book, the many clear diagrams and tables, and the frequent 
digressions to consider the scientific attitude. 

The book contains few typographical errors, but is printed on 
paper of very poor quality. The binding is average. 

Unfortunately the book appears to have been hastily assem- 
bled. The writing is uneven, the meaning occasionally obscured 
by awkward sentence structure, and the pace varies from too 
leisurely to too rapid, especially in the use of illustrative ex- 
amples. For reference use the book is difficult: the topics in each 
chapter are not numbered and are difficult to locate, since they 
are not in bold face type. Although liberal use is made of italics, 
definitions and statements of laws are commonly lost in the body 
of the text. There are several errors and questionable statements; 
for example, “the only forms of matter that are not and carinot be 
changed by altering the usual conditions are the chemical ele- 
ments” (p. 63). The collateral use of the term combining weight 
in the invariant sense of atomic weight and in the sense of a 
multiple or submultiple of the atomic weight is confusing and 
never clarified, even though the concept of combining weights is 
emphasized (pp. 79-85, 263). The inclusion of metallic car- 
bonates and bicarbonates among organic compounds is unusual, 
as is the suggestion that hydrogen is oxidized in the reaction 

The recent growth of courses in elementary chemistry for 
college students not majoring in science has posed the twin prob- 
lems of selection of subject matter and method of presentation. 
This book merits consideration if only because it presents one ex- 
treme solution—the descriptive approach. 


R. M. SHERMAN 
Brown UNIVERSITY 
PROVIDENCE, RHODE IsLAND 


@ THE STRANGE STORY OF THE QUANTUM 


Banesh Hoffman, Department of Mathematics, Queens College 
New York. Harper & Brothers, New York, 1947. xi + 239 pp. 
13.5 X 20.5cm. $3. 


As THE author states in the preface, “The story of the quantum 
is the story of a confused and groping search for knowledge con- 
ducted by scientists of many lands on a front wider than the world 
of physics had ever seen before, illumined by flashes of insight, 
aided by accidents and guesses, and enlivened by coincidences 
such as one would expect to find only in fiction. 

“It is a story of turbulent revolution; of the undermining of a 
complacent physics that had long ruled a limited domain, of a 
subsequent interregnum predestined for its destruction by its own 
inherent contradictions, and of the tempestuous emergence of a 
much chastened regime—Quantum Mechanics.” 

To the reviewer, who remembers vividly the difficulties he ex- 
perienced in understanding Planck’s earliest paper on the quan- 
tum hypothesis, the stimulation resulting from Bohr’s publica- 
tion, and all the subsequent puzzling situations which confronted 
the so-called classical quantum theory, until they were resolved by 
the wave theory of matter—to one who has been so fortunate as to 
be an eye-witness of “the enchanted pageant” for almost five 
decades, the story told by the author is of extremely absorbing in- 
terest. The story is set forth in dramatic style, “without mathe- 
matics, yet without important omission of concept.” 

The scene opens, in the first chapter (entitled ‘“‘Prologue’’) with 
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a description of the experimental confirmation by Heinrich Hertz, 
in 1887, of the “highly mathematical theory concerning light, 
electricity, and magnetism proposed twenty-three years before by 
the Scottish physicist, James Clerk Maxwell.”’ In order to trans- 
mit the electromagnetic waves, physicists assumed the existence 
of a “luminiferous ether,’’ whose only reason for existing was to 
function as subject for the verb “undulates.” 

The struggle between the dart theory proposed by Sir Isaac 
Newton and the wave theory suggested by Huygens finally ended 
apparently in a complete victory for the adherents of the latter. 

In Chapter II, which is presented by the author as the first 
scene of Act I of the drama, the story is told of the manner in which 
Planck was led to conceive the quantum hypothesis. Thus was 
introduced into physics the mysterious constant “h.”” Whereas 
Planck was somewhat apologetic in expressing his ideas, Einstein 
(1905) boldly went the whole way and “‘developed the startling 
idea of a definite atomicity of energy.”’ This is the topic of 
Chapter ITI. 

Is light a wave or particle? In Chapter IV, entitled ‘“Tweedle- 
dum and Tweedledee,” there are described the results obtained by 
Cc. T. R. Wilson, A. H. Compton, and R. A. Millikan. The 
physicists ‘could but make the best of it, and went around with 
woebegone faces sadly complaining that on Mondays, Wednes- 
days, and Fridays they must look on light as a wave; on Tues- 
days, Thursdays and Saturdays, as a particle. On Sundays they 
simply prayed.” 

Meantime Rutherford had proposed his nuclear model of the 
atom and Niels Bohr combined this model along with the quantum 
hypothesis and classical dynamics to formulate a theory of energy 
levels for atomic systems which yielded not only an interpretation 
of the origin of spectra lines but also a value for the Rydberg 
constant (based solely on values of e, m, and h) in excellent agree- 
ment with the value observed by spectroscopists. To determine 
the electron orbits Bohr introduced a quantum condition and to 
account for the relative brightness of spectral lines he added 
another rule which he called the correspondence principle. These 
developments and the Pauli exclusion principle are discussed in 
Chapters V and VI. 

Chapter VII is entitled, ‘‘Intermezzo, Author’s Warning to the 
Reader.”’ This is followed by ‘‘Act IT,’ consisting of seven chap- 
ters on the new Quantum Mechanics with which the names of de 
Broglie, Heisenberg, Dirac, and Schrédinger are so intimately 
connected, and the development of which depended on the dis- 
covery that electrons can also behave like waves. The author 
draws an analogy between “laundry lists’ and matrices and at- 
tempts to explain in nonmathematical language the “‘momentous 
equation’’: 


h 
WE = ER 

Compared with the abstract ideas of Heisenberg and Dirac, 
Schrédinger’s y seems to offer a more physical picture, since it 
used concepts already prevalent in the discussion of vibrating 
systems. All the different modes of attacking the problem of the 
behavior of atomic systems as well as the wave and particle con- 
cepts of both photons and electrons were finally unified by 
Heisenberg’s Principle of Indeterminary. The final conclusions, as 
italicized by the author, can be stated as follows: ‘There is 
simply no satisfactory way at all of picturing the fundamental 
atomic processes of nature in terms of space and time and causal- 
ity.” 

Again, let us quote the author: ‘The quantum physicist does 
not know whether he knows what he is talking about. But this at 
least he does know, that his talk, however incorrect it may 
ultimately prove to be, is at present immeasurably superior to 
that of his classical forebears, and better founded in fact than ever 
before.” 

Of course, the discovery of the neutron, the positron, and the 
meson is mentioned, and also the phenomena of nuclear fission. 
Though the analogies, especially in discussing the “esoteric” 
ideas of Heisenberg and Dirac, may occasionally appear somewhat 
foreéd, the author has not descended to the mysticism of either 
Jeans or Eddington. He has in fact been very successful and in- 
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spiring in his attempt to present some of the concepts most 
difficult to comprehend in a form that should give the lay reade 
(for whom the volume is intended) more than a “glimpse” into 
the philosophy of the subject. 


SAUL DUSHMAN 
GENERAL ELEctTRIC COMPANY 
ScHEenecTADY, New YorK 


3 A RATIONAL APPROACH TO CHEMICAL PRINCIPLES 


J. A. Cranston, Lecturer on Physical Chemistry, Royal Technical 
College, Glasgow. Blackie & Son, Ltd., London and Glasgow, 
1947. xii+2llpp. 37figs. 33tables.5 8X5.5cm. 5s. 6d. 
net. 


Tuts excellent small volume abandons the historical approach 
to chemistry, starting with the most modern ideas of the structure 
of the atom. Other chapter headings are ““The Arrangement of 
the Electrons,” “The Gaseous State,” “The Liquid State,” 
“Dilute Solutions,’ ‘“Mechanism of Chemical Combination,” 
“Energy of Chemical Combination,” ‘The Electrochemical 
List,” “Oxidation and Reduction,” “Electrolysis,” ‘“The Law of 
Mass Action,” “Influence of Temperature and Pressure,” 
‘Heterogeneous Systems,” and ‘Ionic Equilibrium.” 

This text might be used in a very brief introduction to physical 
chemistry or as an auxiliary reading matter in qualitative 
analysis. 


Ss. B. ARENSON 
1884 LaurREL Canyon BovuLEVARD 
Houtiywoop, CALIFORNIA 


® THE CHEMISTRY AND TECHNOLOGY OF WAXES 


Albin H. Warth, Chemical Director, The Crown Cork and Seal 
Co., Baltimore, Maryland. Reinhold Publishing Corporation, 
New York, 1947. 


From a time long before Ulysses plugged the ears of his sailors 
with wax to keep them from going on the rocks at the siren’s 
call, wax has been an important item of commerce and tech- 
nology. It is surprising to find that during the past twenty 
years only two books in English, one of which is being reviewed, 
have appeared on the subject in spite of the fact that almost 
unlimited numbers of synthetic waxes and wax-like materials 
have been produced during this period and found their way into 
large tonnage applications. 

Warth has collected into one volume a large amount of informa- 
tion from scattered sources and is to be commended particularly 
on his extensive coverage of natural waxes. Good descriptions 
are to be found of all the common waxes of commerce, beginning 
with the prototype beeswax; and large numbers of waxes of no 
commercial importance but of interest and bearing on the subject, 
even to the wax from the tubercle bacillus are described. Odly, 
human ear wax has been overlooked although it features in folk 
medicine. 

Particularly to be commended is the discussion, brief as it is, 
of the metabolic processes leading to wax formation, and also 
the discussion on the ecology of waxes. These two sections show 
both how waxes are synthesized in the organism and why living 
organisms produce them. It is interesting to find that waxes 
form an important part of cell walls, providing the necessary 
blockage to water and solute migration, and that the leafy 
surfaces of desert plants are protected from excessive transpira- 
tion by wax, which may be in continuous films or in discreet 
particles and may accumulate to more than a millimeter thick- 
ness. Also, the leafy surfaces of plants in rainy areas are pro- 
tected from the water by wax. 

Ample space is given to the very important mineral waxes 
obtained from fossil deposits of plants and from petroleum. 

If the book has a weakness, it is probably that the treatment 
of synthetic waxes and wax-like compounds has been too brief, 
consistent with their technical and industrial importance. Al- 
though the natural waxes have physical and chemical properties 
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varying through a considerable range, the synthetic products 
have so extended the range of properties as to open up new 
fields of application. 

Adequate treatment has been given emulsifiable wax, waxy 
acids, and metallic soaps, as well as to methods for determining 
the constants of waxes. Chapter 9 on wax technology serves 
more to suggest to the reader methods of application of waxes 
to specific problems than as a cookbook of recipes and formulas. 
There is a useful table of physical constants given in the Ap- 
pendix. 

It is the reviewer’s opinion that the interest of the reader 
would have been served by the inclusion of more data in tabular 
form, and perhaps by the inclusion of more graphs, line drawings, 
and flow sheets in place of some of the photographs and the pen 
and ink drawings. 


8. S. KISTLER 
Norton Company 
WorcestTeR, MASSACHUSETTS 


6 HEAT 


Archie G. Worthing and David Halliday, respectively, 
Professor and Assistant Professor of Physics at the University of 
Pittsburgh. John Wiley and Sons, Inc., New York, 1948. 245 
figs. xii + 522 pp. 15 X 23 cm. $6. 


Tuts book, written by two physicists, ‘includes material 
appropriate for a first undergraduate course to follow an intro- 
ductory course in physics and for an advanced course for college 
seniors and early graduate students.”” Chemists and engineers 
study much of the material contained in this book in courses in 
their departments, rather than in physics. Hence, this book 
is one that wili be especially helpful to both student and instruc- 
tor because of the emphasis given to experimental methods. 
Too frequently the student knows everything about a particular 
function, except how it could be determined in the laboratory. 
The knowledge of the experimental methods gives a definite 
basis on which the theoretical ideas can be grounded. “Many 
of the 245 figures illustrate diagrammatically experimental 
equipment for the subject being discussed. 


The 13 chapters found in the book are entitled: ‘Some 
Laboratory Procedures,” “Temperature and Its Measurement,” 
“The Expansivities of Solids and Liquids,” “The Dynamical 
Theory of Heat,” “Calorimetry,” ‘Specific Heats of Solids and 
Liquids,” ‘Thermal Conduction of Solids and Liquids,” ‘‘Ther- 
mal Properties of Gases,’ ‘Elementary Thermodynamics,” 
“Change of Phase,” “Heat Engines, Refrigerators, and Human 
Power Plants,” ‘Convection,’ “Radiant Energy.”’ The ap- 
pendix contains a derivation of the Maxwell equation for velocity 
distribution of molecules of an ideal gas, a section on the 
properties of determinants, tables of physical properties, and 
mathematical functions. 

A number of innovations will be found in this book, all aimed 
at clarifying our present indefinite nomenclature. The verb 
“to mass” has been introduced to apply to the action when the 
analytical balance is used and the verb “‘to weigh” has been 
reserved for the use of the spring scales. The abbreviation 
“pd” is introduced for the mass pound and “‘Ib”’ is reserved for 
the force pound. Such exactitude is not always followed, for 
the authors prefer to define the calory (sic) and British thermal 
units in terms of the heat required to raise the temperature of 
water, rather than use the defined calorie or international steam 
table B.t.u., both of which are defined in terms of electrical units. 

The reviewer recommends this book to all instructors, whether 
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chemistry or engineering, whose courses discuss heat and its 
transformation and thermal properties. Graduate students 
interested in thermodynamics, and likewise men in industry, 
will find that this book will clarify many simple but hazy notions 
that they may have concerning heat and its behavior. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


& CALCIUM AND PHOSPHORUS IN FOODS AND 
NUTRITION ; 


Henry C. Sherman, Mitchill Professor Emeritus of Chemistry, | 
Columbia University. Columbia University Press, New York, 
1947. vi+176 pp. 12tables. 7 figs. 14 X 22cm. $2.75, 


Caucrum and phosphorus are the most abundant mineral 
elements in the bodies of vertebrate animals. However, human 
infants are born calcium poor and must increase not only the 
amount but also the percentage of calcium in their bodies to 
accomplish normal development. A tenfold concentration of 
the phosphorus content of the environment is called for in de- 
velopment of the vertebrate body. Plants contain their highest 
concentration of calcium in the leaves, while phosphorus tends | 
to concentrate in the seeds. Cattle, living largely on the leafy 
parts of plants, may suffer from phosphorous deficiency, and | 
man runs a risk of a calcium shortage since he subsists largely 
on grains. 

With this background, the author considers the problems 
involved in the attainment of nutritional well-being as it is de- 
termined by these mineral elements. The book is written from 
a strictly nutritional point of view and reviews in detail experi- 
ments on animals and humans that give data on the levels of 
intake of calcium and phosphorus that lead to their maximum 
retention in the growing individual and maintenance in adult 
life. The thesis that a condition of higher health, well above 
the merely adequate or passable, may be attained through 
nutrition is developed, as far as calcium is concerned, by a 
critical review of the well-known experiments of the author and 
his collaborators. In these experiments, a diet demonstrated 
to be adequate through sixty-two generations of rats, when 
further enriched by calcium led to higher vitality of the animals, 
especially as shown in breeding records, longer period before onset 
of senility and increased life expectancy. 

A chapter is devoted to the food sources of calcium and phos- 
phorus and the influence of foods on the utilization of calcium 
and phosphorus. 

The author discusses the state of calcium in the blood and bone 
and the role of the bone trabeculae in helping to maintain the 
optimum calcium concentration in the blood. The chemical 
forms and functions of phosphorus in the body are summarized 
very briefly. 

An extensive selected biography of over 500 titles gives ample 
references to the reader who desires to pursue in greater detail 
the physiological and medical aspects of the subject. 

Short as this book is, the reader will get from it a broad picture 
of the present knowledge of calcium and phosphorus in animal 
and human nutrition. He is given a vista of the benefit that 
may accrue to the human race as further understanding is ac- 
quired, not only with respect to the mineral elements, but to 
other nutritional factors as well. 


F, A. CAJORI 
UNIVERSITY OF CoLORADO ScHOOL OF MEDICINE 
DENVER, COLORADO 
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T nis 1s going to be about logophobes and logophiles. 
(Frankly, I never heard those words before, but they 
will do, if my hazy recollection of Greek doesn’t deceive 
me.) 

The former is afraid of words, afraid that they will 
commit him to too much, that they may not mean what 
he intends, that, used wrongly, they will brand him as 
an ignoramus—which must be prevented at all costs. 

It is worth while to distinguish between the obligate 
logophobe and the facultative logophobe, the former hav- 
ing a really inherent repugnance for words, growing— 
perhaps—out of an early inferiority complex, a warped 
view of the social structure of the day, or maybe just a 
cultivated rebellion against the established standards of 
behavior, living, and speech. The facultative species, 
on the other hand, shows his peculiarities only on occa- 
sion, when he finds his head sticking out conspicuously 
above the group, or when he feels that greater refine- 
ment of speech would be as out of place as last night’s 
dress suit worn home on this morning’s trolley car. In 
fact, the logophobe is more to be pitied than deplored; 
his plight is a disease—a deficiency disease, to be sure. 
He either “lacks what it takes” or he is the victim of 
frustration. 

The “‘scrappy little cusses,’’ almost without exception, 
are logophobes. It is not that they lack words—good- 
ness, no!—but they take their strength from a studied 
rebellion against the gentler, refined parts of speech, 
thus proving their independence (come hell and high 
water, so to speak). I know a seven-year-old who falls 
neatly into this category; he knows and appreciates 
. the substantial, polite words, but he pieces out his di- 

minutive stature with the proscribed, four-letter ones. 
But the logophile, now there’s a fellow for you! His 
plight is not a disease—it’s a calamity. He positively 
hides behind words, attempting thus to make himself 
invulnerable. I have one of these in mind. He never 
uses a ten-cent word when he can possibly cram a six- 
bit one into the same place. Unfortunately, his bank 
account seems to he limitless, for he never manages to 
overdraw it. There is only one species of this ilk (to 
return to the original metaphor), the obligate, for there 
are practically never any occasions on which they fail 
to show their distinguishing characteristics. 
These fellows can make an editor’s life almost un- 
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bearable, and wear all his blue pencils down into mere 
morsels. Anyone who wants to “make friends and in- 
fluence people’’—particularly the latter of the two ob- 
jectives—should learn to say the thing quickly and 
simply and not get his listeners all tangled up in gram- 
mar and etymology. What, mind you, are the things 
that hold the attention of the crowds? They press 
around the monkey cages because there they see the 
little things, the simple things, the understandable 
things that they would do themselves if they had the 
right kind of hands and feet (and tails!); while the ele- 
phants, impressive to be sure from the standpoint of 
pure bulk, are after all only ponderous repositories for 
peanuts. 

One can feel little pity for the logophile; he is a trifle 
disgusting. Usually he knows better but won’t do any- 
thing about it. Sometimes he is the poorly advised 
social climber trying to lift himself into a higher level 
by verbal inflation. 

The government bureaus and other agencies for dis- 
pensing public information seem to be excellent incu- 
bators for the nurture of logophiles, as anyone knows 
who has occasion to read many reports and news re- 
leases. Witness the reference to the ‘Prevention of 
Deterioration Abstracts Committee,’ which after all, 
reveals only one logophilic idiosyncrasy, the worship 
of the NOUN. A judicious sprinkling ,of prepositions 
here and there and the occasional reconversion of a 
noun into an infinitive or present participle will do won- 
ders to the sense of an otherwise incomprehensible para- 
graph. (Just try it on this last sentence!) It is re- 
markable that we Americans, a nation of professed “‘go- 
getters,” are rapidly developing an official language al- 
most devoid of words of ACTION. Does the light 
SHINE? No, it invariably “shows a strong tendency 
toward luminescence!’ 

And mind you, logophilia is a direct contravention of 
scientific principle. The injunction against using a 
complicated explanation when a simpler one is just as 
effective has its counterpart in the use of words. Gen- 
erosity is a fine virtue, but there are times when it is 
better all around to be parsimonious—even at the risk of 
seeming stingy. It saves time, paper, and wear and 
tear on the typewriter, the editor’s nerves, and the 
reader’s patience. What do you think? 





Chemical Education in American Institutions 


Ixreresr in scientific work in the South, especially in 
chemistry as applied to agriculture, dates back to the 
founding of the oldest state universities in this area at 
the beginning of the nineteenth century; and this 
appreciation of the value of our science has continued 
through the years. Normally this would have led to a 
rapid scientific development in these institutions at an 
early period, but unfortunately this natural progress 
was either interrupted or greatly retarded by the rigors 
of the Civil War and Reconstruction days. It was not 
resumed to any considerable extent for many years, and 
as a result the departments of chemistry in southern 
institutions have made substantial progress only since 
the close of the last century, although they have a longer 
history than many of their counterparts in other sec- 
tions of the country. The history of the development 
of Duke University and its department of chemistry is 
typical of this situation and it may be of interest to re- 
count it briefly. 


LUCIUS A. BIGELOW, WARREN C. 
VOSBURGH, and JOHN H. SAYLOR 


Duke University, Durham, North Carolina 


It was in 1838 that a group of serious-minded 
Methodists and Quakers came together in Randolph 
County, North Carolina, and founded Union Institute, 
the original forebear of Duke University. In 1851 it 
was Normal College, primarily for the training of 
teachers, and in 1858 it associated with the Methodist 
Church and became Trinity College. This school 
showed marked strength, survived the Civil War, and, 
after many hardships, was moved in 1892 to Durham, 
largely through the interest and generosity of the Duke 
family, whose continuing benefactions made it even in 
that time the most heavily endowed college 1 in the South 
Atlantic States. 
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It was just prior to this move that chemistry had be- 
come sufficiently important at Trinity to warrant a full 
professorship and just subsequent to it that the Crowell 
Science Hall was erected on the campus at Durham to 
house the scientific work of the college. Another 
notable achievement was the uncompromising adher- 
ence of the college to the principles of academic freedom 
in the face of stress, and this valuable heritage has not 
been lost with the passing years. The advent of the 
first World War brought rapid advances. The Gradu- 
ate School was first envisaged in 1916; the Summer 
School, already pioneered by the Department of 
Chemistry, was formally opened in 1920; and shortly 
thereafter the forerunner of the present Research Coun- 
cil was set up with the ultimate purpose of supplying 
grants-in-aid to members of the faculty. Later a 
cooperative arrangement between the Chemistry De- 
partment and the tobacco industry further symbolized 
the services of the college to the community. Much of 
this activity drew inspiration from Dr. Paul M. Gross, 
who was appointed Chairman of the Department in 
1922 and is now, in addition, the Dean of the Graduate 
School. Such was the situation in 1924, when the 
college became the principal beneficiary of the munifi- 
cent Duke Endowment, at which time its name was 
changed to Duke University. Quite appropriately the 
endowment indenture specifically names chemistry 
among the important fields of knowledge to be fostered 
by the university. 

Shortly after the establishment of the endowment 
the Graduate School was formally launched and a great 
building program was begun. At first the sciences were 
housed in a modern building erected on the original 
campus, soon to become the Woman’s College campus, 
and a few years later, in 
1931, the Department of 
Chemistry moved into its 
own building and took its 
place among the other de- 
partments and schools of the 
university on the new men’s 
campus, as illustrated in 
the accompanying photo- 
graphs. In 1938, our cen- 
tennial year, Duke Univer- 
sity was admitted to the 
Association of American Uni- 
versities, largely as a result 
of the varied scholarly ac- 
tivities of the faculty and 
students of the Graduate 
School. This important 
recognition came only one 
short decade following the 
granting of the first Doctor- 
ate degree by the University 
in 1928. Today the Gradu- 
ate School has close to three 
hundred students, of whom 
more than forty are in the 
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Department of Chemistry ‘and the total number of stu- 
dents in the Greater University has risen to over forty- 
seven hundred, including a thousand women. This 
brief historical sketch represents the background and 
development against which the present activities of the 
Department of Chemistry must be viewed and evalu- 
ated. 


BUILDING 


The chemistry building at Duke, whose present re- 
placement value would well exceed a million dollars, has 
a Gothic type of architecture which harmonizes well 
with the other buildings on the campus. It is almost 
completely fireproof, and has a floor area of 57,000 
square feet, of which 9500 square feet is available for 
research purposes. The building contains a lecture 
room with good acoustics and a seating capacity of 280, 
an excellent library, five class rooms, twenty-five re- 
search rooms of various sizes, together with an ample 
number of laboratories, offices, stock rooms, and other 
usual facilities. It is provided with a particularly 
efficient ventilating system, good lighting, all necessary 
services throughout, including Duriron drains, and a 
well-equipped shop, as well as the usual and specialized 
apparatus required for the varied activities of the de- 
partment. Although the building construction is of an 
expensive type, especially in such matters as the venti- 
lating and drainage systems, the wisdom of this ad- 
ditional original investment has been amply demon- 
strated by the relatively low maintenance and upkeep 
costs over the ensuing seventeen years. Now in use to 
its fullest capacity, this building has proved not only 
serviceable and adaptable but also a really pleasant 
place in which to work. 


The Chemistry Building 
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View in the Departmental Shop 


UNDERGRADUATE INSTRUCTION 


The basic aim of the department on the undergradu- 
ate level is to provide four fundamental and compre- 
hensive courses in general, analytical, organic, and 
physical chemistry, with little opportunity for speciali- 
zation at this stage, in order that the student may have 
ample time for supporting courses in physics and 
mathematics, as well as work in the humanities and 
other fields designed to broaden his training. 

In general the undergraduate students who take 
chemistry at Duke may be divided into three main 
classes: 1, candidates for the B.S. degree who are train- 
ing to be chemists; 2, candidates for the A.B. degree 
with a major in chemistry; and 3, premedical students, 
engineers, students in related sciences, and others seek- 
ing to fulfill their science requirement. The first group 
must naturally take the four fundamental courses and, 
in addition, one semester each of advanced quantitative 
analysis, qualitative organic analysis, and physico- 
chemical methods of analysis. Outside of the depart- 
ment they must take at least a year of physics, French, 
and German through the second college year, and a 
year each of English, social science or history, and re- 
ligion. About a dozen students complete this exacting 
course in a given year, and it is the purpose of this 
program to see to it that they receive the most thorough 
undergraduate training in chemistry which the depart- 
ment affords, which also meets all the essential require- 
ments as laid down by the American Chemical Society 
for the training of chemists. 

With regard to the second group, the department 
fully recognizes the importance of chemistry to many 
students who do not necessarily intend to become full- 


fledged professional chem- 
ists. To meet the needs 
of such students there is 
offered an A.B. degree 
, . with a major in chemistry, 
which although providing 
sound training in the fun- 
damental courses does not 
require as high a degree of 
specialization as is expected 
of the first group, and may 
include, for example, a 
course in physical chemis- 
try for which calculus is 
not a prerequisite. About 
twice as many students 
per year will complete the 
requirements in this group, 
including .a number who 
are preparing for medical 
school, and a substantial 
proportion of women inter- 
ested in sound chemical 
training. 
The third group is by far 
the largest in the depart- 
ment and comprises the greater part of the 500 students 
who enter the freshman chemistry course each year. 
Of these more than one-fifth are women who receive 
instruction, while freshmen, in the science building on 
the Woman’s College campus. Of the men, nearly one- 
half are premedical students, nearly a third are engi- 
neers who go no further, and perhaps a sixth are pros- 
pective majors and students who will specialize later on 
in related sciences such as physics, mathematics, 
zoology, botany, or forestry. The premedical students 
must take one semester of analytical chemistry and a 
year of organic chemistry in order to complete the mini- 
mum requirements for admission to medical school. 
These students are required to meet high standards 
throughout as a suitable preparation for the rigorous 
work which will be required of them later. ' 
While many of the elementary courses are taught 
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along well-recognized lines, some of them may merit 
special comment. All students who go beyond one 
year of chemistry are required to take a course, “Fun- 
damentals of Analytical Chemistry,” replacing the 
usual course in qualitative analysis, part of the latter 
being covered in the second semester of the freshman 
year. This course includes material usually dealt with 
in both qualitative and quantitative analytical courses. 
The laboratory work begins with a few of the simpler 
methods of quantitative analysis (gravimetric, volu- 
metric, and colorimetric) and some qualitative experi- 
ments on reactions of electrolytes. These are followed 
by quantitative experiments dealing with equilibrium, 
pH, and solubility product, which have been found 
especially helpful in teaching the theory. A little 
semimicro qualitative analysis covering the hydrogen 
sulfide and ammonium sulfide groups is also included. 

The course in organic chemistry is taken by all of the 
uppercilass students in the department. In this course, 
which must in the nature of things deal with a large 
mass of descriptive and statistical material, it is made 
clear to the student that he must not only learn about 
but also think about his subject. This emphasis upon 
the value of understanding as opposed to memory alone 
runs through all courses in the department and it is re- 
garded as of fundamental importance. 

Finally, it may be pointed out that the work in physi- 
cal chemistry is organized along somewhat different 
lines than is commonly the case. This organization is 
based on the concept that the student should receive 
two different types of training, the first in basic princi- 


ples very simply illustrated, and the second in physico- 


chemical instrumentation. These objectives are 
achieved through two courses, the first a basic course 
designed to present and develop the fundamentals of the 
subject as clearly as possible from the standpoint of 
both theory and simple experiment. ‘The second ob- 
jective is achieved through courses in instrumental and 
physicochemical methods of analysis where familiarity 
with many modern instruments is attained. These in- 
clude, for example, the spectrophotometer and other 
optical instruments, the potentiometer, the polaro- 
graph, the platinum resistance thermometer and a ppa- 
ratus for measuring conductivities and dielectric con- 
stants. 


GRADUATE INSTRUCTION 


The chief purposes of the department on the graduate 
level are to train students to become independent 
leaders in their respective fields, either in educational 
or research institutions or in industry, as well as 
to foster and encourage the scholarly output of the 
members of the faculty. 

At the present time there are more than forty gradu- 
ate students at work in the department, which over the 
past twenty years has sent out more than fifteen per 
cent of the Doctors of Philosophy coming from the 
Graduate School, and the highest proportion coming 
from any single department in the University. . ‘The 
requirement for the Master’s degree is thirty semester 
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hours of graduate work, of which six semester hours 
must be taken as a minor in another department, 
usually physics but occasionally biochemistry, and six 
hours is allowed for a thesis. Most students do not 
stop at the Master’s degree, and quite a number go on 
without taking it, although it is considered that writing 
a Master’s thesis and taking an oral examination upon 
it constitutes good training for subsequent Doctorate 
work. 

The requirements for the Doctorate in Chemistry 
may be considered as divided into two parts, first, 
graduate courses and other preparation leading to the 
preliminary examinations, and second, productive re- 
search suitable for ultimate publication. As on the 
undergraduate level, the emphasis in course work is 
largely upon fundamentals and narrow specialization is 
not permitted. All students are required to take 
courses in thermodynamics, advanced organic, and ad- 
vanced inorganic chemistry, and unless undergraduate 
preparation in analytical chemistry has been unusually 
thorough, advanced work in this field is included. 
Additional courses are chosen in accordance with the 
student’s aptitudes, interest, and field of research, in- 
cluding a minor which is usually in physics but occasion- 
ally in biochemistry, the latter department being a unit 
in the medical school. There is no stated requirement 
for the minor, the rule being that the department in 
which it is taken must be satisfied. The exact program 


Booth-Podbielniak Low Temperature Fractionating Unit in the Fluo- 
rine Laboratory 
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of courses is ultimately determined by the faculty com- 
mittee which is in charge of the individual candidate. 
Preliminary examinations, both written and oral, cover- 
ing the four branches of chemistry and the minor, are 
given near the beginning of the second or third year of 
the candidate’s residence, at which time thorough prepa- 
ration and much promise must be demonstrated. 

The student’s program of research is usually initiated 
as soon as he is able to select a director and a problem. 
Though progress may be slow while course work is his 
chief concern, it is felt that the research point of view 
gives him more appreciation of the value of the courses 
and encourages him to make the most of them. After 
the preliminary examinations have, been passed the 
student devotes nearly all of his time to his research 
problem until in the opinion of the director the results 
are adequate and complete. Finally, the student must 
defend his thesis successfully before his committee, in 
accordance with the usual custom. 

All members of the staff of instructor’s rank or higher 
are encouraged to carry on and to direct research, and 
practically all of them are actively engaged in this work. 
While space does not permit a complete discussion of all 
these research activities, a brief description of some of 
the projects for which this department is better known 
may be desirable. 

Following the interest in the chemistry of fluorine 
stemming fr. m the first World War, a program of fun- 
damental research dealing with the direct and later also 
the indirect fluorination of organic compounds was be- 
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gun in this department in 1928 and has continued with- 
out interruption to date. Although always operated 
on a modest scale, this pioneering program over an 
eighteen-year period has resulted in the preparation and 
thorough characterization of a number of new highly 
fluorinated aliphatic organic compounds possessing 
distinctly unusual physical and chemical properties, as 
well as the accumulation of much information regarding 
the methods of preparation, quantitative analysis, and 
general behavior of such substances. This knowledge 
proved to be of considerable importance as a stepping 
stone to the expanded development of the chemistry of 
organic fluorine compounds which came during the 
second World War as a result of the activities of the 
Manhattan Project. The equipment and facilities 
available for this work are excellent, including a number 
of fluorine generators of various types, a specially ven- 
tilated room for carrying out direct fluorinations and 
complete equipment for the separation and characteri- 
zation of organic fluorine compounds by means of both 
low and high temperature precision rectification. 

A second prominent line of research activity in the 
department is concerned with the problems involved 
in the development of new types of voltaic cells and 
batteries. In addition to the usual apparatus for pre- 
cise electromotive force measurements over a range of 
temperatures, there is also available complete equip- 
ment for phase rule investigations and for studies of 
complex ions by means of magnetic susceptibility 
measurements. 


Two other important lines of activity in organic 
chemistry should be mentioned. One of these is a com- 
prehensive study of the mechanisms of organic re- 
actions, especially those involving the application of the 
electronic theory of valence to condensations and 


eliminations. These theoretical considerations have 
proved particularly successful in predicting new and 
unusual types of reactions which the older theories did 
not contemplate. The third area of interest in organic 
chemistry is in the production of carcinogenic hydro- 
carbons and their derivatives and a study of the re- 
lation of organic functional groups in molecules to their 
fungicidal activities. 

Of special interest in the field of physical chemistry 
are the research problems dealing with the dielectric 
properties of molecules and the theory of solutions. 
For the former, equipment of unusually high precision 
for the measurement of the dielectric constants of 
solutions and of gases is available. Among the results 
of this work may be mentioned the determination of the 
equilibrium constants of the monomer-dimer equilib- 
rium of carboxylic acids in very dilute nonaqueous sol- 
vents, as well as the highly precise determinations of the 
dipole moments and dielectric constants of organic 
vapors. The work on the theory of solutions has in- 
cluded the development of new methods for determining 
the solubility of slightly soluble organic compounds, 
such as benzene and other hydrocarbons in water and 
aqueous solutions, and has led to a better understanding 
of the salting out of organic molecules from aqueous 
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solution, as well as a new 
approach to the theoretical 
behavior of such solu- 
tions. 
The research in the De- 
partment of Chemistry isnot 
confined solely to projects 
such as have been outlined 
above where the emphasis 
is primarily on experimental 
research, but includes theo- 
retical work along other 
lines. This can be well illus- 
trated by a significant theo- 
retical development looking 
toward an explanation of 
the striking phenomena 
whichoccurat extremely low 
temperatures, as, for ex- 
ample, in the case of liquid 
helium near absolute zero 
and in the behavior of super- 
conductors at such tem- 
peratures. This work has 
laid the foundations for a 
general theory of so-called 
superfluids which has as- 
sumed a leading position in 
present-day interpretations of these phenomena. 
Some measure of the vitality of the research work of 
any group can be obtained by looking at the scope and 
extent of its published work. The department of 
Chemistry at Duke University, as a graduate research 
group, is relatively young in comparison with similar 
departments in American universities, having been in 
effective operation for only some fifteen years. In 
spite of this, the publications from the Department in- 
clude a list of well over three hundred papers covering a 
wide scope of research activity ranging from experi- 
mental work in agricultural biochemistry through the 
more conventional fields of inorganic, analytical, or- 
ganic, and physical chemistry to the highly theoretical 
aspects of chemical physics. This publication record 
compares favorably with that of leading departments of 
chemistry in the country when the limited size of our 
group is taken into consideration. 


LIBRARY 


It is naturally axiomatic that good research requires a 
good library, and in this respect we are very fortunate. 
The main library of Duke University contains approxi- 
mately nine hundred thousand volumes, as well as over 
4 million manuscripts, and in terms of books is the larg- 
est library in the entire South. Even now a new wing 
is being constructed to house its ever-increasing col- 
lection. It operates in close collaboration with the 
library of the University of North Carolina, which is 
only some ten miles distant, and in this way about one 
million four hundred thousand volumes are made avail- 


View in the Departmental Library 


able to the students and faculties of both institutions. 
The Chemistry Department library is part of the main 
library but located conveniently in the chemistry build- 
ing. The long, well-lighted room, with its Gothic 
windows, massive tables and rows of stacks, is not only 
pleasant but definitely conducive to research and study. 
It contains nearly twelve thousand bound volumes, 
subscribes to two hundred and thirty-seven serials, and 
in terms of serial runs is one of the two largest chemistry 
libraries in the South. Some of the long serial runs con- 
stitute a source of considerable satisfaction, since the 
oldest of these goes back without interruption to 1790. 
It may be of interest that the subscription list for 
scientific serials in all the departmental libraries of the 
University numbers nearly two thousand five hundred. 

All graduate students in the department are given 
keys to the library. As a result it is not'uncommon to 
find such students, in addition to faculty members, 
using these facilities every day in the week and at nearly 
all hours. It is true that this arrangement involves the 
loss of a few books each year, but it is felt that the value 
received under this system far exceeds the cost of re- 
placements. 


POLICIES AND PHILOSOPHY 


It is undoubtedly true that every university depart- 
ment has its policies, its philosophy of education, and 
its less tangible yet very real individual atmosphere, 
and in this respect Duke presents no exception to the 
general rule. Some of these policies are clear and 
definite, such as the customs and practices of depart- 
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Infra-red Spectrometer and Associated Equipment 


mental operation which experience has shown are likely 
to produce good results; while others are very difficult 
to catch and put into words, such as the ideals and at- 
mosphere of the department, although these exert no 
small influence upon those who work here. For ex- 
ample, in so far as practicable it is a matter of policy 
that only fundamental courses be taught, that the staff 
should not be burdened with excessive loads or overly 
large sections, that all students should be adequately 
supervised and challenged to think instead of to memo- 
rize, and that research should be encouraged in every 
way possible, including fullest access to the library 
facilities. There is no doubt that these as well as many 
other similar things which need not be listed here have 
contributed much to the efficient and harmonious opera- 
tion of the department. 

With regard to a philosophy of education, however, 
perhaps the most outstanding item which could be 
singled out is adherence to the principle that students 
should be trained individually according to their inter- 
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ests and aptitudes in so far 
as possible. This point of 
view is reflected at the gradu- 
ate level through the set- 
ting up of individual com- 
mitteestoorganizeand guide 
each student’s program, 
both for the Master’s and 
Doctorate degrees. These 
programs are fitted, so far as 
possible, to the student’s in- 
dividual needs and take cog- 
nizance of his degree of prior 
training and development. 
Such a procedure is only 
possible by virtue of the fact 
thattheratio of instructional 
staff to students is a very 
favorable one, both on the 
undergraduate and gradu- 
ate levels. Thus, there is 
a total of only some forty 
students doing graduate 
research in chemistry and 
their work is supervised by 
ten staff members who are 
actively concerned with both 
graduate instruction and 
research. Under these circumstances, each student re- 
ceives a great deal of individual attention, a condition 
which is greatly to be desired. This situation not only 
makes for sounder development of the students them- 
selves, but is an important factor in relation to the 
proper placement of our graduates in positions best 
suited to their capabilities. 

In the last analysis, the spirit and atmosphere of a 
department must necessarily emanate from the person- 
alities of those who direct its activities, and to a lesser 
extent from those who cooperate in the work. Suffice 
it to say that there exists at Duke a team of fifty co- 
workers, including staff, graduate fellows, assistants, 
and scholars, whose diversified research activities pro- 
vide the leadership for the work of the department as a 
whole. With this leadership we like to believe that this 
is a place not only where many things are done well 
each day, but also where no sincere student seeking in- 
spiration, scientific knowledge, or kindly guidance is 
ever likely to be turned aside. 





In the expansion of the chemical industry which we can foresee there must also be 
expansion of educational facilities, and we must find people who can and will take 
advantage of them. Employers must face the problem of encouraging their em- 


ployees of all grades to continue to study after they leave school. 


Employers may 


have to provide the facilities as well as the incentive. Close liaison between technical 
colleges and employers is indicated; we want more teachers, more colleges, more 


teaching facilities. 


—From The Chemical Age 
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Symposium on Lecture Demonstrations 








Tue pest lecture demonstration in the world is a 
failure if poorly staged. By intensely lighting from 
below, or spotlighting from above, color changes, the 
formation of precipitates, or the evolution of gases 


can be made visible to large 
audiences. A portable lec- 
ture demonstration box to 
serve this purpose is shown 
inFigure1. Toggle switches, 
on the back of the box, 
control the spot and photo- 
flood lights. The extension 
back is raised whenever re- 
actions are to be carried 
out in tall cylinders; the re- 
mainder of the time it is 
down to permit the lecturer 
to mix solutions from di- 
rectly behind the box. 


Demonstrations on a Semi- 
micro Scale. Just as semi- 
micro techniques save time 
and materials for the stu- 
dent, so also lecture demon- 
strations on a semimicro 
scale are a boon to chem- 
istry teachers who lack a 
lecture assistant or expen- 
sive chemicals. The author 
conducted an evening course 
in General Chemistry fifty 
miles from home and _ per- 
formed dozens of experi- 
ments with equipment which 
could be carried to the lec- 
ture hall in a brief case 
and set up in five minutes. 
To accomplish this, the rea- 
gents—solids and solutions— 
were stored in plastic-cap- 
ped, 1 X 38-inch, glass vials; 





1 Presented before the Division 
of Chemical Education, Sympos- 
ium on Novel Lecture Demon- 
strations, at the 112th meeting of 
the American Chemical Society, 
September, 1947, New York City. 
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vial is spotlighted. 
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and the reactions were carried out in these very vials. 
To make the colors of solutions and precipitates visible 
to a class of 100 students is not at all difficult if the 
A convenient arrangement is to 
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fasten a glass shelf six inches below the fluorescent 
lamp of a “titration illuminator’ (Fischer Scientific 
Company No. 11-991-5). In many of the experiments 
the reagents are not consumed, so the vials may be 
capped and Jaid away with the reagent still in them 
for repeated use. In fact, preparing a thousand vials, 
which were placed in fifty different drawers corre- 
sponding to fifty lectures, was the work of but a few 
days, and these vials could be used over and over, from 
year to year, refilled from stock solutions, 100 ml. of 
which would last for several years. No need of an 
assistant! 

Typical demonstrations follow: (a) HS water is 
added to a row of vials containing various cations. 
(b) Chlorine is generated from NaCl + MnOz + 
H.SQ,, the vial being placed on a hot plate. (c) A 
polished steel plate is dipped into a vial containing 
cupric sulfate solution. (d) The law of conservation 
of mass can be demonstrated on a semimicro scale. 
Often it is demonstrated by inverting a 2-liter flask 
containing 1000 ml. of lead nitrate solution in which 
is placed a test tube filled with potassium iodide solu- 
tion; and showing, by the use of a large delicate 
balance, that no change in weight accompanies the 
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reaction. It is just as instructive to carry out the 
experiment in a 1 X 3-inch vial containing 20 ml. of 
lead nitrate solution in which there is a 6-mm. tube 
holding 3 ml. of potassium iodide solution. The via] 
and contents are suspended by a rubber band against 
the blackboard and the position marked. After show- 
ing that a small additional weight, such as a paper 
clip, stretches the band, the vial is inverted, mixing 
the two solutions. No increase in weight is observed, 
(e) Conductivity can be illustrated by means of a special 
apparatus. Two lamp sockets are connected by a 
two-inch nipple. A hole is bored in the side of the 
nipple and the sockets are wired in series. A lamp 
bulb is screwed into one socket. Into the other is 
screwed a burned-out 150-watt bulb whose glass has 
been discarded, the stout lead-in wires of the lamp 
serving as electrodes. The device is clamped upright, 
plugged into 110 volts a. c., and various vials con- 
taining electrolytes, or nonelectrolytes, raised up to 
immerse the electrodes. After this experiment the 
solutions are left in the vials, which are laid away for 
use again. 

Many other demonstrations on a semimicro scale 
will suggest themselves to the imaginative teacher. 


SPONTANEOUS COMBUSTION 


Te reaction between white phosphorus and the 
oxygen of the air lends itself readily to a demonstration 
of spontaneous ignition. The subsequent combustion 
of the phosphorus.-is rapid and highly exothermal. 


Py + 502 — P,Oi0 + 740,000 calories 


In order to simulate as nearly as possible the spon- 
taneous combustions that plague us ordinarily the 
phosphorus is given a large specific surface by spreading 
it very thinly over the strands of steel wool (No. 0), 
glass wool (medium), or cotton in little balls of these 
materials. When the slow initial reaction has raised 
the temperature to the kindling point, and the phos- 
phorus on the ball inflames, it may easily be ex- 
tinguished by grasping the ball with a pair of tongs 
and dropping it into water. 

The balls are about 1 in. in diameter and are made 
by rolling the original fibers between the palms of the 
hands. Phosphorus is applied to the balls by dipping 
them, with the aid of tongs, into a solution of the 
element in carbon disulfide. The concentration of 
the solution is not critical; we have found that a 1-in. 


length of a stick of phosphorus (!4/,5 in. diameter) when , 


dissolved in 100 ml. of carbon disulfide gives a suitable 
coating. The ball is squeezed tightly by the tongs 
while it is in the solution and while draining just above 
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it. This prevents excessive ‘‘drag-out” of solution. If 
solution of the same concentration is spread on three 
different substrates, cotton, glass wool, and steel wool, 
the time required for ignition is influenced in part by 
the physical properties of these substances, viz., their 
heat capacity, thermal conductivity, and ability to 
radiate heat. In general, the order of ignition, from 
first to last is cotton, glass, iron. The actual time 
seldom exceeds 30 minutes. 

Many factors other than those just mentioned have 
an influence upon the time required for the phosphorus 
to reach its kindling temperature (ca. 45°). Some of 
these are: 


1. Concentration of phosphorus in the carbon di- 
sulfide solution. 

2. Tightness and size of the ball. This determines 
the amount of solution trapped in the ball. 
Almost all of the carbon disulfide must evapo- 
rate before the phosphorus can come into 
effective contact with the air. 


In 
diffier 
to fir 
nor i 
above 


is ther 
to the 
mereu 
secon 
sults 

variat 
and tl 


VISUA 


3. Size of strands (in the ball) and the way they gs 


pack. The influence is like that in (2). 
4. Temperature of the surroundings. This governs 


the rate of evaporation of the carbon disulfide fs 


and the rate of oxidation of the phosphorus. 
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5. Drafts. These influence the rates mentioned in 
(4). 

6. Humidity. While water may be a catalyst for 
the reaction between phosphorus and oxygen, 
high humidity has a retarding effect. The 
phosphorus pentoxide which slowly forms on 
the surface of the ball is extremely hygroscopic 
and on moist days will attract enough water 
to form a blanket of phosphoric acid which 
hinders the influx of air. 

7. The age of the solution. Phosphorus reacts 
slowly with oxygen and moisture in the con- 
tainer. A yellow substance is slowly pre- 
cipitated. 

8. Unknown catalysts upon the iron, glass, or 
cotton. 


In view of the many factors involved, and the 
difficulty of their control, it is perhaps not surprising 
to find that the ignition times are not reproducible, 
nor is the order of inflammation always that given 
above. In this respect the experiment simulates 
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closely the more usual type of spontaneous combustion 
wherein kindling conditions develop at most un- 
expected times. 

In performing this experiment caution should be 
exercised along these general lines: 

1. White phosphorus must be kept and cut under 
water, and exposed to the air only momentarily during 
transfer from one vessel to another. Immediate immer- 
sion in water is called for should any phosphorus catch 
fire accidentally and become attached to the skin or 
clothes. 

2. Once a ball has been immersed in the phosphorus 
solution and then exposed to air it is a fire hazard. It 
will eventually inflame! If the experimenter does not 
wish to wait for it to ignite spontaneously, a match 
or other flame will of course set it off. Blowing on the 
ball also causes it to inflame immediately. Another 
way to temporarily inactivate the ball is to immerse 
it in water. Ifthe ball later becomes dry its incendiary 
properties reappear. 

3. The experiment should be performed on a fire- 
proof surface. 


MISCELLANEOUS EXPERIMENTS 


COMPARISON OF REACTION RATE IN THE SOLID 
STATE AND IN SOLUTION 


Powdered mercuric chloride and potassium iodide 
are placed in a large porcelain mortar and exhibited 
to show that there is no visible reaction. The mixture 
isthen ground vigorously with a pestle, calling attention 
to the physical effort required to produce red-colored 
mercuric iodide. The experiment is then repeated in a 
second mortar, and the same red mercuric iodide re- 
sults when, instead of grinding, water is added. A 
variation is to dissolve the powders separately in water 
and then mix the solutions. 


VISUALIZING CRYSTAL FORMATION 


It is possible to make visible on a screen the develop- 
nent of crystals in a glass cell, 2.5 mm. X 5 mm. X 
10 mm., substituted for the slide holder of a projection 
lantern. Concentrations of 66 grams of Na,S.0;-5H,O 
in 15 ml. of water or 35 grams of NaC:.H;0.-3H,O in 
20, ml. of water give a degree of supersaturation that 
results in a not-too-rapid growth of crystals when 
seeded. The required amount of crystals and water 
may be placed in the cell, which is immersed in a 
beaker of water, and then heated to boiling until 
solution is effected. The solutions should remain stable 
if covered with a watch glass and cooled. Sodium 
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thiosulfate, however, shows a slightly greater degree 
of instability, having poorer keeping qualities than the 
sodium acetate solution. With the indicated concen- 
trations, a beautiful development of crystals results 
when the cell is projected on the screen and then 
seeded. 


CHEMICAL SUNSET 


A spotlight projected through a jar containing a 
solution of sodium thiosulfate is reflected by a mirror 
on a screen. When hydrochloric acid is added, the 
projected light slowly changes from yellow to deep 
red and then extinguishes. This experiment is a 
modification of that described in ‘‘Lecture Demonstra- 
tion in General Chemistry” by Paul Arthur, McGraw- 
Hill Book Co., New York, 1937. 

An 800-ml. beaker, or better, a square battery jar 
about four inches on a side is filled with 700 ml. of 
water and supported on a ring stand. A mirror is 
supported by a clamp on another ring stand in front of 
the jar of water. A microscope illuminator furnishes 
a convenient spotlight and is arranged back of the jar 
of water so that the light passes through the jar on to 
the mirror and is then reflected on the screen back of 
the demonstrator. 

Five grams of Na,S,0;-5H2O is added to the water 
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and quickly dissolved by stirring. Five ml. of con- 
centrated hydrochloric acid is then added and stirred 
into the solution. Within an elapsed time of 30 seconds 
to one minute, colloidal particles of sulfur begin to 
form. Observed at a right angle to the jar, the scat- 
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tered blue light may be seen while the projected light 
on the screen turns to deep red and extinguishes, 
The experiment simulates in a striking demonstra- 
tion the conditions under which the setting sun is ob- 
served through the dust layer close to the earth. 


% PHENOMENA AT INTERFACES—HANGING 
BUBBLES AND ROLLING DROPS 


Demonstration of interfacial phenomena presents 
some difficulties when it is necessary to work on a 
small scale. This is a description of a setup which 
works very satisfactorily in demonstrating, among 
other surface phenomena, hanging bubbles and rolling 
drops. These are both closely connected with the 
intimate structure of the interface and should therefore 
be discussed simultaneously. Since one of them in- 
volves the projection of a horizontal plane and the other 
the projection of a vertical plane, a little rearranging 
of the standard projection equipment is necessary. 
The usual “Balopticon’” (Bausch and Lomb) fitted 
for the projection of opaque objects in a horizontal 
plane and of vertical transparencies is unfortunately 
not suitable for two reasons: (1) the horizontal image 
to be projected is transparent; and (2) the strong cur- 
rent of air from the cooling fan makes the experiment 
unworkable. : 

The ‘Delineascope” (Spencer Lens Co.) is excel- 
lently fitted to project the horizontal phenomena but 
not the vertical. By fitting a home-made gadget to it, 

however, it can be made to serve the present purpose. 
Two pieces of sheet metal bent as indicated in Figure 
1 and attached to the case of the Delineascope by self- 
tapping screws serve to support the lens holder from a 
Balopticon. A piece of mirror 4.5 X 6 in. supported 
on two triangular blocks throws the illuminating beam 
from the vertical to the horizontal plane. Any vertical 
transparency between the mirror and the lens can be 
projected. The wooden slide holder from the Balop- 
ticon can be inserted just back of the lens holder and 
ordinary slides can be projected if desirable, although 
not with best results since the condensing system of 
the Delineascope is not adjusted for so long a path 
between condenser and objective. The extra mirror 
on its blocks of wood rests directly on the usual glass 
stage of the Delineascope and can be removed in a 
couple of seconds leaving the instrument ready to 
project the image of a horizontal object as it was 
originally designed to do. 

The conditions governing the formation of hanging 
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bubbles have been discussed previously! and only the 
merest summary will be presented here. If a small 
bubble of air or other insoluble gas is introduced be- 
neath the interface between two immiscible liquids it 
may pass through the interface with only the briefest 
pause or it may hang there indefinitely. If the bottom 
liquid is one which forms a stable, strongly oriented 
layer of molecules at the interface, the bubble will not 





1 Hazvenurst, T., anp H. Nevitiz, J. Phys. Chem., 44, 592 
(1940). 
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break through but will hang there. If the quantity 
of the air in the bubble and consequently its lifting 
power is increased, it still fails to break through the 
interface, but instead it lifts the interface until even- 
tually some of the lower liquid necks off and is carried 
to the next higher interface by the air just as if it were 
a balloon. If, on the other hand, the lower liquid is 
not one which forms a strongly oriented surface layer, 
the bubble breaks through practically instantaneously. 
Carbon tetrachloride and benzene are liquids of the 
first kind, while water is a liquid of the second kind. 

A 50-ml. beaker is about one-third filled with CCl, 
and on top of this a similar layer of water is placed. 
The beaker is placed on a small platform such as is 
used with the analytical balance to weight objects 
suspended in liquids and its image thrown on a suit- 
able screen. (A translucent screen about 2 ft. square 
is very satisfactory.) By means of a dropping tube 
the outlet of which has been drawn to a fine capillary 
and bent, a small bubble of air is introduced beneath 
the interface. It can be plainly seen hanging at the 
interface. As more air.is introduced, the CCl, rises 
and necks off and, when the bubble bursts at the 
surface of the water, remains hanging at the air-water 
interface, affording an opportunity of demonstrating 
the equilibrium conditions where three phases meet. 
Eventually the blob of CCl, at the surface becomes too 
heavy for equilibrium and it slowly extends downward 
into the water and eventually necks off, leaving more 
than half of the heavy liquid on top of the water and 
allowing the rest to drop to the bottom where it coales- 
ces with the bulk of CC. 

In a second 50-ml. beaker we then put, first, a shal- 
low layer of mercury, next, a layer of water, and 
finally a layer of benzene. With the beaker in place 
and the interfaces projected on the screen, bubbles 
of air are introduced beneath the water-benzene inter- 
face. They hesitate only briefly in passing through. 
In order to prove that it is not simply the water-ben- 
zene interface as such that is permeable to bubbles, 
but that it depends upon the direction from which the 
interface is approached, it is necessary to anchor some 
benzene under the water. By drawing some benzene 
into the dropping tube and then ejecting it under the 
mercury it is possible to get a layer of benzene stably 
held under the water because benzene wets mercury 
better than water does. (This may be used as the 
text for another little sermon about three-phase 
phenomena.) Careful manipulation will now permit 
the introduction of a bubble of air into the benzene 
held by the mercury under the water. This bubble is 
stable and if made large enough will cause the benzene 
to neck off and rise through the water—in other words 
it will reproduce the phenomena observed with the 
CCl. This demonstrates clearly that the two sides 


of an interface are not identical and that an interface 
t 
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is not simply a mathematical plane between two phases 
but a complex system involving at least one molecular 
layer on either side of the interface. A bubble of air 
will pass freely through the interface from water to 
benzene but is held up indefinitely when it tries to pass 
through the same interface from benzene to water. 

Rolling drops are of two kinds: (1) those which ap- 
pear when a liquid is dropped upon itself from a very 
short distance (primary rolling drops); and (2) those 
which are formed by splashing (secondary rolling drops) 
and are not of interest here. Not every liquid will 
form primary rolling drops although every liquid forms 
secondary rolling drops. The ability to form primary 
rolling drops is connected with the existence of a stable 
oriented film at the surface of the liquid and is there- 
fore present in most organic liquids except those which 
are highly oxygenated (e. g., glycerin) but absent in 
water. 

Place a half-inch layer of benzene in a 100-ml. 
beaker and place the beaker on the ordinary glass 
stage of the Delineascope. Suck some of the benzene 
into a dropper which has been drawn into a capillary 
tip and allow the benzene to fall dropwise on the bulk 
liquid from a height of 5 to 10 mm. The drops will 
take some time to merge with the bulk, and if allowed 
to fall on the curved meniscus at the edge of the liquid 
will skitter rapidly over the surface in a fascinating 
manner. Moderate elevation of the dropper will cause 
the drops to merge instantly and great elevation may 
cause secondary rolling drops from splashes. 

The demonstration is repeated using alcohol in 
place of benzene. It works equally well. 

The next demonstration is to show that, while 
alcohol forms primary rolling drops on alcohol and 
benzene forms primary rolling drops on benzene, 
neither of these liquids will form primary rolling drops 
on the other. Instead, whenever the drop is dissimilar 
to the bulk liquid, there is instant coalescence. 

We next show that a mixture of alcohol and benzene 
will form primary rolling drops on itself just as if it 
were a pure liquid, but that neither alcohol nor benzene 
will form rolling drops on the mixture. 

The explanation? appears to be that the pattern of 
the oriented layer which is responsible for the forma- 
tion of primary rolling drops must be identical in the 
drop and the bulk in order for such drops to exist. 
Consequently we have the paradoxical situation that 
the more nearly alike two liquids are the less likely 
they are to merge instantly when dropped from a small 
height upon one another, whereas dissimilar liquids 
tend to merge instantly. For instance, a drop of kero- 
sene, although it is so different from water that it does 
not mix with it at all, will instantly spread into a thin 
layer over the water and will not form rolling drops. 

? Haztenurst, T., anDH. Nevitxe, J. Phys. Chem., 41, 1205 
(1937). 











DEMONSTRATIONS USING THE FERROXYL 


REAGENT 


Te ferroxyl reagent was developed by Allerton §S. 
Cushman, of the U. S. Department of Agriculture, 
in 1909.!_ It may be used effectively and convincingly 
to demonstrate the mechanism of the oxidation- 
reduction reaction occurring when iron or steel cor- 
rodes. It may also be used to show the nature of the 
protection against corrosion furnished by coatings of 
metals more and less active than iron, and to study 
other factors affecting the corrosion process. 

The electrolytic theory of corrosion was advanced 
by Willis R. Whitney and others only a few years after 
the enunciation of the dissociation theory by Arrhenius 
in 1887. It has long been accepted as representing 
at least the initial stages of the process. The theory, 
in brief, is as follows. 

If a piece of iron or steel, such as an ordinary wire 
nail, is placed in a dish of water, or even in a drop or 
a film of water, corrosion occurs, made evident by the 
appearance of the familiar iron rust. It is assumed 
that at some point, A, as in Figure 1, the solution 
tension of the iron, the tendency of the iron atom to 
lose electrons and pass into solution as the ferrous 
ion, is greater than at some other point, B, and the 
change occurs, 

Fe — Fett + 2e 


The metal thus assumes a negative charge because: of 
the electrons deposited and the solution a corre- 
sponding positive charge due to the ferrous ions formed. 
Unless these charges are somehow neutralized the 
process quickly comes to a halt. The means for the 
neutralization are provided by the water itself. The 
hydrogen ions formed by its slight ionization, 


2H.0 = H;0+ + OH- 


deposit at the point B, 
2H;0+ -t. 2e— Hz ot 2H.0 


removing the electrons from the iron and diminishing 
the positive charge of the solution. Thus the iron at 
A may continuously pass into solution and simul- 
taneously in the neighborhood of B the hydroxyl 
concentration increases. The ferrous and hydroxyl 
ions diffuse through the solution, interact, and in a 
series of reactions into which both the water and the 
dissolved oxygen enter, produce ultimately iron rust, 





1 Cusuman, A. S., U. S. Department of Agriculture, Depart- 
ment of Roads, Bulletin No. 35, 1909; ‘The Corrosion and 
Preservation of Iron and Steel,” McGraw-Hill Book Co., 
New York, 1910. 
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Figure 1. Outline of the Corrosion Process 


the composition of which may be represented by 
Fe20s( H,0) zr 

The initial steps in the process may readily be tested 
in two ways. Using either the familiar lecture table 
meter or a box galvanometer, the sensitiveness of which 
is cut down by a 2- or 3-ohm shunt, it may be shown 
that any two pieces of iron, selected at random, placed 
in a solution of, say, ferrous sulfate, show a difference 
of potential, indicating a difference in solution tension. 
Further, by keeping one such electrode fixed in posi- 
tion, it may likewise be shown that the two ends of 
a nail or other article have different potentials. The 
chemical reactions involved in the theory may be 
demonstrated using the ferroryl reagent. 

In preparing the ferroxyl reagent 15 to 20 g. of agar 
is added to 1 liter of water, the mixture boiled gently 
for about 1 hour to peptize the agar and filtered through 
acloth. Two ml. of phenolphthalein indicator solution 
and 5 to 7 ml. of 1 per cent potassium ferricyanide 
solution are added for each 100 ml. of the agar solution 
and the solution brought to a pH of about 8.0, just 
short of the appearance of the red color, with dilute 
sodium hydroxide solution. The reagent is then ready 
for use. 

Enough of the agar solution, still hot, is poured into 
a suitable container, such as a Petri dish, to form a 
foundation layer which is allowed to cool until it has 
gelled. The nail, or other iron article, is pressed into 
place in this layer and at once sufficient agar solution 
is added to cover it completely. In this step the agar 
solution should not be too hot as distortion of the 
colored zones may occur. Also, the Petri dish may be 
floated on ice water to hasten the gelling. 

The effects, illustrated in Figure 2, are observable 
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within a few minutes and develop to a maximum in 
two or three days. At those points where the iron 
goes into solution the ferrous ions react with ferri- 
cyanide ions, 


3Fet++ + Fe(CN)s" — FesFe(CN). | 


producing the blue ferrous ferricyanide precipitate. 
Where the hydrogen ions discharge, 


2H;0 ++ 2e — H, + 2H.0 


hydroxyl ion remains in excess, the pH rises, and the 
phenolphthalein turns red. 

For demonstration purposes wire finishing nails 
give the most satisfactory results. Nodes of the blue 
precipitate appear at the head and the point because 
at these points the solution tension of the iron is great- 
est. Along the stem the red phenolphthalein appears. 
By touching various points along the nail with the 
emery wheel, strains are set up and in the ferroxyl 
reagent nodes of blue precipitate appear alternating 
with red zones. For variety other articles may be 
used. Unequal solution tensions depending upon 
inequalities in strains or in compositions are indicated 
by the nodes appearing in the ferroxyl reagent. A 
wood screw will show “corrosion” along the thread, 
the red developing around the upper part where the 
strain is less. A washer, having been stamped from 
the hot metal, has greater strain around the hole and 
so the hole soon fills up with the blue precipitate. 

The effects of a magnetic field, of a direct current, and 
of various other factors, have been examined but so 
far with inconclusive results. 

The nature of the protection against corrosion 
afforded by metallic coatings on iron may also be 
demonstrated using the ferroxyl reagent. The metals, 
in this respect, fall into two categories: Those with 
lower solution tension than iron, like tin, copper, 
nickel and cadmium, and those with higher solution 
tension, like zinc. Tin, on the one hand, and zine, 
on the other, serve most readily for demonstration 
purposes. 

In order to coat an iron nail with tin or zine, pickle 
the nail by dipping in concentrated hydrochloric acid 
and then dip it, first one end and then the other, into 
the molten metal contained in a large porcelain or 
pyrex brand vycor crucible. 
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When a tinned nail is cut through at one or more 
points with the emery wheel and placed in the fer- 
roxyl reagent it is found that the iron goes into solution, 
the red color appearing on the tin. The protection 
afforded by tin, copper, cadmium, or other less active 
metal than iron, is merely mechanical; the coating 
protects only when it is complete. 
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Figure 2. Nails ‘‘Rusting’’ in Ferroxyl Reagent? 
Zones a: Blue precipitate of ferrous ferricyanide. 
Zones 6: Red phenolphthalein at pH greater than 8.3. 


On the other hand, a galvanized nail, with the coat- 
ing cut through at several points, shows no blue nodes 
when immersed in the ferroxyl reagent. Instead the 
zinc goes into solution, a white precipitate of zinc 
ferricyanide appears, and the red color develops on 
the exposed spots of iron. The protection in such a case 
is electrolytic. 

Ferroxy] jellies may be kept for some time if placed 
in a desiccator over 90 per cent alcohol. If kept in 
the open they dry out and usually, within a week or 
so, develop spots of mold. 

In conclusion it should be pointed out that the study 
of the rusting process using the ferroxyl reagent merits 
consideration as a laboratory exercise in the general 
chemistry course. Lieut. R. J. Perry, of the U. S 
Coast Guard Academy, has adapted the reagent very 
successfully to this purpose. 





2 For an actual photograph of the effect see MEvpruM, W. B., 
AND F. T. Gucker, “An Introduction to Theoretical Chemistry,” 
American Book Company, New York, 1936, p. 402. 





ABSTRACTS OF MEETING PAPERS AVAILABLE 


AT THE January 22, 1948, Miniature Meeting of the Philadelphia Section of the American 
Chemical Society, a total of 44 technical papers were delivered before the five Divisions of Bio- 


logical, Industrial, Organic, Petroleu 


, and Physical and Analytical Chemistry. The titles and 


authors of these papers have been published (Chem. & Eng. News, 26, 149 (Jan. 19, 1948)). 
Full and informative 500-word abstracts of these 44 papers may be purchased at 50¢ per set 
from Dr. O. D. Shreve, Philadelphia Laboratory, E. I. du Pont de Nemours & Co., 3500 Grays 
Ferry Road, Philadelphia 43, Pennsylvania. 





1. EXPERIMENTS WITH SILICONES 
2. A MODEL MASS SPECTROMETER 


Tue exposure of various materials to the vapors of 
organo-halogeno-silanes such as methylchlorosilanes 
results in the deposition of a stable, nonvolatile water- 
repellent layer on the surface.!' On the basis of this 
chlorosilane treatment, several spectacular demonstra- 
tions can be made. The mixed chlorosilanes and 
volatile liquids, smelling of hydrochloric acid, are 
placed in the bottom of a wide mouth bottle and time 
is given for their vapors to saturate the air space 
above. If a filter paper is dipped into the vapors, 
even very rapidly, a profound change in the surface 
occurs. Instead of being absorbent after this brief 
exposure droplets of liquid water will stand up on the 
water-repellent surface. A variation of this is to put 
a pile of 15 or 20 filter papers over the opened mouth 
of this bottle and leave it there for several minutes. 
Then they are taken off and dipped successively, 
starting with the bottom one, into a beaker of water. 
The bottom one will show a circle of completely water- 
repellent material on both sides; as successive papers 


are dipped into the beaker less and less water-repellent 
surface is observed until finally an untreated filter 
paper is found and above it the rest will also be un- 


treated. This shows the diffusion up through the pile 
of the vapors which give water repellency. 

For another experiment a bottle holding equal 
amounts of toluene and water is prepared. A very 
small amount of blue ink is put in to color the water 
blue, and a small amount of dye such as Oil Red is used 
to color the toluene red. The total volume is about 
200 ml. Filter paper is folded and treated by the 
chlorosilane vapors to give water repellency. This 
should be done in advance to insure a uniform and 


1 PatnopeE, W. I., U. S. Patent 2,306,222, 





1. CONDUCTIVITY 
‘2. A TIME REACTION 


CONDUCTIVITY MEASUREMENTS 


This home-made apparatus! is mounted on a board 
20 X 60 X 1.5 cm. It consists, first, of two binding 
posts for 110-volt alternating current. From these 

1 For a sketch of the apparatus see Tus JoURNAL, 14, 384 
(1937). 
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completely treated paper. The treatment produces 
some hydrochloric acid in the paper, so a subsequent 
neutralization with ammonia gas is helpful. Funnels 
are placed in graduates and in one an untreated filter 
paper is placed, in the other a chlorosilane-treated 
filter paper. To perform this experiment, plain water 
is poured on the treated and untreated filter papers 
so the audience can see that one is completely wet by 
the water and one isnot. This water is then discarded. 
Next, the bottle of toluene and water is shaken and 
quickly poured on the two filter papers. The water 
layer, colored blue, will run through the untreated 
filter and not through the other. The toluene layer, 
colored red, will run through the treated paper and not 
the other, separating the two colored liquids in the two 
graduates. 

The model mass spectrometer consists of a wooden 
trough placed on an incline. At the bottom of the 
incline an electromagnet is placed. Small steel balls, 
3/, inch and %/, inch in diameter, are rolled down the 
incline. If the electromagnet is not actuated, both 
sizes of balls fall into a small box. This box has two 
compartments in it and when the electromagnet is 
off, both sizes fall into the same compartment. When 
the electromagnet is turned on there is differential 
action of the field on the steel balls so that on rolling 
down the slope the small ball is deflected more by the 
magnet and goes into one compartment while the large 
ball is deflected less and goes into the other compart- 
ment. This shows some of the characteristics of the 
separation of ions. Gravitational potential in the case 
of the model corresponds to the electrical potential in 
the mass spectrometer while the electromagnetic 
field acts in both cases. 


F. E. BROWN 
Iowa State College, Ames, Iowa 


posts the current is led in two parallel circuits. The 
first circuit goes through an incandescent lamp and a 
variable resistance which can be made large enough 
to dim or extinguish the lamp. The second circuit is 
led through a second similar incandescent lamp in 
series with a double-pronged set of dipping electrodes 
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so fixed that the sum of the conductivities of two solu- 
tions may be indicated by the brightness of the lamp. 
Then after mixing, the conductivity of the mixed solu- 
tions can be indicated similarly. 

The procedure is: (1) measure a sum of conductivi- 
ties such that the lamp in the second circuit does not 
dazzle the eyes; (2) set the variable resistance in the 
first circuit so that the lamps are equally bright; 
(3) partially or completely mix the solutions, insert 
the electrodes and compare the lamps; (4) try to ex- 
plain the increase, decrease or constancy of the con- 
ductivity after mixing. 

Seven experiments are suggested below: 

(1) Take 4/2 drop HCl (conc.) in 25 ml. of H,O and 
125 ml. of distilled H,O. Add the H.O in several por- 
tions. 

(2) Take 3 drops NaOH (dil.) in 25 ml. of H,O and 
125 ml. of distilled HO. Add H,0 in several portions. 

(3) Take 2 ml. of acetic acid (glacial) in 25 ml. of 
H.O and 125 ml. distilled HO. Add the H;0O in several 
portions. 

(4) Take 5 ml. NH,OH (conc.) in 25 ml. of H,O and 
add 125 ml. of H,O. Add the H;O in several portions. 

(5) Take 50 ml. of the dilute HCl from (1) and 50 
ml. of the diluted NaOH from (2) for sum of conduc- 
tivities. Mix the two and find resultant conductivity. 

(6) Take 50 ml. of the diluted acetic acid from (3) 
and 50 ml. of the diluted NH,OH from (4) for the sum 
of conductivities. Mix and find the resultant con- 
ductivity. 

(7) Take 10 ml. of NH,OH in 50 ml. of HO and 
suspend AgCl in H.O for sum of conductivities. Pour 
off water from AgCl so there will be no dilution of 
NH,OH. ‘Then pour the NH,OH solution on the AgCl 
and note the conductivity. 
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A TIME REACTION; BETTENDORFF’S TEST FOR 
ARSENIC 


SnCl, reacts with AsCl;, or any simple arsenic com- 
pound in more or less concentrated HCl, to form SnCl, 
and a brown colloidal suspension. This reaction is 
catalyzed by finely divided mercury produced by the 
reduction of either HgCl. or Hg,Cl. The rate of the 
reaction is a function of temperature and concentration 
of arsenic, mercury, and acid, and the appearance of 
the colloid may be immediate or may be delayed for 
hours. Consequently, this reaction is ideal for setting 
up a series of samples which require varying times to 
reach the same stage in the production of color. 

Three series are suggested below: 

A. One drop of a saturated solution of NazHAsOs 
in HCl added to decreasing concentrations of HCl 
without a catalyst. 

2 3 4 
Ml. of HCl ‘ 21 18 414 
De Gites cdc ice 3 6 10 

B. One drop of a saturated solution of NasHAsOs 
in HCl added to decreasing concentration of HCl with 
1 drop of 0.04 N solution of HgCl, added. 

i. 2. Bea 
Sn ee eee rer + H- & 4 
MI. of H,O 13 16 19 

C. One drop of a saturated solution of NasHAsOs 
in HCl added to a mixture of 14 ml. of concentrated 
HCl and 10 ml. of H.O with varying amounts of a 
0.004 N solution of HgCl, added as follows: 

1 2 8 4 6 
Drops of 0.004 NV HgCh... 0 3 12 


DISPLACEMENT OF HALOGEN 


Tne revative chemical activity of two of the halogen 
group of chemical elements can be strikingly demon- 
strated by displacing iodine in combination by chlorine, 
both reagents being initially in the gaseous state. 
These reagents may be easily prepared and maintained 
in the gaseous state under normal conditions. 

The applicable equation is: 


Cl. 
1 vol. 


+ 2HI — 2HCl+ 1, 
2 vols. 


A box large enough to house a bright light source, 
é. g., @ 35-mm., 115-volt projector, arranged to project 
vertically through a hole in the top is used to support 
two glass cylinders. The glass cylinders have wide 
bases and heavy ring necks, and are each closed at the 


E. C. GILLETTE, JR., and F. S. ROSE 
United States Military Academy, West Point, New York 


base end. The opened ends are ground to maintain 
a gas tight seal with the glass cover plate. One 
cylinder is twice the volume of the other. The diam- 
eters are identical so that the two cylinders can be 
mounted vertically and axially with the opened ends 
together over the hole in the box with the light beams 
passing through the box. 
_ The gases must be carefully prepared and stored in 
the cylinders by placing a well-greased cover plate 
over the mouth of each cylinder. Chlorine gas is 
placed in the smaller cylinder, and hydrogen iodine in 
the larger one. A fairly weak concentration of each 
gas works best. 

For demonstration, place the box in a suitable 
location and place the HI cylinder (heavier gas) base 
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down in an upright position and center over the light 
source hole. The chlorine cylinder is then inverted 
and placed on top of the HI cylinder. Both cover 
plates are left in position. Thus, with the cylinders 
mouth to mouth, the light is switched on and the two 
cover plates are slipped out with care to minimize the 
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escape of any gas. The help of an assistant will be 
required at this point. 

The gases will interact vigorously as the lighter gas 
diffuses downward into the heavier one. Purple iodine 
vapor will be noticeable and sparkling iodine crystals 
will rain down into the lower cylinder. 


A UNIVERSAL HYDROGEN-ION INDICATOR FOR CHEMISTRY 


DEMONSTRATIONS 


A onrversat PH indicator suitable for lecture demon- 
strations is described below. It is novel in that, with 
changing pH, the color sequence of this indicator 
follows the color sequence of the visible spectrum. 

Preparation of Indicator. Dissolve the following in 
450 cc. of aleohol U. 8. P. (or reagent grade iso-prepyl 
alcohol): Phenolphthalein, 100 mg.; methyl red, 200 
mg.; methyl yellow (dimethyl amino-azobenzene), 300 
mg.; bromthymol blue, 400 mg.; and thymol blue, 
500 mg. Then add N/10 sodium hydroxide until the 
red color disappears and the color becomes yellow 
(pH 6). Finally, add sufficient alcohol to make 500 
ec. The color changes are, respectively: pH 2, red; 
pH 4, orange; pH 6, yellow; pH 8, green; and pH 10, 
blue. 

Stock Solutions. Prepare normal solutions of the 
following: (a) phosphoric acid, HsPQ,, (b) monosodium 
dihydrie phosphate, NaH2PQk,, (c) distilled water (not 
a solution), (d) disodium monohydric phosphate 
NaeHPQ,, (e) trisodium phosphate, NasPQ,, and (f) 
sodium hydroxide, NaOH. This gives an extended 
pH sequence of common substances of the same ele- 
ments, in colorless solution. In describing these sub- 
stances, call attention to the following facts of interest: 
(a) HsPQ,, a corrosive acid administered in very dilute 
solutions for reducing fever. (b) NaH2PO,, a de- 
cidedly acidic, but noncorrosive salt; biologically 
highly soluble and producing alkaline-acid unbalance. 
It is used medicinally to produce a high degree of 
urinary acidity; this indicates the attempt by the 
living organism to eliminate excess acid in maintaining 
normal acid-base equilibrium. With excess NaH2POQ,, 
the balance is ultimately destroyed. (c) Distilled 
water, being neutral, fits into this pH sequence at this 
point. (d) NasHPO, is a mildly alkaline salt, bio- 
logically only slightly soluble; in large amounts it is 
a distinct mucous irritant, a cathartic capable of up- 
setting the metabolic balance in an entirely different 
(e) NasPO,, a mild caustic used as a de- 
(f) NaOH, highly caustic. 


manner. 
tergent. 





1 For a more complete account of lecture demonstrations with 
a uviversal indicator see THis JOURNAL, 14, 274 (1937)—Editor. 


HENRY J. GOECKEL 
Cranford, New Jersey 


Demonstrations. Arrange tubes in proper pH se- 
quence containing 10 ml. of sample solutions and add 
5 to 10 drops of universal indicator. 

Intermediate colors can be demonstrated by the 
proper mixing of the stock solutions. The indicator 
reaction of dilute acetic acid and mineral acids, acetic 
anhydride, concentrated and fuming sulfuric acid, 
syrupy phosphoric acid, and phosphoric anhydride 
will suggest many questions to the inquisitive student, 
for some of the concentrated acids will register dis- 
tinctly alkaline, but upon dilution give the colors 
characteristic of acids. 

Indicator Chart. A chart showing the ranges of the 
various indicators can be used to explain why certain 
indicators are specified in titrimetry; 7. e., because of 
the transition point and distinctive visual change in 
color. The indicator is essentially a primary standard 
for determining pH.? 

For a comparison of pH within the limited range of 
one of the indicators in the universal mixture, prepare 
two solutions. To one add sufficient acid to produce 
maximum acid color for the indicator; to the other 
add sufficient NaOH to produce the maximum alkaline 
color for the range. Ten tubes, each containing 10 
ml. of the acidified, and 10 tubes, each containing 10 
ml. of the alkalized solutions, are set up for comparison. 
The tubes are then paired off and the number of drops 
of indicator solution stated in the following table are 
added: 

Indicator Solution 


Acid tubes Dom 4. 2. gee. es: 6 8 9 
Alkalinetubes Drops 9 8 7 6 5 4 7 a | 


For closer readings the indicator may be diluted 
10-fold. The unknown is prepared by adding 10 drops 
of indicator solution to 10 ml. of unknown solution. 
The pH can then be accurately determined by finding 
which pair matches the unknown most closely, and 
applying the formula: pH + pK + log (z/10 — x) in 
which x is the number of drops in the alkaline tubes 
of the series. 





2U.8. Army Laboratory Manual, 5th edition. 
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NEW CRYOPHORUS FORMS 


A satu arr once explained that when she wanted 
to draw a picture, all she had to do was to get an idea 
and put a line around it. 

This youngster is a challenge to a chemistry teacher: 
when he gets an idea, he should be able to put glass 
around it. This is particularly true of the lecture 
demonstrator who is constantly evolving new setups 
to meet changing conditions. A rudimentary knowl- 
edge of glassblowing is a must in the training of every 
chemistry teacher. Unless he can test his ideas while 
they are fresh, they are prone to atrophy. There is 
nothing quite so deadening as to be limited to ready- 
made equipment. 

The actual requirements are surprisingly simple, and 
consist for the most part of-adaptations of flasks and 
bulbs which serve as housings. Of course one must 
make the necessary seals and bends. 

A very simple device for illustrating the effect of 
temperature on vapor pressure may be made from a 
1-5-liter round-bottom flask. An 8-mm. tube is first 
sealed to the bottom. This is used as a handle while 
most of the old neck is removed. The short stump 
is rounded to a test tube end. Then the flask is 
evacuated and enough liquid bromine introduced to 


ROSS A. BAKER 
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fill it with bromine gas at ordinary temperatures. 
When the test tube end is immersed in a dry ice sludge, 
a button of solid crystalline bromine quickly collects, 
leaving the flask quite colorless. When dislodged, the 
solid button makes an interesting plaything as it dances 
around the walls of the flask like a Mexican jumping 


_ bean. 


Several years ago a cryophorus! was devised to meet 
a specific need. It proved so successful in lecture 
demonstration that a considerable number were con- 
structed for individual student use. Ingenuous student 
questions have prompted a number of modifications, 
one of which seems worthy of demonstration here. It 
is designed to prove that a liquid is cooled by its own 
evaporation even though the molecules which have 
just left it may be heated a moment later. This is 
accomplished by inserting a “hot finger” in the path 
of the escaping water molecules. In this hot finger, 
alcohol may be burned continuously. The heated 
water vapor then travels to the “cold finger’ where a 
sludge of dry ice freezes it and thus maintains the 
“one way traffic.” 

1 Baker, R, A., “The American Physics Teacher,” 1939, Vol. 
VII, p. 424. 





A MODIFICATION OF THE DEMONSTRATION OF THE OSTWALD PROCESS 


Ix 4 former issue of Tats JOURNAL,! we described 
a simple demonstration of the oxidation of ammonia 
to nitric acid. Since then we have noticed two defects 
in this method. It has been difficult to control the 
amount. of ammonia used and the asbestos carrier of 
the catalyst tended to pack tightly, thus obstructing 
the free flow of gas. We have modified the apparatus 
as indicated below and as shown in the diagram. 

Air is drawn through a wide-mouth bottle containing 
a small quantity of 1:1 ammonium hydroxide solu- 
tion. Note that the tubing does not extend into the 
solution. In this manner, ammonia and air in the 
proper proportions are drawn through the catalyst 
which has been strongly heated in a glass tube for about 
two minutes. Suction is supplied by a water aspirator. 
Instead of asbestos fibers as a carrier for the platinum 

1 Hausen, S. S., anp R. 8. Srecex, J. Cuem. Epvuc., 20, 166 
1943), 
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catalyst, broken unglazed tile is used, 15 to 20 mesh. 
The tile is soaked for several hours in ‘chloroplatinic 
acid prepared as previously directed.! It is then 
ignited in the same manner. 

After leaving the catalyst tube the air-ammonia 
mixture is drawn into a one-liter Florence flask. When 
the brown fumes of nitrogen dioxide appear in the - 
flask,-the flame should be removed. The catalyst 
usually begins to glow, indicating the exothermic na- 
ture of the reaction. It issuggested that a wide-mouth 
bottle containing some water be added between the 
Florence flask and the aspirator, so that the nitrogen 
dioxide after being seen is absorbed in the water to 
form the nitric acid. It is also advisable, at the com- 
pletion of the demonstration, to heat the catalyst 
strongly for a few minutes while drawing air through. 
This will remove any adsorbed gases, thus preparing 
the way for the next demonstration. 
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A DEMONSTRATION MODEL OF ATOMIC 
STRUCTURE 


A serious objection given by teachers to presenting 
atomic and molecular structure early in the general 
chemistry course is that the material is too difficult and is 
uninteresting. Neither of these reasons is true unless the 
teacher makes it true. If the teacher knows his subject 
material thoroughly and is willing to spend some time 
on demonstrations, this unit can be a most interesting 
one. If well taught, this material is no more difficult 
to master at the beginning than later in the course. 
The following are some suggestions of ways to vitalize 
this unit. 


(1) Use your bulletin board. 

(2) When discussing the parts of an atom, raid the 
physics laboratory for any available equipment to 
demonstrate the presence and properties of these par- 
ticles. 

(3) Show the small size of an atom by having your 
students calculate the length of a much larger molecule 
from experimental data. This can be done by dropping 
a measured volume of gasoline on the surface of water 
which is covered with lycopodium powder. The 
gasoline will spread out one molecule thick and will push 
the powder beyond its bounds. By measuring the 
area of this cleared space, the length of one molecule 
can be calculated from the volume of gasoline used. 

(4) The use of two-dimensional atomic model 
boards, such as the one illustrated in the accompanying 
photographs, serves to visualize many important con- 
cepts. Contrasting colors make these boards attractive 
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and visible from all-parts of the classroom. Unlike 
three-dimensional models, their simplicity makes them 
easy to understand. It is, of course, emphasized that 
these boards show only conventional diagrams. Some 
students later bring in three-dimensional models to 
show that they have given much thought to this real 
structure. 

(5) If possible, make field trips to science muséums 
and to college physics laboratories where nuclear 
experiments are performed. 

(6) Review the unit with the aid of a good motion 
picture film or a film strip. 


The model boards may be made from 3 X 3-ft. 
squares of plywood which are screwed to 1 X 2-in. 
frames to prevent warping and are painted a dull black 
color. Concentric white rings and eight radiating 
blue lines are painted on the boards. The circles are 
lettered out from the center of the boards K, L, M, 
etc., and the radiating lines are lettered to indicate the 
Alkali Metals, Alkali Earth Metals, Boron, Carbon, 
Nitrogen, Oxygen, Halogen, and Inert Gases families. 
Tiny metal hooks are screwed into the white rings as 
supports for the electrons. A spring clip is bolted to 
each board near its center to hold the nucleus of the 
atom. In use, the boards are suspended from sliding 
map rail hooks by picture wire. 

The electrons are one and one-half-inch key tags 
colored red, blue, or orange with waterproof ink. 
Each tag has a straight black line across its face to show 


. Fluorine, Chlorine, and Bromine 
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Figure 2. The Oxygen Molecule 


that this particle has a negative charge. Each nucleus 
is a six-inch disc made from yellow-colored cardboard 
having one-inch black numbers pasted on one side to 
show the numbers of protons and neutrons. The 
signs following these numbers were cut from black paper 
and pasted to the discs. To show covalent bonding, 
two key tags of different colors can be stapled to a piece 
of cardboard which in turn is stapled to a length of 
white cord or tape. The ends of the cord or tape 
are looped over metal hooks in the correct shell of each 
atom covalently bonded. 

With the aid of the model boards illustrated, the 
following concepts can be taught: 


(1) Nuclear and shell structure of the atom. By 
increasing the size of the boards and the number of 
rings, the largest atom can be shown. Figure 1 illus- 
trates the structure of fluorine, chlorine, and bromine 
atoms. 


(2) Isotopes. Different nuclear structure is shown 
on the central discs. 

(3) Formation of ions. 
removed from the rings. 

(4) Valence. 

(5) Periodic properties. Figure 1 shows that 
fluorine, chlorine, and bromine belong to one family due 
to shell structure. It also shows relative chemical 
activity due to the number of electron shells. 


Electrons are added to or 


The net ionic charge is readily seen. 


(6) Formula writing. Salts are formed by elec- 
trovalent combination of ions. Covalent combination 
is shown by joining shared electron pairs to two atoms 
by means of white cord or tapé. Figure 2 shows the 
nonpolar molecule of oxygen, in which two pairs of elec- 
trons are equally shared. In a polar molecule, such as 
that of water, the shared pair of electrons is shown 
closer to the oxygen than to the hydrogen. 


‘ 
' 


ENERGY CHANGE—OXIDATION WITHOUT OXYGEN 


Energy Change. The thermal decomposition of 
finely powdered ammonium dichromate proceeds spec- 
tacularly with an evolution of heat and light. 


(NH,)2Cr2O,7 => Cr.03 oe 4H.O a Ne 
(orange) (green) 


, ‘ 
A small quantity of finely powdered crystals are heated 


in a test tube. Or finely powdered ammonium di- 
chromate can be mixed with a little glue and molded 
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into a pyramid; it then burns like a miniature volcano. 

Oxidation without Oxygen. When small bubbles of 
chlorine and acetylene come into contact under water, 
they ignite with brilliant flashes of light. Use tanks 
with needle valves, admit the gases through rather 
small, individual orifices at the bottom of a 3-foot tube 
of water so that the ascending bubbles come into con- 
tact with each other. Perform the experiment in 
complete darkness. 





VITAMINS AND CARBOHYDRATE 


METABOLISM* 


Wrru rux piscovery of the so-called accessory food 
factors shortly after the opening of the present century, 
the center of interest in the field of nutrition moved 
from studies of the gross components of foodstuffs 
toward the study of constituents whose presence could 
never have been detected by the standard procedures 
of the proximate analysis. 

The goal of much of the early work in nutrition was 
the establishment of the optimum dietary quantity of the 
various major food constituents. Balance trials and 
calorimetric measurements provided a sound basis for 
concluding that these food constituents were used to 
build new or repair old tissue and to supply energy for 
maintaining the living organism. 

Great advances in the science of nutrition resulted 
when experiments were designed to test the quality of 
foodstuffs. Experiments of this type proved that cer- 
tain new food constituents, present in only minute 
quantities, are just as important in the diet as are fat, 
carbohydrate, protein and ash. 

While the nutritionists themselvés established the 
function of the major food components, it remained for 
the biochemists who were interested in the details of 
eellular metabolism to discover what the vitamins do. 
From their work has emerged the concept that these 
minor food constituents, acting as essential parts of 
enzyme systems, help make available to the organism 
the fats, carbohydrates, and proteins which comprise 
the bulk of the diet. 

At the present time at least 12 pure substances of 
known chemical structure—Thiamine, Riboflavin, Nia- 
cin, the Pyridoximers,} Biotin, Pantothenic acid, Folic 
acid, Ascorbic acid, A, D, E, and K—are recognized as 





* A lecture delivered at the Department of Chemistry, North- 
western University Medical School, on February 14, 1947. 

t The use of this single term for the 3 known members of the 
vitamin Bs group—pyridoxine, pyridoxal, and pyridoxamine—is 
consistent with the terminology developed by Drs. K. Hickman 
and D. Burk for the vitamins and now also used in the nomencla- 
ture of the hormones (see T'rans. N. Y. Acad. Sci., Series II: 
6, 275 (1944)). 
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Figure 1. Thiamine Pyrophosphoric Acid 
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vitamins for many living forms and, because of the 
relatively small quantities required, it is generally con- 
ceded that their biological function is a catalytic one. 

In addition, four other chemically defined substances 
are also commonly classified as vitamins. p-Amino- 
benzoic acid has certain growth-promoting proper- 
ties which seem separate from those it might effect by 
being incorporated into the folic acid molecule. Classi- 
fication of the remaining 3 compounds—choline, ino- 
sitol, and the highly unsaturated fatty acids—as vita- 
mins is frequently criticized on the ground that they 
are structural components of tissue and are needed in 
greater than catalytic amounts. The biochemist avoids 
the shortcomings of the classification by accepting each 
of them, and a substantial number of amino acids as 
well, as dietary essentials. 

Four of the vitamins—thiamine, riboflavin, nicotin- 
amide, and the pyridoximers—are known to function 
catalytically as prosthetic groups of enzymes or as co- 
enzymes; the distinction is based mainly on the degree 
of dissociation of the vitamin component from the 
specific protein. Since the present discussion is limited 
to the role of vitamins in carbohydrate metabolism, 
we shall omit any consideration of the pyridoximers 
which function in several different aspects of amino 
acid metabolism and deal mainly with the first three. 
Of these, vitamin B, was the first to be considered as 
having some relation to carbohydrate metabolism. It 
is still regarded as the vitamin most specifically con- 
cerned with the metabolism of this class of foodstuffs. 

As early as 1897, Eijkman (/) observed that the 
toxic symptoms of beriberi are the result of starch 
metabolism in the absence of a specific dietary factor 
which we now know to be thiamine. Again in 1914, 
Funk (2) pointed out that in experimental beriberi the 
deficiency symptoms were more severe the greater the 
carbohydrate content of the diet. In more recent years 
this relationship of dietary carbohydrate to thiamine 
deficiency has been shown to be even more specific. 
Following the lead of Evans and Lepkovsky (3), it was 
shown that for many species of animals the requirement 
for thiamine can be greatly reduced by substituting fat 
isocalorically for carbohydrate in the diet (4). Animals 
fed such diets not only fail to show symptoms of thia- 
mine deficiency but actually grow well and are ap- 
parently healthy despite the fact that their tissues are 
extremely low in thiamine. This is the stage to which 
the problem was brought by nutritional experiments. 

The stimulus for the elucidation of the biochemical 
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function of thiamine was the 

observation of Gavrilescu ' 
and Peters (6) that the 
brain tissue of thiamine-de- ’ 
ficient pigeons was incapable 
of oxidizing glucose at the 4 

normal rate. They soon fol- HC -(. 
lowed this discovery with C Cox 
another of importance: that 
the in vitro addition of 
thiamine to the deficient HOC -C0;4 
brain tissue resulted in a ly 

greatly increased rate of res- | a 
piration. Until the recent 

work of Gunsalus, Bell- 

amy, and Umbreit (6) with 
pyridoxal, this zn vitro resto- 
ration of the ability of thia- 
mine deficient tissues to 
metabolize carbohydrate was 
the only known case in which 
the addition of a vitamin 
to surviving tissue corrected 
the biochemical deficiency. 

Later it was found that 
thiamine deficient tissue had 
a low rate of respiration be- 
cause of an inability to oxi- 
dize pyruvic acid (7). When 
this observation was ap- 
plied clinically it was found 
that beriberi patients actu- 
ally had levels of blood py- 
ruvate above normal and a 
further increase was observed following carbohydrate 
ingestion. Experimental thiamine deficient animals 
were likewise found to have high levels of blood pyru- 
vate and lactate. It was found that when thiamine was 
given these animals, the blood levels of pyruvate and 
lactate were restored to normal simultaneously with the 
cure of the toxic symptoms (head retractions, convul- 
sions). 

The mechanism by which thiamine functions in the 
oxidation of pyruvate was disclosed (at least partially 
by Lohmann and Schuster (8) in 1937, when they found 
that the coenzyme for the enzyme pyruvate decarboxy- 
lase is the pyroposphoric ester of vitamin B,. 

This discovery led to the postulate that the toxic 
symptoms of acute thiamine deficiency are not the re- 
sult of an over-production of pyruvate but rather of the 
organism’s inability to utilize pyruvate. For the pres- 
ent discussion we need not consider the glycolytic 
pathway by which pyruvate and lactate are produced. 
The enzymes whose concatenated reactions are called 
the Embden-Meyerhof system have been found so uni- 
versally distributed in living cells, and the factors in- 
fluencing glycolysis can be so well explained on the basis 
of their influence on these enzyme reactions, that seri- 
ous objections to this system as the main pathway of 
glycolysis can no longer be entertained. 
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FAT AND CARBOHYDRATE OXIDATION 


Figure 2. The Isocitric Acid Cycle 


Bi-Py refers to the carboxylase molecule with its prosthetic group thiaminepyrophosphate. 

TPN refers to triphosphopyridine nucleotide, DPN to diphosphopyridine nucleotide. 

Carbon atoms marked with a center dot or with a heavy base indicate the position of isotopic carbon 
in the various compounds of the cycle when introduced as carboxyl labeled acetate or as carbon dioxide, 
respectively. For example, when acetate containing Cis in the carboxyl group is incubated with liver 
slices, the a-ketoglutarate formed contains Ci3 in the $-position; when CisO: is incubated with liver 
slices in the presence of normal pyruvate, the isotope is found in the carboxyl adjacent to the carbonyl 
of the a-ketoglutarate molecule. 
deuterium appears in the citrate and succinate formed. For a detailed discussion see Wood, Physiol. 


When yeast metabolizes acetate containing deuterium part of that 


Our task is to determine the fault in the aerobic 
mechanisms by which pyruvate and lactate are nor- 
mally oxidized. 

In most tissues the main pathway for pyruvate as 
well as fat oxidation is by way of the isocitric acid cycle 
shown in Figure 2. Pyruvate enters that cycle by 
being decarboxylated; then the 2-carbon fragment con- 
denses with oxalacetic acid to form a tricarboxylic acid 
whose exact structure is not known byt which may be 
either cis aconitic or isocitric acid. The further step- 
wise oxidations through oxalosuccinic, a-keto glutaric, 





TABLE 1 
Thiamine Deficiency 





In vivo In vitro 





Deficiency symptoms aggravated by Glucose oxidation is slow 


carbohydrate 

Loss of appetite 

Pyruvate and lactate accumulate in 
blood and urine 

Administration of thiamine followed 
by decrease of blood pyruvate and 
lactate 

Toxic symptoms (head retractions, 
convulsions) alleviated 

Thiamine converted to cocarboxylase 


Tissues unable to oxidize 
pyruvate 

Thiamine restores ability 
of tissues to oxidize 
pyruvate 


Thiamine converted to 
cocarboxylase 
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succinic, fumaric, and from malic back to oxalacetic 
acid comprise the pathway of the Krebs cycle. In one 
excursion of the cycle the carbon chain of pyruvate has 
been oxidized to CO,; the disposition of the hydrogen 
atoms will be discussed later. 


CoH, IT FLH,PO, HO 


pia og 
FPO, °2 


Gluconic-PO,, CoII 


Electron Transfer 


Figure 3. Oxidation of Glucose-6-Phosphate by Warburg’s 
Reconstructed System 


The enzyme capable of converting pyruvate to the 
2-carbon compound which condenses with oxalacetate 
is carboxylase, and for catalytic activity it requires the 
presence of thiamine pyrophosphate as a coenzyme or 
prosthetic group. Without adequate amounts of die- 
tary thiamine the tissues cannot elaborate the required 
amount of thiamine pyrophosphate and some of the 
enzyme carboxylase must be idle for want of coenzyme. 
The resulting accumulation of pyruvic acid is, to a 
large degree, responsible for the acute deficiency symp- 
toms such as head retractions in birds and convulsions 
in rats. In fact, the mere injection of pyruvate into 
normal animals will cause temporary exhibition of the 
symptoms (9). 

From this scheme, the mechanism of the thiamine- 
sparing action of fat is also apparent. Fat metabolism 
by the -oxidation scheme of Knoop proceeds with 
enzymes which do not require thiamine-containing co- 
enzymes and produce the 2-carbon acid directly. As 
shown by Lehninger (10), this 2-carbon fragment 
arising from fatty acid condenses directly with oxalo- 


POH, 
HO 


ALLOXAZINE 
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Figure 4. The Prosthetic Group 
of Warburg's ‘‘Yellow Enzyme”’ 


acetic to enter the cycle. It has also been known for 
some time that thiamine is necessary for the conversion 
of carbohydrate to fat. This is now readily explained 
by the necessity for thiamine pyrophosphate in decar- 
boxylating pyruvate to “activated” acetate, which re- 
versibly forms the carbon chain of fatty acids. 
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A comparison of the biochemical symptoms of thiam- 
ine deficiency in vivo and in vitro is made in Table 1. 

The final proof that the zn vitro restoration of pyru- 
vate oxidation in deficient tissues by thiamine parallels 
the in vivo curative effect was offered by Banga, Ochoa 
and Peters (11) when they demonstrated that thiamine 
deficient surviving pigeon’s brain formed cocarboxylase 
from added thiamine. 

Thus, this single reaction of thiamine pyrophos- 
phate—catalysis of pyruvate decarboxylation—ade- 
quately explains the biological function of this vitamin. 
The exact mechanism by which the carboxylase-thiam- 
ine pyrophosphate complex labilizes and decarboxyl- 
ates pyruvic acid is not known. One might speculate, 
however, that the quaternary nitrogen atom in the 
thiazole ring of thiamine pyrophosphate attracts the 
negatively charged pyruvate anion; with the carbonyl 
group of pyruvate thus brought in proximity with the 
amino group of thiamine, a Schiff’s base may form and 
the labile addition compound might then be degraded 
through the electronic influence of the enzyme. 


ELECTRON TRANSPORT 


Thus far we have considered only the first oxidation 
step—the dehydrogenation—in each of the reactions of 
the isocitric acid cycle. Two other vitamins nicotina- 
mide and riboflavin play an important role in the com- 
pletion .of these oxidations. The stimulus for the 
elucidation of the mechanism by which these vitamins 
act came not from work on vitamin deficient animals 
but from a so-called academic observation of Barron 
that the addition of methylene blue to mammalian 
erythrocytes permitted them to consume oxygen to oxi- 
dize glucose. 

Following this lead, Warburg and his coworkers (12) 
set out to isolate the enzymes responsible for this oxi- 
dation of glucose. They first found that when the eryth- 
rocytes were hemolyzed glucose was no longer oxi- 
dized, but that glucose-6-phosphate additions did re- 
sult in oxygen comsumption. The complete oxidation 
system was found to consist of 3 catalytic components 
as shown in Figure 3. 

The first was a dehydrogenase enzyme (E1) which re- 
moved electrons from glucose-6-phosphate, converting 
it to phosphogluconic acid. This enzyme functioned 
only if a heat-stabile coenzyme (Co II) was present. 
We shall consider the coenzymes later, and for the 
present turn our attention to the last component of the 
system (E2), an autoxidizable yellow enzyme which 
accepts electrons from the coenzyme and passes them 
on to atmospheric oxygen to produce hydrogen per- 
oxide. Theorell (13) succeeded in separating this 
“yellow enzyme” into a protein fraction and a heat- 
stable prosthetic group which was later found to be 
riboflavin monophosphate (14) (Figure 4). The ribo- 
flavin portion (prosthetic group) of the enzyme is ca- 
pable of alternately accepting electrons from the reduced 
coenzyme and losing them to atmospheric oxygen. 
The changes occurring in the flavin molecule during the 
oxidation-reduction are shown in Figure 5. 








TABLE 2 


Some Flavoprotein Enzymes Which Function in Electron Transport 





Prosthetic group Name 


Reaction catalyzed 





“Yellow enzyme” 


Riboflavin-5’-phosphate 
Cytochrome Reductase 


L-amino-acid oxidase 


Riboflavin-Adenine Dinucleotide D-amino-acid oxidase 


“New yellow enzyme” 
Purine oxidase 
Aldehyde oxidase 
Fumaric hydrogenase 
Glycine oxidase 


TPNH, + O02: — TPN + H.02 
TPNH: + 2Cyt ct+*+ + TPN + 2Cyt ctt 


ey , O 
R-¢-C-OH + 0O:— r—d_t_on + H:20, 
H 
HH @O O O 
| d | l, 
Hi: 


DPNH, + Methylene blue — DPN + Leuco M. B. 
Xanthine + O, — Uric acid + H20O, 

Aldehydes + O2 — Acids + HO. 

Fumarate + Leuco dye — Succinate + dye 
Glycine + O2 — Glyoxylic acid + H,0, 





Gyorgy, Kuhn, and Wagner-Jauregg (15) found that 
this yellow pigment—riboflavin—which had been first 
separated and studied for its enzymatic activity possessed 
activity as vitamin By. 

Since these early observations it has been found that 
many different enzymes contain riboflavin as an active 
part of the molecule. Even more common than the 
simple monophosphate which is the prosthetic group of 
the “yellow enzyme” is the flavin adenine dinucleotide 
(Figure 6). These riboflavin prosthetic groups are 
found in enzymes which carry electrons during fat and 
carbohydrate oxidation and also in a number of en- 
zymes which oxidize amino acids. Typical examples are 
included in Table 2. In all cases the flavin molecule 
functions by being alternately oxidized and reduced as 
shown in Figure 5. In intact cells the flavoproteins 
pass electrons to the iron-containing cytochromes 
rather than directly to oxygen. 

In riboflavin-deficient animals the level of some of 
these flavoprotein enzymes is greatly decreased below 
the normal. For example, Axelrod and Elvehjem (16) 
found decreases in the xanthine oxidase and d-amino- 
acid oxidase (17) content of flavin-deficient rats. 
Both of these enzymes are known to contain flavin-ade- 
nine dinucleotide as their prosthetic group (see Table 2). 
Decreases have also been noted in the activity of the 
succinoxidase system in tissues from flavin deficient 
rats (18). 

Let us now return to the fianction of the coenzyme 
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Figure 5. Oxidation and Reduction of the Alloxazine 
Molecule 
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Figure 6. The Prosthetic Group of Kreb’s D Amino 
Acid Oxidase 


which Warburg found to be necessary for the oxidation 
of glucose monophosphate and which is indicated in 
Figure 3asCoII. This coenzyme was isolated in pure 
form and upon chemical degradation was found to yield 
three molecules of phosphoric acid, two of pentose, one 
of adenine, and one of nicotinamide. Another co- 
enzyme, necessary for yeast fermentation, was found to 
be similar in structure except that it contained only two 
moles of phosphoric acid; it is therefore called diphos- 
phopyridiné nucleotide (also cozymase, coenzyme I, 
Co I). Its structure is shown in Figure 7. The tri- 





TABLE 3 
Reactions Catalyzed by Enzymes Linked with Di- and 
Triphosphopyridine Nucleotides 


Co I (DPN) 


= 1,3-diphosphoglyceric acid 
a = Pyruvie acid 
= Aldehyde 
= Oxalacetic acid 
= Dihydroxyacetone phosphate 
= Gluconic acid 


Co II (TPN) 


Glucose-6-phosphate = Gluconic acid-6-phosphate 
Gluconic acid-6-phosphate = 2-Keto gluconic acid-6-phosphate 
Isocitric acid = Oxalosuccinic acid 





D-glyceraldehyde-3PO, 
Lactic acid 

Aleohol 

Malic acid 
L-a-glycerophosphate 
Glucose 
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Figure 7. Diphosphopyridine Nucleotide 








phosphopyridine nucleotide studied by the Warburg 
school differs from it in structure probably by the ad- 
dition of the third phosphate group to one of the second- 
ary hydroxyls of ribose. 

When Warburg studied this coenzyme spectrophoto- 
metrically he found that this compound, too, could be 
alternately oxidized and reduced, and it was demon- 
strated that the catalytic effect of this coenzyme de- 
pended on its ability to accept electrons from the dehy- 
drogenase and transfer them to the flavin enzyme. It 
is the nicotinamide portion of the molecule which is the 
electron acceptor (Figure 8). — 

Both Warburg’s coenzyme IT and the coenzyme of 
yeast fermentation—Co I—function in this manner. 
Each coenzyme, however, is specific for its own type of 
dehydrogenases as shown in Table 3. 

Although the catalytic activity of the nicotinamide 
molecule was reported in 1934 it was not until 1937 that 
it was discovered to be a vitamin. At that time Elveh- 
jem and coworkers found that their concentrates of the 
antiblacktongue factor contained nicotinamide, and 
that nicotinic acid was also active in preventing the de- 
ficiency symptoms. It was later found that animals 
with blacktongue (19) as well as human pellagrins (20) 
have less diphosphopyridine nucleotide in their tissues 
than is normal for the tissue and species. Feeding 
nicotinic acid permits the tissues to increase their co- 
enzyme content to the normal level. 

In neither the riboflavin nor the niacin deficiency is 
the biochemical defect as specific as it was in the case of 
thiamine. The reason for this is the multiplicity of 
enzymes with which flavin-containing and niacin-con- 
taining coenzymes function. 

In Figure 9 we see how the various vitamin-contain- 
ing enzymes work in series. Each of the nicotinamide- 
containing coenzymes accepts electrons from a number 
of dehydrogenases, they in turn transfer these electrons 
to flavoproteins which in normal cells pass the electrons, 
one at a time, through the intermittent free radical to 
the cytochromes. Riboflavin, therefore, bridges the 
gap between the two electron dehydrogenase systems 
and the one electron cytochrome system. During this 
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series of stepwise oxidations energy is liberated in small 
parcels, in forms that the animal organism can use for 
its functions. 

Thus, because they act as prosthetic groups of en- 
zymes, very small amounts of these vitamins which we 
have just discussed can aid in the combustion of great 
quantities of energy-rich carbohydrate, fat, and protein. 

Brief mention should be made of two other vitamins 
whose mechanism of action is beginning to be under- 
stood. Lipmann and coworkers (2/) have recently 
found that the coenzyme required for the acetylation of 
choline and of sulfanilamide in tissue extracts contains 
pantothenic acid. It seems likely that the function of 
this pantothenic-acid-containing coenzyme in acetate 
metabolism is not restricted to the conjugation of acetyl 
groups with amino groups. The finding (22) that tis- 
sues from pantothenic-acid-deficient rats have a de- 
creased ability to oxidize pyruvate indicates that this 
vitamin may be a general catalyst for the metabolism 
of acetyl groups. 

The function of biotin in intermediary metabolism 
has recently been found (23) to be concerned with the 
fixation of carbon dioxide. The fixation apparently 
proceeds by the Wood-Werkman reaction: 


Pyruvate + CO, = Oxalacetate 


Oxalacetate so formed can be used for the synthesis 
of aspartic acid and other metabolically important com- 
pounds. Lactic acid bacteria grown with minimal 
quantities of biotin are unable to carry out this reaction, 
as shown by their inability to synthesize aspartic acid 
and more specifically by their complete inability to fix 
radioactive CO, into their protoplasm (24). When 
grown with adequate biotin, or when biotin is added to 
the deficient cells of L. arabinosus, radioactive bicarbon- 
ate is rapidly taken up from the medium and fixed in 
the aspartic acid of the bacterial cell proteins. 

Studies are now in progress to determine the function 
of biotin in isolated enzymatic reactions. 


SUMMARY 


To summarize, our present state of knowledge per- 
mits the following statements: 

Thiamine, acting as the coenzyme for pyruvic decar- 
boxylase, seems to be the vitamin most specifically con- 
cerned with carbohydrate metabolism. 

Nicotinamide and riboflavin function in the transport 
of electrons during the oxidation of all types of food- 
stuffs—carbohydrate, fat, and protein. 

The vitamins of the Bs group seem most specifically 
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Figure 8. Oxidation and Reduction of the Nicotinamide 
Nucleotides 
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Figure 9. Paths of Electron Transfer in Living Cells 


concerned with the metabolism of the amino acids. 
They catalyze transamination, decarboxylation and 
even the formation of certain amino acids. It is likely 
that this versatile group will be found to catalyze even 
other types of reactions. 

Pantothenic acid, as a constituent of the coenzyme 
for acetylations, is concerned in amino acid, carbohy- 
drate, and fat metabolism. 

At least one of the functions of biotin is the fixation 
of carbon dioxide with pyruvate to form oxalacetate. 
The latter plays a vital role in the synthesis of amino 
acids, it is the starting gate on the excursion of the 
Krebs cycle and stimulates cell growth by supplying 
building blocks for cellular constituents as yet unknown. 
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THE HIGH-SCHOOL AWARDS OF THE MEMPHIS SECTION 


To encouracs interest in chemistry and in the Ameri- 
can Chemical Society, the Memphis Section awards 
“student associate memberships” in the Section to 
the leading students in the chemistry classes of the 
accredited high schools in Memphis and in Oxford, 
Mississippi. 

These memberships are awarded at the end of the 


first semester, and are good for twelve months. They 
entitle the winners to a monthly copy of ‘“The Southern 
Chemist” and to attend, as guests, the monthly meet- 
ings of the Section. 

The winners are determined by the high-school 
chemistry teachers. These teachers are requested in 
October to plan to select pupils who are outstanding, 
and who will probably have an enduring interest in 
chemistry. At least one membership is awarded to 
each school that has a chemistry class. An additional 
membership is granted for every twenty-four chemistry 
students or fraction thereof. ‘ 

The winners of the awards this year and their 
schools follow: 


Catholic High School: Daniel Bruce 
Central High School: Blake Atchley; Bobby Alexander; 
Jackie Kahn; Charles Koepke; Garnsey Wade; Barbara 
Lyons; Raymond Shainberg; Jimmy Rackley 
Christian Brothers College: Harrel Crone; Bob Hill; Allen 
Skiles; William Greaney 5 
Humes High School: Raymond Tanner; Ralph Franklin 
Messick High School: Tommy H. Gray; Jack A. Page; John 
C. Rumhle 
Sacred Heart High School: Rita La Verne Sauer 
South Side High School: Billy Rogers; Phil Katrovitz; 
Ernest West; Lynnwood Lay; Betty Mavis 
St. Agnes Academy: Betty Smuda; Patricia Kinsella 
Memphis Technical High School: Barbara Truax; Martha 
Caldwell; Joan Harris; John Baker; Don Jarrett 
Treadwell High School: Joan Carter; Dorothy Fisher; 
Harold Bay 
Oxford, Mississippi, High School: 
Trott; Jean Black 
Besides sponsoring the high-school awards, the 
Memphis Section, through its Committee on Educa- 
tion, offers to secure speakers for the high-school 
clientele, and gives each school a subscription to the 
JOURNAL OF CHEMICAL EDUCATION. 
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CHEMICAL WARFARE IN ANCIENT INDIA 


Te secinnine of chemical warfare is generally 
traced to the Grecian stinkpot, and as Greece is be- 
lieved to have cradled modern civilization it is not 
surprising that we should find in the history of that 
country reliable evidence of the origin of chemical 
warfare. The fact that many civilizations thay have 
preceded that of Greece suggests that the parentage 
of the Grecian civilization lies within the annals of an 
earlier and perhaps greater dynasty. The civilization 
of Greece is relatively young in the history of the world 
and unfortunately the continuity of its history is not 
unbroken, thus making investigation somewhat difficult. 
One might turn with good reason to a search of the great 
epics of Greece, to the Iliad and to the Odyssey, but 
here little or no trace of the employment of chemical 
warfare is to be found. 

From careful investigation, therefore, it is suggested 
that India might lay substantial claim, both from its 
antiquity and the evidence in the pages of its history, 
to precedence as the country of origin of chemical 
warfare. 


THE OUTPOSTS OF INDIAN HISTORY 


Before presenting arguments and proofs it is well 
briefly to describe certain high points of Indian history 
to which we will refer. 

The ancestors of the present Aryan Indians migrated 
into India from the north many milleniums ago. The 
exact date of this emigration is unknown today and 
possibly never will be known, but scholars have esti- 
mated the time to have been somewhere. between 
10,000 and 2000 years before Christ. Jacoby and 
Tilak! set this period in the fifth or sixth millenium 
B.c. and based their conclusions upon certain astro- 
nomical evidences occurring in the most ancient Hindu 
scriptures—the Vedas. This age we will refer to as 
the ‘Vedic age” (4000-3000 B.c.). 

In the next age (3000-2000 B.c.) were conceived the 
various philosophies and sciences, and this age may be 
termed the ‘Upanishad period.” 

The third period (2000-650 B.c.) includes the growth 
of settled life when great empires grew and decayed. 
In ancient India this period of dynastic birth and 
decline may be termed the ‘‘Epic period.” 

The next or fourth phase (650 B.c.-800 a.p.) starts 
with the birth of Buddha and ends about the eighth 
or ninth century A.D.; this might be named the “Budd- 
histic or classical period.” 

In this way Indian history before Christ is divided 
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into four phases or periods, each of approximately a 
thousand years duration; this estimate being founded 
mainly on the work of Jacoby, Tilak and Vaidya.’ 

We find an advanced civilization in India during the 
first period and evidence of the existence of all elements 
of useful branches of knowledge. The Indian language 
was the most highly developed in the world at this 
time. The second period was even more notable on 
account of the development of philosophy and sciences 
and might well be regarded as the cultural zenith of 
Indian history. All the landmarks of science and 
philosophy belong to this period. 


SOURCE-MATERIAL 


The Vedic period is known to have three works on 
military art, of which two only have been found. This 
art is known generically as Dhanurveda; the ending 
“veda”? means knowledge and is derived from the 
same root as the words wise, wisdom, and wissenshaft; 
the three works on the subject were probably written 
in the latter part of the Vedic age or the first part of 
the second or Upanishad age. 

About the same time certain systematic treatises 
on Vedic literature came to be known as ‘‘Samhitas.” 
Among these occur works known as “Bhrigu Samhita” 
and “Brihat Samhita,” which also deal with warfare. 

Then there are many books on law and ethics re- 
ferring to this subject. Among these may be men- 
tioned “Manusmriti” and the three “Niti-shastras,” 
by Kamandaki, Kautilya and Shukra. These perhaps 
belong to the fourth age, 7. e., about the beginning of 
the Christian era, although the material and informa- 
tion is supposed to be drawn from literature of the 
first or second age. 

The two great epics of India, the “Ramayana” and 
“Mahabharat” describe both the theoretical and 
practical approaches to warfare as exemplified in two 
of the great wars. These works describe the tactics, 
formations and various military weapons in such detail 
as to leave no doubt regarding the status of the art. 
Of course, the epics are from the third or Epic age, 
although they might have been written in the latest 
age, at about the beginning of the Christian era. 

There are also many miscellaneous works such as 
“Yukti-Kalpataru,” ‘Maya-mata,” certain Upani- 
shads, storybooks and dramas which contain some of 
this information. One of the most ancient storybooks, 
the ‘Pancha Tantra,” which was translated into Latin 
and other languages at about the time of the Christian 





' TiLak, B. G., ‘“Aretic Home of the Vedas,” Tilak Brothers, 
Poona, India, 1925. 


2 Vaipya, C. V., “History of Sanskrit Literature,” published 
by C. V. Vaidya, Poona, India, 1930. 
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era, devotes one whole book to teaching the art of 
warfare. ‘ 


STATUS OF THE ART IN GENERAL 


Their knowledge of gunpowder, guns, cannons, and 
many other subjects is obvious in these writings. 
They classified the various forms of warfare and con- 
cluded that mysterious or chemical warfare was the 
best and most humane. They understood that chemi- 
cal warfare and surprise attacks produced heavy 
casualties. They also realized the importance of 
espionage and counter-espionage. They did not trust 
the treaties or promises of the enemy and had com- 
manded that one ought always to be prepared to brow- 
beat the enemy. We will quote a few important 
passages from some of these books and the reader may 
form his own opinion regarding the status of the art. 

The following are from Sarcar’s translation of 
Shukra’s “Nitishastra,” chiefly Chapter IV, Section I, 
on Army: 

“Astra is that which is thrown or cast by means of 
charms, machines or fire.” (It is believed that ‘astras 
of charms” are chemical warfare weapons.) 

“The king who desires victory should use ‘charmed 
astra’ first and in its absence should use ‘tubular 
astra.’’’ The tubular astras are evidently guns and 
cannons. 

“The nalikastra is the cylindrical or tubular instru- 
ment to be used by infantry and cavalry, having a 
horizontal and straight hole at the origin, the length 
of two cubits and a half . . . which has fire produced 
by the pressure of a machine on flint . . . holds gun- 
powder in the interior .... 

The composition of gunpowder is given as five parts 
of nitrate salt, one part sulfur, and one part charcoal. 
It is interesting to note in this connection that all these 
constituents were indigenous to India. 

“Experts make gunpowders (literally—fire powder) 
in various ways and of white and other colors according 
to the relative quantities of constituents, e. g., charcoal, 
sulphur, nitre, and red lead, orpiment, realgar, iron 
filings, indigo, camphor, lead, etc.” 

“The balls are made of iron, lead and other metals.” 

“The balls in the instruments are flung at the aim 
by the touch of fire.” 

“The daiwika warfare [Divine, or best] is that in 
which charms [chemicals] are used, the ‘asura or next 
best’ is that in which mechanical instruments are used 
and the lowest is that in which hands and hand-held 
weapons are used.” . 

“That war with mysterious or charmed instruments 
is known to be the best of all in which the foes are 
destroyed by arrows and other arms rendered powerful 
through being applied with mysterious charms.” 

“The war with mechanical instruments leads to 
great destruction of the enemy in which balls are flung 
at the objective by the application of gunpowder in 
cylindrical fire-arms.”’ 4 

“There is no warfare which annihilates the powerful 
enemy so much as the Kutayuddha |Surprise or deceitful 


‘ others, however fanciful this may appear. 
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attack].” Similar statements are found in the ‘“Dha- 
nurveda” by Jamadagni. 


CHEMICAL WARFARE ~ 


This forms part of the warfare conducted with the 
aid of projectiles. Projectiles are divided into two 
kinds depending upon their quality and three kinds 
depending upon the way they are thrown. While the 
word “projectile” is not synonymous with chemical 
warfare agents and might include evena stone discharged 
from a sling, many of the projectiles mentioned leave 
no doubt as to their similarity to the chemical warfare 
agents. 

One division of projectiles is known as Mayic signify- 
ing that they are mysterious, illusory, or magical in 
character. It is also stated that these produce in- 
calculable casualites. Nearly a score of these, together 
with the effects, have been mentioned by name in the 
two epics “Ramayana” and ‘“Mahabharat.’’ The 
very names of these are indicative of their nature. 
Thus Agneyastra means a projectile of fire, since the 
word astra means a projectile and agneya means “of 
fire.’ The latter word in derivation is allied to the 
English “ignition.” The name Sammohanastra signifies 
a projectile that produces stupor, enchantment, or 
hypnosis. The name Timirastra signifies a projectile 
that produces darkness or blindness, and, therefore, 
a tear gas. Jrimbhakastra signifies a projectile that 
produces prolonged yawning. Varunastra signifies a 
projectile with salty liquids, 7. e., probably acid; and 
Vayavyastra a projectile with air or smoke. The 


characteristics of the other projectiles are difficult to 


interpret. The effects of some of them were to quench 
fire, produce optical illusions, horrible sounds, etc. 

It is interesting to note that the Hindus seem to 
have used antichemical projectiles to counteract 
This is 
quite suggestive, but seems as though it were an un- 
mistakable prediction of today’s technique of counter- 
measures in warfare on sea and land. Many of these 
weapons were projected from bows in the form of ar- 
rows. For this purpose arrows were made hollow or 
were provided with hollow knobs. While it is difficult 
to identify these missiles positively as chemical warfare 
agents, all evidence points to such a conclusion. 

The following quotations from the “Ramayana,” 
of about 2000 s.c., and the “Mahabharat,” of about 
1500 B.c., indicate the nature of the secret or mysterious 
weapons, which we believe are chemical warfare 
weapons: 

“Ramayana,” 2000 s.c., R. C. Dutt’s translation: 


‘‘Vishnu’s wondrous weapon take, 

Heavenly artist-Vishwakarman shaped this bow of heavenly 
make; 

Take this shining dart of Brahma radiant like a tongue of flame, 
(a)* 

Sped by good and worthy archer never shall it miss its aim, 

Impious foes of bright Immortals, know these weapons dread 
and dire 





3 See page 272 for key to letters in parentheses, 
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Mowing down the ranks of foemen, Scathing like the forest fire. 

Quick as Indra’s forked lightning are these arrows feather-plumed, 

Deadly as the hissing serpent are these darts with points illumined 

By the flaming shafts of Rama, thou shalt die by will of Heaven, 

Matchless in his magic weapons, then he hurled his Naga-dart, 

Serpent noose upon his foeman, draining life blood from the heart. 

Vainly sought the unseen warrior, dealing unresisted blow, 

Rama and the powerless (b) Laxman fell and fainted on the field, 
(c) 

With his darts like shooting sunbeams cleft each arrow as it came, 

Ravana drew at last his Sakti gift of Gods (d) in days of Yore. 

Deadly arrows keen and flaming from the hero’s weapon broke; 

Then with weapons consecrated, hid in mists as once before 

Indrajit on helpless foeman did his fatal (b) arrows pour. 

Then on Rama and on Laxman, from his dark and misty shroud 

Indrajit, discharged his arrows bright as sunbeams through a 
cloud, 

To the holy Nikumbhila, Indrajit in secret hies 

For the rites which yield him prowess, hide him in the cloudy 
skies, 

Like a coward hid beneath a mantling cloud, (6) 

Thou hast battled like a caitiff, safe behind the sheltering shroud 
(6); 

Until Rama in his ire, wielded Brahma’s deathful weapon flaming 
with celestial fire; 

Weapon which the Saint Agastya had unto the hero given, 

Winged as lightning dart of Indra, fatal as the bolt of Heaven 

Wrapped in smoke and flaming flashes, speeding from the circled 
bow.” 


“Ramayana,” M. N. Dutt’s translation: 


‘Ravana discharged seven shafts furnished with knobs, 

Thereupon Laxman split them up with sharp pointed arrows, 

Ravana hurled at Laxman the dart resembling smoky fire send- 
ing up living flames. (6) 

And Laxman hath been wounded with the dart and hath suddenly 
been stupefied, (c) 

And others dropped down—and some lay insensible as if dead; (c) 

Then he took an arrow of Indra, whetted and knobbed and like 
unto the destroyer himself, 

And he sent a shaft reciting a formula for the Agneya weapon and 
these at his arrow as well as bow flamed up. 

Then Aikaya used Rudrastra as a counter (d) weapon, 

And there like a pair of infuriated serpents those arrows 

With their heads flaming in energy, baffled each other in the sky 
and then fell down to earth, 

And clouding the whole sky with smoke that efflulgent one 
enveloped in frost, hid himself from their gaze, 

And in that terrible darkness (6) of clouds began to make a down- 
pour of arrows, etc. 

Thereupon Rama, began to aim his sharp shafts to the direction 
whence the arrows came; 

Like unto the sun hidden in clouds they could see neither his 
countenance and motion nor his bow (6) and arrows, 

And smit by Laxman with arrows . . . Indrajit for a while was 
stupified and had his senses overwhelmed, (c) 

And pierced the son of Ravana with shafts resembling the venom 
of a poisonous serpent.” 


“Mahabharat,” 1500 B.c.,-P. C. Ray’s‘ translation: 


“‘Beholding Bhima overwhelmed by Narayanastra, Arjuna, for 
baffling its energy covered him with Varunastra, the fire of that 
weapon consumed them not... (d) ... in consequence of the 
force of Varuna weapon.” 


Whether one finds the evidence contained in the fore- 
going quotations to be convincing or not it cannot be 
denied that chemical warfare or something similar 
thereto is strongly suggested in these writings. Cursory 


‘ Ray, P. C., “History of Hindu Chemistry,” Vols. I and II, 
Williams and Norgate Company, London, 1909. 
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readings of the epics of India cannot fail to bring before 
one’s mind a clear connection between the ancient 
art of warfare and that practiced in the last world war. 
More particularly, when one reads of fire weapons, 
smoke screens, hypnotic weapons, and antiweapons, 
this becomes clearer. 

It should be noted that the epics are not the only 
ancient books which mention this form of warfare. 
We find mention of such magical missiles even in the 
Vedas. and Upanishadas. There are at least three 
reported treatises on warfare which also mention them. 
Then the many Nitishastras, storybooks, some Sam- 
hitas and nearly eighteen semihistorical Puranas also 
mention them. Therefore, this knowledge was not 
restricted to a few isolated individuals but had found 
favor with the intellectual hierarchy of the different 
ages. , 

The autobiography of chemical warfare as gleaned 
from linguistic evidence also points unmistakably to 
this conclusion. Let us see what the various agents 
themselves have to say. First, the word Astra, comes 
from a root asa, meaning to throw or project, and there- 
fore refers to a projectile or missile. These projectiles, 
from the qualitative standpoint, are divided into two 
classes according to ancient treatises. The second 
class is known as mayik astras. This signifies that the 
projectiles referred to are magical or illusory or mys- 
terious. The word mayic is identical with the English 
word “magic.” If we remember that the very word 
chemistry is derived from a word which means “black 
art,” we will understand the significance of the term 
magical projectiles. 

In ancient civilizations knowledge and education 
were not common but one exclusive to the sacred 
few. Therefore, those who possessed knowledge 
guarded it with jealous care and called it by names 
which signified that it was obtained by supernatural 
means. They felt sure that such tricks would even 
prevent anyone from attempting to discover anything 
about it. Even as late as the 15th century, Roger 
Bacon used cryptic language in describing chemical 
formulas to keep this knowledge secret from curiosity 
mongers. In his own time he was known as a magician 
and was expelled from England for practicing black 
magic. Thus the term “magic projectiles’ signifies 
that the projectiles are magical in effect and are made 
by magical or secret formula. Indians endowed various 
natural phenomena with qualities and personified them. 
All of such persons were known as gods—Asuras. All 
the.magic projectiles, depending on their qualities, are 
presided over by some god and are named after them. 
Thus Agneyastra, Pasupatastra, Narayanastra, etc., 
refer to well-known gods in Indian mythology: Agni, 
Timira, Varuna, Brahma, Indra, Pasupati, Narayan, 
etc. 

‘‘What Mantragna Brahmins produced by harnessing 
the natural forces, e. g., fire, air, water, is known as 
mantra.” This definition from the Yantrarnava chapter 
of the ‘‘Dhanurveda” conclusively proves that mantra 
signified scientific processes and not mere incantations. 
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DOCTRINE OF PREREQUISITES 


The development of chemical warfare in ancient 
India is strongly indicated by the so-called doctrine of 
prerequisites. This doctrine states that without cause 
no effect is possible, and that the existence of one 
points to the existence of the other. Thus the de- 
velopment of trigonometry is not possible without its 
prerequisites, algebra and geometry. The invention 
of the gramaphone is not possible without the pre- 
requisite knowledge that sound is vibratory in nature. 
This doctrine does not, of course, apply to evolutionary 
phases of knowledge. If we reduce chemical warfare 
to one or two such prerequisites we find that an ad- 
vanced knowledge of chemistry is one of them, the 
others being natural resources and the high develop- 
ment of the science of warfare. We have already de- 
scribed the stage of development of the science of war- 
fare. ‘The chemical warfare resources of India were 
unquestionably matchless. India knew many natural 
poisons, vegetable, animal, and mineral. Indians used 
many of these in medicine in a daring way. They 
knew arsenic, many alkaloids and animal poisons. 
They were familiar with natural substances which 
produced sneezing, coughing, itching, blindness of the 
eyes, stupefaction, and skin-burning or blisters on the 
skin. When we realize that many primitive races 
have used poisoned arrows, their use by a civilized 
people with a highly developed science of warfare 
seems to follow logically. 

The fact that firearms and gunpowder were known 
in ancient India lends still further support to our 


theory. The world has believed that gunpowder was . 


a Chinese invention. It is certain that the Chinese 
do not have ancient proofs of this discovery. We 
believe that the Indian discovery traveled to China 
along with the Buddhist missionaries and Europe 
learned it first from China. The Indian records go 
much further back than Chinese evidence; further- 
more, China did not have the prerequisites for this 
discovery—the knowledge and existence of both sulfur 
and nitrate. There is no definite evidence to show that 
the Chinese knew either. 

China has no definite evidence of using either fire 
weapons or chemical warfare weapons earlier than the 
4th or 5th century, A.D. No authentic work of an 
earlier date claims or even hints at chemical warfare 
weapons. Encyclopedias and works of 14th and 17th 
centuries are the first to claim either the firearms or 
the chemical warfare agents. This is shown in a 
scholarly paper by H. F. Mayers.’ Coupled with this 
fact it should be noted that from a century or two 
before the Christian era up to the 10th century 4A.p. 
there was considerable intercourse between the Chinese 
and the Hindus. Liang Chi Chao, President of the 
University Association of China, in an introduction 
to Tagore’s visit, states that 37 Indians came to China 





5 Roy. Asiatic Soc. Journal, VI, 1869 74-104. Also see Davis, 
T. L., AND J. R. Ware, Turis JourRNAL, 24, 522 (1947). 
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between 67 and 789 a.p., while between 265 and 790 
A.D. 187 Chinese scholars went to India to study. 
This shows that whatever knowledge of firearms, 
pyrotechny, and chemical warfare the Chinese had in 
the post-Christian period might have been obtained 
from India. 

Indian niter, under the name of Bengal saltpeter, 
was the first niter the world ever knew, even in modern 
times. Nature has provided India with this material 
as a perennial efflorescence on the soil. Similarly, 
sulfur was known in ancient India, and the very name 
sulfur comes from Sanskrit sulvari, meaning enemy of 
copper. In this connection we might mention two 
great scholars who have testified in favor of India: 
Sir Thomas Holland, formerly Director of the Geo- 
logical Survey of India, testifies as to sulfur, and R. 
Gustav Oppert,® a German scholar, testifies as to 
firearms and gunpowder. 

The other prerequisite, the high knowledge of chemis- 
try, cannot be dealt with at length in this paper. 
Numerous papers and books published on the subject 
give a fair idea of this. 

Oppert,® in his introduction to his translation of 
“Nitishastra” of Shukra, says: “The old Hindus dis- 
played a great ingenuity in inventing injurious and 
irritating compounds and refined expedients for hurling 
them amongst the enemy during a combat.” He fur- 
ther shows that they used explosives and heated oil, 
and that heated sand, melted sugar, and pots filled with 
venomous snakes mixed with honey, spikes, smoke 
balls, saws, etc., were frequently employed during 
combat in ancient India. 

Duryodhana’s soldiers, encamped in Kurukshetra, 
had at their disposal similar chemical implements of 
war (““Mahabharat,’”’ chapter Udyogaparva, pp. 155-7). 

Kautilya’s ‘‘Arthshastra,”’ translated by Shamsastry, 
also gives unmistakable evidences of chemical warfare. 
This work belongs to the 4th century B.c. and its age 
has been definitely established. Chanakya was the 
prime minister of King Chandragupta, a contemporary 
of Alexander. The following quotations need no 
comment: 

“They may destroy him by means of an explosive fire or a 
poisonous snake.” 

“He should be destroyed with smoke when he (the King) is 
in a desert (p. 470). 

“The smoke caused by burning the above powders causes 
instantaneous death” (p. 495). 

“The smoke caused by burning the powder ... destroys animal 
life as far as it is carried off by the wind.” (e) 

“The smoke caused by burning the powder . . . mixed with the 
powder of hoofs . . . causes blindness.” (f) 

‘‘When a man who has kept his eyes secure with the application 
of ointment (7) and medicinal waters, burns the powder . . . the 
smoke caused thereby destroys the eyes of all animals” (p. 
496). (f) 

“The combination of the above two mixtures poisons grass 
and water.” (g) 

“The smoke caused by burning the mixture causes madness” 
(p. 498). (h) 

“When half a Dharana of this mixture. . . 


6 OprerT, R. Gustav, “Fire Arms and Weapons in Ancient 
India,” published in Madras about 1880. : 


is thrown into a 
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reservoir . . . it vitiates the whole mass of water, whoever .. . 
drinks this water will be poisoned” (p. 499). (g) 

“The body which is painted with paste . . . burns with fire” 
(p. 502). 

‘‘Whenever one of the pills is thrown chanting above mantra, 
there the whole animal life falls into deep slumber” (p. 507). (c) 

“‘When the things . . . of the army are washed in the tepid 
water prepared . . . it removes the bad effects of poison.”” (7) 

“The stinking oil . . . removes madness.” (7) 

“The application of the mixture . . . resuscitates . . 
fallen senseless ... eating poison.” (7) 

“Having applied these remedies to secure the safety of himself 
and his army, a King should make use of poisonous smokes and 
other mixtures to vitiate water against his enemy.” 

It will be noticed that both defensive and offensive 
chemical warfare agents were known. These quota- 
tions leave no doubt as to the knowledge of chemical 


warfare agents such as those used in the last war. 


EXTERNAL EVIDENCE 


Incendiaries are mentioned in the ‘‘Manasollas,’”’ and 
“Rajatarangini” (1000 a.p.). The story of Alexander 
the Great’? and the poison damsel of India, who had 
some transmittable disease other than syphilis, is 
too well known to need mention. Aristotle’s warning 
and advice to Alexander in this connection is also of 
interest as evidence. 

The descendants of the ancient Hindus, the Persians, 
also were adepts in chemical warfare. Their know- 


. those 


ledge of this must be traced from their Hindu ancestors. 
According to Herodotus, Book VIII, paragraph 52, 
the Persians discharged the first fire arrows on Greek 
soil against the defenders of the Acropolis. 


According to the ‘“Shahangmeh”’ of Firdousi, King 
Kaus and a number of his army were blinded by the 
enemy when they invaded the country of Mazindaran. 
The country of Mazindaran is probably India. 

Quintus Curtius® has a passage, according to General 
Maclagan, indicating that Alexander met with some 
fire weapons in India. 

We read in the extracts from the work of Xtessias 
on India that an oil from a big worm which had the 
property of igniting everything was used by the Hindus. 


7 Roy. Asiatic Soc. Journal, Bombay Branch, IV, part I, p. 


213 (1928). 
8 J. As. Soc. Bengal, XIV, part I, 44 (1876). 
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Since Persians as late as Firdousi attributed the 
effects of rockets to sorcery or magic (jadou) they could 
not have been the inventors of fire weapons or chemical 
warfare. The fact that the action of certain chemical 
weapons was not fully understood is undoubtedly re- 
sponsible for their being called magical. Colonel 
Hime in ‘Ammunition & Gunpowder,” p. 55, says: 

“The fact that the first recorded use of fire-arrows 
on Greek soil was made by Persian archers, lends some 
probability to the view that Greek fire was originally 
borrowed from the East. The evidence coming from 
Greeks should not be neglected in connection with this 
and chemical warfare. Themistocles mentions the 
Brahmans as ‘fighting at a distance with lightning and 
thunder.’ ”’ 

Alexander in a letter to Aristotle mentions ‘the 
terrific flashes of flames’? which he beheld showered 
on his army in India (Dante’s “Inferno”’ XLV, 7-31). 
Philostratus thus speaks of Alexander’s invasion of the 
Punjab: “Had Alexander passed the Hyphasis, then 
he never would have made himself master of the 
fortified habitations of the Brahmin sages. Should an 
enemy make war upon them they drive him off by 
means of tempests and thunders as if sent down from 
heaven. The Egyptian Hercules and Bacchus made a 
joint attack on them and by means of various military 
engines attempted to take their places. The sages re- 
mained unconcerned spectators until the assault was 
actually made. Then it was repulsed by fiery whirl- 
winds and thunders which, being hurled from above, 
dealt destruction on the enemies.” 


Key to Evident Chemical Agents Referred to: 


(a) Fire or flame weapon. 
(b) Smoke screen. 
(c) Hypnotic gas. 
Counter flame gas. 
Lethal gas, e. g., HCN, COCle. 
Tear gas. 
Contaminant gas. 
Madness producer. 
Counter gas to remove effects of other gases. 
Protective ointment or measures. 


During the war a group of Chinese naval cadets were brought to the U. S. for special 


training in American colleges. 


At the conclusion of the course one of the outstanding 


students of the group was asked to state his impressions of this particular phase of his 
education. His answer was concise: ‘‘Many, many questions—No answers.”’ 

If we had been that young man’s teacher we would have felt quite satisfied, for 
broadly speaking education should make one aware of the voids in human experience 


as well as of the knowledge and wisdom which have been acquired through the cen- 


turies. 


Concurrently, of course, the successful teacher sends his students into the 


world with a burning desire to find the answers. 


—From Silicate P’s & Q’s 
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THE TRANSURANIUM ELEMENTS AND 
NUCLEAR CHEMISTRY 


Iv 1s BUT a very few years since uranium was com- 
monly known as the last element in the periodic system. 
It may be recalled that all elements beyond bismuth 
(element 83) are measurably unstable as evidenced by 
their radioactivity. The existence in nature of these 
elements comes about from the accident that certain 
isotopes of uranium and thorium have lifetimes com- 
parable with that of the age of the earth and these long- 
lived isotopes serve as sources for the constant replenish- 
ment of the many radioactive species of elements be- 
tween uranium and mercury. It is also an accident of 
nuclear properties that no isotope of elements above 
uranium has a sufficiently long lifetime to have per- 
sisted through geological time, although there is no 
doubt but that transuranium elements existed at some 
early time. Thus we see that the periodic table of the 
naturally occurring elements ends with uranium be- 
cause we are living in a universe so long after its for- 
mation. 

In the early 1930’s several important events occurred 
which made it possible to consider the artificial prepa- 
ration of transuranium elements. One of these was the 
discovery of artificial radioactivity by Irene Curie and 
F. Joliot. The implication of this discovery was that 
not only could an element be transmuted but the trans- 
mutation product could be chemically identified, mak- 
ing use of its radioactivity as an analytical tool. In 
principle, then, uranium could be transformed into 


higher elements and there was a good chance that the , 


products could be identified through their radioactivity. 
Simultaneously with the discovery of artificial radio- 
activity more powerful means by which such transmu- 
tations could be brought about were discovered and de- 
veloped. In 1932, J. Chadwick discovered the neutron 
and soon afterward E. Fermi showed that all elements 
could be made radioactive by neutron irradiation and 
that a neutron capture reaction often produced a nu- 
cleus which decayed to a radioactive isotope of the next 
higher element. This, then, is one path by which ele- 
ment 93 might be reached, for if uranium, element 92, 
were irradiated with neutrons, it is reasonable to expect 
that one of the products would decay to an isotope of 
element 93. The far-reaching consequences of the ir- 
radiation of uranium with neutrons is well known. 
The initial difficulties in the interpretation of the re- 
sults were finally resolved in the discovery of fission as 
well as the discovery of the first of the transuranium 
elements, neptunium. : ‘ 
Even before neutron capture reactions were being ex- 
plored a more versatile means of producing nuclear 
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transformations was in the offing. This was the inven- 
tion of the cyclotron by E. O. Lawrence, and its devel- 
opment to accelerate charged particles to energies that 
could penetrate the nucleus of the heaviest elements. 
Since the capture of a positively charged particle, such 
as the deuteron, immediately results in a higher element, 
it became feasible to bombard uranium and to produce 
transuranium elements. It should also be mentioned 
that until the nuclear chain reaction was added to the 
tools for promoting nuclear transformations, the cyclo- 
tron was the most powerful source of neutrons. 

Besides leading to the discovery of uranium fission, 
the work on the transuranium elements presents many 
other facets. There are the discoveries of these new 
elements themselves, which alone produce a fascinating 
story. The nuclear reactions by which plutonium is 
produced in quantity are of utmost practical and 
scientific importance and the macroproduction of nep- 
tunium is likewise of interest to the scientist. The 
elucidation of the nuclear properties of the heavy iso- 
topes now available is greatly increasing our knowledge 
of nuclear structure and nuclear stability since the iso- 
topes of these elements make available nuclear types not 
obtainable in nature. 

With respect to pure chemical problems the trans- 
uranium elements provide rich ground for exploration. 
The chemical properties of each of the new elements 
are, of course, of great interest in themselves, but, in 
addition, these elements are proving to be part of a 
transition series analogous to that of the rare earths. 
Since all of these elements were first produced in quanti- 
ties that can only be investigated at so-called “tracer 
concentrations” by the methods of radiochemistry, 
many of the chemical properties were firgt deduced with 
invisible quantities of material. This called for a 
considerable further development of these methods. 
In particular, the necessity for developing a method for 
separating plutonium from the products of the nuclear 
chain reaction constituted a compelling stimulus for ex- 
tending our knowledge of the behavior of trace amounts 
of substances. Similarly, the methods of quantitative 
ultramicrochemistry, poineered by P. L. Kirk of the 
University of California, were considerably extended 
through the work with the transuranium elements. 
This followed from the necessity of determining many 
of the properties of these elements with isolated com- 
pounds or at conventional concentrations in solution 
when only microgram quantities were available. 

All in all, the work done with the transuranium ele- 
ments, and associated problems such as the work with 
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the fission products, has greatly enlarged in scope and 
intensity the body of knowledge encompassing both 
chemistry and physics associated with nuclear studies. 
Some of us would like to consider all of these studies 
that are related to nuclear problems and for which 
chemical training is an asset as a new field called “nu- 
clear chemistry.” A simple definition of nuclear chem- 
istry has already been given as the branches of nuclear 
work in which chemistry plays an important part. 
This would include the study of nuclear transformations 
since ‘he most widely used method for deducing the 
nature of the reactions is the chemical identification of 
the reaction products. It will be remembered that 
vranium fission was discovered by proving chemically 
that certain radioactivities belong to elements near the 
middle of the periodic table. 

As already mentioned, the behavior of very minute 
concentrations of materials measurable through their 
radioactivity has been termed radiochemistry, and this, 
too, is a branch of nuclear chemistry. The methods of 
studying these minute quantities have been extended to 
allow the accurate deduction of the chemical properties 
of elements present only at concentrations of 10-” 
molar, or so. 

While many other examples of different aspects of 
nuclear chemistry could be given, two or three should be 
mentioned. One of these is the familiar application of 
radioactive substances as tracers or labelling agents, 
an extensive use of which is being made in the solution of 
reaction mechanisms. This inclusion may be tempo- 
rary since, although the techniques are common to nu- 
clear chemistry, the actual applications belong properly 
in their respective fields. Another is the study of 
chemical processes induced by radiation. This latter 
field has been termed “radiation chemistry” and is most 
closely allied to photochemistry. Still another branch 
is “hot atom” chemistry in which an atom left in an ex- 
cited state from a nuclear reaction utilizes some of this 
excitation energy in promoting chemical reactions. 

With these definitions of the field encompassed by 
nuclear chemistry we may return to the transuranium 
elements, for it is here that nuclear chemistry has found 
its richest outlet for expression. 


DISCOVERY OF NUCLEAR FISSION AND 
TRANSURANIUM ELEMENTS 

The important and far-reaching results that were to 
come from the search for the transuranium elements 
could not even be dimly visualized a scant ten years ago. 
As already mentioned, the search for the transuranium 
elements was to lead to the discovery of fission, the 
nuclear chain reaction, and to new and important 
knowledge of the structure of the heaviest elements. 

The histories of the transuranium elements and the 
fission process are so closely intertwined that it is per- 
haps worth while to review the chain of events that led 
to the discovery of both. Starting in 1934 and contin- 
uing for several years, E. Fermi and his coworkers in 
Rome found that neutron irradiation constituted a 
general method of inducing radioactivity. Since the 
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coulomb field of the nucleus does not oppose the entry 
of the uncharged neutron as it does charged paticles, the 
reactions are readily promoted by low energy neutrons. 
In general, the radioactive nuclei so formed are unstable 
with respect to negative beta-particle emission, result- 
ing in the element higher by one atomic number. When 
uranium was irradiated with slow neutrons it was reason- 
able to suppose the beta-decay process would result in 
an isotope of element 93. However, instead of a single 
radioactivity or two, a whole series of activities was ob- 
served. The investigators were led to assign these 
activities to a series of “transuranium elements.” The 
experiments of O. Hahn, L. Meitner, and F. Strassmann 
appeared to confirm this viewpoint since the chemical 
properties of the new isotopes were not those of ura- 
nium. For several years these supposed “‘transuranium 
elements” were the subject of much experimental work 
in widely separated laboratories. Finally, O. Hahn 
and F. Strassmann, earlyin 1939, after exhaustive chemi- 
cal work on one of the activities, concluded that since 
it could not be separated from barium it must be an iso- 
tope of barium. Scientists had to accept the amazing 
conclusion that the uranium atom undergoes cleavage 
or fission when subjected to neutrons, resulting in 
radioactive products approximately midway in the 
periodic table. It was N. Bohr who first suggested on 
theoretical grounds that it is the rare uranium isotope, 
U?*, which undergoes fission by slow neutrons. 

Soon after, it was shown by H. von Halban, F. Joliot, 
and L. Kowarski and by L. Szilard and W. H. Zinn that 
secondary neutrons are emitted during or immediately 
after the fission of uranium. In principle, the second- 
ary neutrons could themselves produce still more 
fissions and the possibility of the occurrence of a nuclear 
chain reaction was immediately recognized. The 
energy release of such a chain reaction would be im- 
mense because of the large amount of energy produced 
in each fisssion. As we all know, the attainment of the 
self-sustaining nuclear chain reaction with pure natural 
uranium, constructed in a lattice arrangement with a 
material such as graphite, has been successful. Such 
“piles,” as they are called, are neutron factories of tre- 
mendous intensity. 

Going back to May, 1940, the year after the discovery 
of fission, E. M. McMillan and P. H. Abelson, pursuing 
the problem of the transuranium elements again, an- 
nounced the discovery of element 93. They were able 
to show by means of chemical work that, along with the 
fission products, there arose from the neutron irradi- 
ation of uranium a radioactivity of 2.3-day half-life due 
to the isotope 93?*° which is the decay product of the 
U*®» formed by radiative neutron capture in U**®. 


U8 tn U4 7 
B- p= 

U239 > Np? > 

23 min. 2.3 days 





This, then, was the first actual identification of a trans- 
uranium element. Later in the same year, G. T. Sea- 
borg, E. M. McMillan, A. C. Wahl, and J. W. Kennedy 
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discovered the next transuranium element, element 94, 
as a result of the bombardment of uranium with deu- 
terons. E. M. McMillan had suggested the name 
neptunium for element 93 since Neptune is the planet 
beyond Uranus, the planet for which uranium wasnamed. 
Following the same convention, plutonium was sug- 
gested for element 94. As will be pointed out presently, 
the fission reaction, which was discovered as a result of 
the search for transuranium elements, became the means 
by which macroscopic quantities of both plutonium and 
neptunium were produced. Uranium also served as the 
starting material for the cyclotron production of ele- 
ment 95 while plutonium formed in the chain reacting 
pile became the starting material from which cyclotron 
irradiation resulted in the discovery of element 96. 
Finally, the sum total of the large amount of chemical 
work done on the four transuranium elements, as well 
as those just below uranium, has led to the viewpoint 
that actinium, is the prototype of a transition series of 
elements, as lanthanum is for the rare earth group. 


NEPTUNIUM 


Returning to the work of E. M. McMillan and P. H. 
Abelson on neptunium, their experiments on the tracer 
scale of investigation showed that element 93 has at 
least two oxidation states analogous to the VI and IV 
states of uranium. They found that a more powerful 
oxidizing agent is required to oxidize neptunium from 
its lower to its upper state than is the case for the cor- 
responding reaction with uranium. The similarity of 
neptunium to uranium, its neighbor, rather than to 
rhenium, the element thought previously to be its homo- 
log in the periodic table, was the first experimental evi- 
dence that the 4f electron shell is that being filled in the 
heavy element region. 

While a great deal can be learned from studies using 
tracer quantities, there are many properties of an ele- 
ment which can only be determined satisfactorily at 
macro-concentrations or with visible amounts of iso- 
lated compounds. The use of an element having no 
stable isotopes for studies of this kind depends upon the 
existence of a long-lived isotope and the means for pro- 
ducing that isotope in quantity. An isotope of nep- 
tunium which fulfills these requirements is the 2.25 X 
10%-year alpha-emitter, Np?*’, discovered by A. C. Wahl 
and G. T. Seaborg early in 1942 as a result of the bom- 
bardment of uranium with fast neutrons in the Berkeley 
60-inch cyclotron. The primary product was the pre- 
viously known 6.9-day U**” which, through its decay, 
produced the long-lived Np?*’. The nuclear reactions 
are: 

U28 + n —> U2" + 2n 


U237 . a Np? 
6.9 days 


In the nuclear chain reactors a small fraction of the 
neutrons have sufficient energy to produce the 2, 2n 
reaction, and in this manner Np?*’ is formed in the ura- 
nium along with considerably larger amounts of Pu?®. 
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Through a modification of the chemical process for 
separating plutonium it was found possible to remove 
the small amount of neptunium which is present. Sev- 
eral special runs of this kind have been made in the Han- 
ford, Washington, plant resulting in the recovery of sev- 
eral hundred milligrams of neptunium. With this mate- 
rial it has been possible to obtain a thorough knowledge 
of neptunium chemistry. With respect to its valency, 
the oxidation states VI, V, IV, and III have been identi- 
fied and studied. It will be recognized that uranium 
also possesses these oxidation states. In the case of nep- 
tunium, however, there is a shift in the stability toward 
the lower oxidation states. In all respects, the chemis- 
try of neptunium differs from that of rhenium, making 
it certain that these elements are not homologs in the 
periodic system. 

It is of interest to note that Np**’ is the longest-lived 
synthetic isotope that is definitely known. The spe- 
cific alpha radioactivity is only about 1000 times greater 
than that of uranium, which means that milligram quan- 
tities can be handled with comparative safety using 
little more than the usual precautions for toxic sub- 
stances. As will be pointed out, work with the other 
transuranium elements grows in difficulty with succeed- 
ing elements as macroscopic quantities are intensely 
radioactive. 


PLUTONIUM 


Element 94, the second of the transuranium elements, 
was also second in order of discovery. This element, 
named plutonium, was first prepared and recognized 
late in 1940 by G. T. Seaborg, E. M. McMillan, A. C. 
Wahl, and J. W. Kennedy. The isotope which they 
prepared by cyclotron bombardment of uranium was 
later proved to be of mass number 238 and the half-life 
of this alpha-emitter was estimated to be about 50 
years. The discovery was made by first identifying 
and separating a new beta-emitting neptunium isotope 
of 2.0-day half-life. Upon decay of this neptunium, 
alpha-particles began to appear and these could be sepa- 
rated into a chemical fraction correctly interpreted as 
that of element 94, plutonium. 


U238 + ,H? — Nps + 2n 


Np? ee Pu2% 
2.0 day 


In the same irradiation Pu*® was also produced, but be- 
cause of the five hundredfold longer half-life the alpha- 
particles were not discernible. 

The earliest work with tracer quantities of Pu* 
demonstrated that this element, like neptunium, pos- 
sesses multiple oxidation states with properties like the 
corresponding states of neptunium. Here again, it was 
recognized that the periodic system was being extended 
with elements representing a transition series consider- 
ably different than that which would place the series 
U-Np-Pu, etc., as homologs of W-Re-Os, ete. As will 
be pointed out below, the heavy element transition 
series bears much closer analogy to the rare earths. 
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When larger amounts of plutonium became available it 
became possible to show that plutonium has the oxida- 
tion states VI, V, IV, and ITI, like neptunium and ura- 
nium, but that the trend toward stability of the lower 
oxidation states noted for neptunium is further accentu- 
ated in the case of plutonium. 

The isotope Pu? with 24,000-year half-life is that 
which is produced in the nuclear chain reactors in large 
quantities. This isotope is of great importance because 
it can be made in quantity and because, like U**, it 
undergoes fission with slow neutrons. From this prop- 
erty it can itself support a nuclear chain reaction either 
as a power plant ora bomb. The fissionability of Pu* 
was discovered by J. W. Kennedy, G. T. Seaborg, E. 
Segré, and A. C. Wahl who first prepared submicrogram 
quantities by the neutron irradiation of uranium with 
the Berkeley cyclotron. 

Early in 1942, groups and individuals working at 
several universities on the plutonium problem were 
brought together at the University of Chicago for the 
purpose of consolidating their efforts toward the actual 
production of plutonium. The two principal problems 
involved proceeded in parallel: (1) the design of a chain 
reacting structure to produce plutonium, and (2) the 
design of a chemical process for separating the pluto- 
nium from the uranium and fission products. By mak- 
ing use of tracer techniques with cyclotron-produced 
Pu** it was possible to deduce a considerable amount 
about the chemical properties of plutonium and to de- 
vise eertain separation processes that could conceivably 
work, as well as to eliminate other approaches from fur- 
ther consideration. Then began the arduous task of 
developing in detail what turned out to be a long and 
complex series of chemical reactions, and to conform 
them to the limitations of plant operation. The most 
worrisome feature of this method of, development was 
that the inferences based on the tracer scale of operation 
might be misleading, and that when the concentra- 
tions of plutonium anticipated for the Hanford plant 
were encountered the process might fail. In addition, it 
would be necessary to finally isolate the plutonium free 
of carrier materials, and the problem of devising this 
part of the process could obviously not be treated at all 
on the tracer scale. With these and other important 
considerations in mind, the unprecedented task of pre- 
paring visible amounts of a new element with the cyclo- 
tron was undertaken. Since it was realized that, at 
best, only a few micrograms of plutonium could be pre- 
pared in this fashion, it was necessary at the same time 
to develop the ultramicrochemical techniques in order 
to work with this amount of material at conventional 
concentrations. As the culmination of a series of in- 
tense cyclotron bombardments of large amounts of 
uranium there was produced, over a period of a year, 
about one milligram of plutonium. A number of chem- 
ists in the laboratory concentrated the plutonium by 
laborious means and finally on August 18, 1942, B. B. 
Cunningham and L. B. Werner at the Metallurgical 
Laboratory in Chicago isolated in free state a pure com- 
pound of plutonium. This was the first isolation of an. 
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artificially produced element and indeed the first isola- 
tion of a weighable amount of any artificial isotope. 

Using this plutonium and later batches made in the 
same way, it was possible to check all of the crucial 
points of the separation process under production plant 
concentrations and to make changes where necessary. 
The scale of operation in order to achieve the high con- 
centrations was extremely small—that is, much of the 
early work was done on the microliter scale using me- 
chanical manipulators under the microscope. 

The availability of the relatively large amounts of 
plutonium from the chain-reacting uranium piles has 
made it possible to make a complete investigation of its 
chemical properties, using methods which can be con- 
sidered to be those of ordinary chemistry except for the 
health precautions which are necessary. A large num- 
ber of compounds of plutonium have been prepared and 
their properties determined. It may be said that the 
chemistry of plutonium today is as well or better under- 
stood than is that of most of the elements in the periodic 
system, even though its chemistry is very complex, as 
can be judged by the multiple oxidation states. In fact 
all of the four oxidation states can coexist at equilibrium 
in solution and in appreciable concentrations. Much of 
the complex oxidation-state equilibrium was worked out 
by R. E. Connick and coworkers, working with W. M. 
Latimer at the University of California. 


AMERICIUM 


The discovery of americium, element 95, presents an 
interesting study in that it, like Pu?*8, was obtained by 
first producing its radioactive parent, but in the case of 
americium the parent could not be detected. Working 
at the Metallurgical Laboratory of the University of 
Chicago, G. T. Seaborg, R. A. James, and L. O. Morgan 
obtained the isotope Am?*! from a sample of uranium 
which had been bombarded with high energy helium 
ions (alpha-particles) with the Berkeley cyclotron. 
The nuclear reaction between helium and uranium can 
form isotopes of plutonium directly, and among these 
should be the isotope Pu?!. It was predicted that 
Pu**! might decay by beta-emission, the product of 
which would be Am**!. By deducing further what the 
chemical properties of this new element might be, a pos- 
sible means of separating it from plutonium could be 
devised. Although the beta-particles of Pu?*! were not 
detectable, presumably because of low energy, an alpha- 
emitter which was identified as an isotope of element 95 
did grow into the plutonium fraction as predicted. The 
means of production which was deduced is: 


U?8 + Het. Pu! + n 


Pu?4!t ————————=)> Am?41 
long 


Considerably larger quantities of Am?! were subse- 
quently made and the half-life was estimated as 500 
years. With this americium it became possible to study 
its chemistry further. It was found that americium has 
a very stable trivalent state which resists oxidation to 
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higher states, at least under the conditions in which 
uranium, neptunium and plutonium can be oxidized. 
This behavior along with the more gradual stabilization 
of the trivalent states of the earlier heavy elements led* 
Seaborg to suggest the “‘actinide hypothesis” in which 
actinium, element 89, is the prototype of a transition 
series of elements analogous to the position of lantha- 
num with respect to the rare earth elements. 

The deductions of chemical properties made on the 
tracer scale have been confirmed and extended as the 
result of the isolation of minute amounts of americium 
by B. B. Cunningham. The work with macro-coneen- 
trations of americium by Cunningham, Werner, and 
others has shown convincingly that the stable state of 
americium in solution is much like that of actinium and 
the trivalent rare earths. 

Because of the relatively short half-life of Am?*! (500 
years), the work with visible amounts involves exposure 
to great quantities of alpha-activity. The specific 
alpha-activity is about seven billion alpha disintegra- 
tions per minute per milligram. 


CURIUM 


An important element in the actinide hypothesis for 
the heavy elements is curium, element 96. It would be 


predicted that curium, as the seventh member in the 
actinide series, would arrive at a very stable configura- 
tion with a completed half-shell of seven f electrons an- 
alogous to gadolinium in the rare earth series. 


On this 
basis it would be expected that curium would possess the 
trivalent oxidation state exclusively, that, like gadolin- 
ium, it would not absorb light in the visible region, and 
that, in general, it would be very much like actinium 
and the exclusively trivalent rare earths. 

Curium was actually the third of the transuranium 
elements to be discovered. From the irradiation of 
Pu?%® with helium ions in the cyclotron, G. T. Seaborg, 
R. A. James, and:A. Ghiorso were able to identify the 
isotope Cm*4? formed as follows: 


Pu? + Het —> Cm?@ + n 


Cm**? is an alpha-emitter with a half-life of about five 
months, 

With this isotope available it became possible to study 
the chemistry of curium on the tracer scale. Exten- 
sive investigations by 8. G. Thompson, L. O. Morgan, 
R. A. James, and I. Perlman confirmed. the exclusively 
trivalent nature of curium in aqueous solution. It is 
carried by rare earth fluorides in precipitation reactions 
and cannot be oxidized or reduced to states which are 
not precipitable. 

The isotope Cm? can be made in another way than 
that mentioned, namely by the neutron irradiation of 
the 500-year Am**. The nuclear reactions are: 


Am*4! + n — Am?42 + y 


Am*? ————» Cm*? 
18 hr. 


Some time ago a small amount of Am**! was placed in a 
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high neutron flux pile for an intense neutron irradiation. 
A part of the Am**! was transmuted to Cm?*? and by 
means of ultramicrochemical techniques Werner and 
Perlman were able to isolate curium as a relatively pure 
compound. 

The curium was separated from untransmuted ameri- 
cium by the newly developed methods of adsorption 
with ion-exchange resins. The adaptation of column 
adsorption to separations of this nature was largely a de- 
velopment of groups working at the University of 
Chicago, Clinton Laboratories in Oak Ridge, and at 
Iowa State College. The difficulty of separating ameri- 
cium and curium is comparable to that of separating 
neighboring rare earth elements, but this was accom- 
plished with good yield using a resin furnished by the 
Dow Chemical Company. 

With this minute amount of curium in solution it was 
possible to obtain the absorption spectrum using micro- 
adaptors on the spectrophotometer. As mentioned, the 
spectrum is of great interest in regard to the actinide 
hypothesis for the heavy elements since, according to 
this theory, curium, like gadolinium, would not be ex- 
pected to absorb light in the visible spectrum. Through 
analogy with gadolinium, one would expect to find 
little or no absorption here, presumably because of 
the stability associated with the closed half-shell of 
seven f electrons. This prediction has been amply 
verified with this sample of curium, which showed 
strong absorption in the ultraviolet region but none 
from about 4500 to 11,000 A. 

Other work with pure curium on the ultramicrochemi- 
cal scale gives ample proof for its trivalent nature de- 
duced from tracer experiments. 

The isolation of curium presented great difficulties 
not only because of the very minute amount available 
but also because the isotope formed has a half-life of 
only 5 months and therefore is intensely alpha-active. 
One microgram of Cm? gives off 7 billion alpha disin- 
tegrations per minute and converts itself to Pu*® at the 
rate of about 0.5% per day. It must be worked with 
entirely in an enclosed system as the health hazard 
would be prohibitive for any other type of handling. 
The water decomposition from the intense alpha activ- 
ity results in constant gas evolution,s which makes it 
most difficult to separate precipitates by centrifugation. 

Neptunium and plutonium were named for the 
planets which lie beyond Uranus, the planet for which 
uranium was named. Since this convention becomes 
exhausted with plutonium another was adopted for 
elements 95 and 96. Names for these elements were 
drawn from analogy with rare earth elements according 
to their corresponding positions in the actinide and lan- 
thanide transition series, respectively. Since the sixth 
element beyond lanthanum is called europium, the 
sixth actinide element was named americium after the 
Americas. The seventh rare earth element is gado- 
linium named for Gadolin who did such notable work on 
the rare earths. Element 96 was, by analogy, named 
curium after Pierre and Marie Curie, the pioneers in the 
field of radioactivity. 





OXIDATION NUMBERS AND VALENCE 


In tHE course of a discussion of various aspects of 
valence, a question was raised concerning the signifi- 
cance of the so-called “valence numbers” which are fre- 
quently employed in.the balancing of oxidation-reduc- 
tion equations. The ‘‘valence number”’ often coincides 
with the recognized valence of the element in the given 
compound, eé. g., 7 for Mn in KMnO,, 6 for S in H2SO,, 
3 for N in NHs, etc., but there are many instances in 
which this is not the case. The N atom in N2O; and in 
HNO,, for example, has a “‘valence number” of +5, but 
according to the usually accepted electronic theory of 
valence it can form only four covalent bonds. In the 
NH,* ion, on the other hand, in which the N atom also 
has four covalent bonds, the ‘‘valence number” is —3. 
Carbon is another element for which there is no corre- 
lation between the “‘valence number” and the number 
of bonds. The ‘“‘valence numbers” of C in oxalic acid, 
formic acid, and formaldehyde are +3, +2, and 0, re- 
spectively, yet there is no question concerning the quad- 
rivalence of carbon in these compounds. Other in- 
stances of the same kind could be quoted, but the fore- 
going are sufficient to illustrate the general nature of 
the problem. 

The difficulty might be resolved, as is indicated in 
some texts, by stating that the ‘‘valence number”’ is 
equivalent to the valence the element under considera- 
tion would have if all the bonds in the given compound 
were purely ionic (electrovalent) in character. The 
fact remains, however, that many of the bonds present 
in substances taking part in oxidation-reduction reac- 
tions are definitely not ionic. 

It cannot be denied that “valence numbers” are use- 
ful in many respects and that they lead to correct re- 
sults when properly employed to balance equations, 
but in the mind of the inquiring student the question of 
their physical or chemical significance must inevitably 
arise. Some authors have appreciated the situation 
and have referred to “apparent valence numbers,” but 
even this qualified expression has its dangers. In view 
of the possible misleading association, it is suggested 
that the use of the word ‘valence’ in this connection be 
avoided, and that the term ‘oxidation number,”’ which 
is employed in some texts, be universally adopted. 
This name has the advantage of being in agreement with 
the fundamental principle underlying the evaluation of 
these numbers, as will be seen shortly, as well as with 
their application in oxidation-reduction equations. 

The oxidation number of a particular element in a 
given compound, as usually determined, actually repre- 
sents the number of electrons (or negative charges) that 
would be necessary to restore an atom of that element to 
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its neutral state after converting all the other elements 
into their respective ions. The number is positive when 
electrons would have to be supplied, e. g., +7 for Mn in 
KMn0O,, and negative when they would have to be re- 
moved, e. g.. —3 for N in NHsg, to leave the specified 
atom without charge. It can be readily shown that this 
interpretation of the oxidation number agrees with the 
usual assignments, and also with such apparently un- 
usual cases as that of oxygen, to which the values of —2, 
—1, and 0 are ascribed in HO, H2Oc, and Oz, respec- 
tively. In H,O, for example, the formation of two 
(positive) hydrogen ions would leave the O atom with 
an excess of two electrons, and hence —2 electrons 
would be “required” to restore it to the neutral state. 
In H,O2, the —2 electrons are shared between two 0 
atoms, so that each atom requires —1. The O2 mole- 
cule, on the other hand, is made up of two neutral atoms, 
and no electrons need to be added or removed; the oxi- 
dation number of the O atom is consequently zero. 

It will thus be apparent that the oxidation number 
provides an indication of the “electron demand”’ of a 
given element, in a particular molecule or ion, in terms 
of a consistent basis of reference. Since oxidation capac- 
ity may be regarded as the ability to accept electrons, 
the name “oxidation number’”’ would appear to be justi- 
fied. It may be pointed out that the basis of reference 
conventionally employed is not the only one possible, 
but it has the advantage of yielding oxidation numbers 
that are frequently, although not always, in agreement 
with the valence of the element as commonly defined 
by the ratio of the atomic weight to the equivalent 
weight. As used here and subsequently the equivalent 
weight refers to the weight of the element which com- 
bines with or replaces a gram atom of hydrogen, one- 
half gram atom of oxygen, etc. 

Another aspect of the matter under consideration is 
the relationship of the valence of the element, as just 
defined, and the number of valence bonds it exercises in 
a given compound. It is often tacitly accepted, in ac- 
cordance with historical precedent, that these numbers 
are the same, but this is by no means always the case. 
Reference may be made, once again, to N2O; and HNO;. 
The valence, 7. e., the atomic weight divided by the 
equivalent weight, of N in the former, and presumably 
in the latter, is 5, but it seems that the N atom forms no 
more than four valence bonds in these, or any other, 
compounds. In the related phosphorus compounds, 
however, 7. ¢., PxO; and HPO;, the P atom probably 
forms five bonds. Nevertheless, with other derivatives 
of this element complications arise, for X-ray diffraction 
studies indicate that in the solid state PCl; has the 
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structure [PCl,]+[PCl.]-, so that one P atom is bonded 
to four and the other to six Cl atoms. Solid PBr;, on 
the other hand, appears to have the structure |PBr,]+- 
Br-, making it similar to a phosphonium compound in 
which the central atom is quadricovalent. Inciden- 
tally, in the vapor state the P atoms in both of these 
pentahalides are probably attached to five halogen 
atoms. In HO the equivalent weight of oxygen, as 
defined above, is equal to its atomic weight, so that the 
valence, like the oxidation number, is unity, yet each O 
atom possesses two valence bonds. Similar considera- 
tions apply to Hg in mercurous chloride (Hg2Cl.). 
The structures of the silicates are based on a unit con- 
sisting of an Si atom attached by single linkages to four 
0 atoms, in agreement with the value of 4 for the va- 
lence of silicon. It is of interest to note, however, that 
aluminum, in spite of its valence of 3, often replaces sili- 
con in minerals, each Al atom being connected to four O 
atoms. By including coordination compounds, further 
discrepancies between the valence and the number of 
bonds become apparent. 

It may be mentioned that some writers have sug- 
gested—it must be admitted not without good reason— 
that the concept of definite bonds or linkages joining 
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particular atoms is a convenient fiction, for all the 
atoms in the molecule as a whole are held together by 
electrical forces. Even if this view is ultimately 
adopted, as it may well be, and the idea of specific atom 
linkages is discarded, the number of immediate neigh- 
bors of a given atom, which is equivalent to the number 
of bonds, will still have significance. This number, no 
matter what it is called, will consequently still differ 
from the valence in certain instances. 

The conclusion to be drawn from the arguments pre- 
sented here is that there are three distinct properties of 
a particular element in a specified compound: (1) the 
oxidation number, often misnamed the ‘“‘valence num- 
ber”; (2) the valence, 7. e., the ratio of the atomic 
weight to the conventional equivalent weight in terms 
of combination with or replacement of hydrogen or 
oxygen; and (3) the number of bonds. In general, al- 
though not always, the oxidation number is the same as 
the valence; the number of bonds is sometimes the 
same but frequently different. _These points should be 
made clear to the student at the outset if he is to be 
saved from the inevitable confusion which will arise 
when he delves more deeply into the problems of va- . 
lence and molecular structure. 


HANS EDUARD FIERZ-DAVID 


Aone the present-day workers who have devoted 
themselves particularly to dye chemistry none is better 
known on both sides of the Atlantic than H. E. Fierz- 
David. The family records of this Swiss chemist and 
teacher go back to 1360 and apparently none of his 
forefathers ever studied at any university. He was 
born at Zurich on January 5, 1882, and after graduating 
as technical chemist there in 1904 he went to London 
to continue his training. At the Royal College of 
Science (now Imperial College of Science and Tech- 
nology) he worked with Martin O. Forster and they 
published several joint papers on organic topics. 
Fierz next went to the Mond Nickel Company in 
South Wales and several articles and patents are per- 
manent records of his short stay with this organization. 
After a year in the brewing industry at Munich, he 
transferred to Geigy and Company at Basel. Here he 
was in charge of the manufacture of many intermediates 
and finished dyes and these years laid the foundation of 
his reputation in this field. He expected to remain an 
industrial chemist and had little or no desire to enter 
into pure science. Nevertheless, he accepted a call to 
the chair of organic technology at the Eidgenéssische 
Technische Hochschule in Zurich and has been a 
valued member of its faculty since 1917. The list of 
his publications is imposing. Besides many papers on 
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dyes, textile fibers, and organic subjects, he is the 
author of books which in the original German or trans- 
lations have made his name familiar in many countries. 
These, among others, include: ‘‘Grundlegende Op- 
erationen der Farbenchemie,”’ 7th edition, 1947; 
“Kiinstliche Organische Farbstoffe” (1925—supplement 
1935); “Die Entwicklungsgeschichte der Chemie,” 
1947; ‘‘Abriss der Chemischen Technologie der Textil- 
fasern,” 1948. He edited the dyestuff section of vol- 
umes 14-35 (1926-1939) of Friedlander’s ‘Fort- 
schritte der Teerfarbenindustrie und verwandter In- 
dustriezweige.” Volume VI of Allen’s Commercial 
Organic Analysis (1928) contains his lengthv articles: 
“Dyes and Colouring Matters” and “Analysis of 
Colouring Matters.” 

Dr. Fierz-David feels strongly that chemists must 
not occupy themselves solely with chemistry; a hobby 
is essential to real happiness. He formerly was an 
active mountaineer, but now has substituted the study 
of C. G. Jung’s psychology as his means of relaxation. 
He feels, in contradistinction to most of his colleagues, 
that science does not necessarily promote human happi- 
ness. His best product, he believes, consists of the 
140 doctorate candidates who worked under his guid- 
ance. Many of them now occupy important positions, 
including some in America. 





THE TESTING PROGRAM OF THE DIVISION 
OF CHEMICAL EDUCATION OF THE AMERICAN 
CHEMICAL SOCIETY’ 


INTRODUCTION 


A very significant contribution to the field of the 
teaching of chemistry has been the development of 
objective type tests by the Committee on Examina- 
tions and Tests of the Division of Chemical Education 
of the American Chemical Society with the support 
and cooperation of the Cooperative Test Service® of the 
- American Council on Education. This year marks 
the 15th year in which the Committee has given its 
attention to the construction of valid and reliable test- 
ing devices for college courses in chemistry in an effort 
to improve the quality of chemistry teaching in our 
colleges and universities. The realization that a good 
test for a particular chemistry course could have a 
tremendous effect on the development of the art of 
teaching culminated in the work of this committee. 
This effect might be likened to the influence of the 
balance in the development of the science of chem- 
istry or to the thermometer in that of medicine. Many 
experiments have shown that subjective and essay 
type examinations are not very reliable since. two dif- 
ferent instructors even in the same department may 
assign very different grades to the same paper. On 
the other hand, it is to be emphasized that a testing 
program which includes only objective type tests is not 
a complete, ideal program. There is no substitute for 
the teacher’s judgment based on intimate knowledge 
of the achievement of a student. Therefore, the Com- 
mittee does not recommend a testing program which in- 
cludes only objective type examinations. However, in 
these. days of crowded classrooms and laboratories, 
with large classes and small teaching staffs, the objec- 





1 Reported to the Division of Chemical Education at the 112th 
meeting of the American Chemical Society, in New York, Sep- 
tember 18, 1947. . 

2 The following members of the Committee on Examinations 
and Tests participated in this report: C. E. Ronneberg, Deni- 
son University; R. D. Reed, New Jersey State Teachers Col- 
lege; R. L. Van Peursem, Rochester Institute of Technology; 
O. C. Dermer, Oklahoma A and M College; D. A. Dreisbach, 
Western Reserve University; G. H. Pritham, Pennsylvania State 
College; I. Sunshine, New Jersey State Teachers College; W. 
J. L. Wallace, West Virginia State College, and O. M. Smith, 
Oklahoma A and M College. 

3 Recently incorporated in the Educational Testing Service. 
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tive type examination has definite advantages over 
the essay type, for when properly constructed it pro- 
vides quick, reliable, comprehensive, accurate measure- 
ments, and is free of most of the subjective limitations 
of the instructors for estimating achievement in 
courses. 


THE TESTING PROGRAM OF THE ACS 


The Committee on Examinations and Tests began its 
work very properly with the usual first course in college 
chemistry which is designated in college catalogs as 
General Chemistry, College Chemistry or Inorganic 
Chemistry. For a number of years attention was 
given to the construction of examinations in this field 
alone. The magnitude of the response and the interest 
as evidenced by an ever-widening group of workers 
and users stimulated interest in others areas. This 
interest led to the construction of tests in Qualitative 
Analysis, Quantitative Analysis, Organic Chemistry, 
Physical Chemistry and Biochemistry. Another group 
of chemistry teachers is now at work on the construc- 
tion of unit tests in general chemistry. The tests in 
each field are prepared by a subcommittee consisting 
of interested teachers of that particular subject. Since 
1940, the General Chemistry, the Qualitative Analy- 
sis, and the Quantitative Analysis subcommittees have 
each prepared four forms. A new form for each of 
these fields will be published this spring. Since 1941, 
the Organic Test Subcommittee has constructed five 
tests with a new form to be published in 1949. The 
Physical Chemistry Subcommittee has prepared two 
examinations, only one of which is now available for 
civilian use. The Biochemistry Subcommittee has 
prepared a single test which is the only form now avail- 
able in this field. However, plans are being made to 
publish another examination in 1949 or 1950. Thus 
the testing program includes all six of these funda- 
mental fields in the chemistry curriculum.‘ 


COOPERATIVE PRODUCTS OF THE TEACHING 
PROFESSION 


It is important to note that these tests have been pre- 





‘A more detailed description of these tests may be obtained 
from the Educational Testing Service, 15 Amsterdam Avenue, 
New York City 23. 
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pared through the joint efforts of a number of institu- 
tions and teachers. Table 1 gives the number of 
teachers and institutions collaborating in the construc- 
tion of the latest form of each test available in Septem- 
ber, 1947. 





“a TABLE 1 

Number of Teachers and Institutions Collaborating in 

Construction of Latest Form of Each Test Available 
September, 1947 


No. o No. of 
Teachers Institutions 





Test 


General (Form 1946) 
Qualitative Analysis (Form T) 
Quantitative Analysis (Form U) 
Organic (Form W 

Biochemistry (Form X) 
Physical (Form W) 








These persons have submitted items for inclusion in 
the tests voluntarily and when called upon to do so; 
they have given generously of their time to examine 
critically proposed items and trial forms, and have 
seen to it that their opinions have reached the chair- 
men of the committees at the proper time; they have 
participated in the program for validating items; they 
have attended and participated in meetings of the sub- 
committees; and, finally, they have used these tests in 
their classes. Institutions both large and small, repre- 


senting schools from all over the nation, have par- 
ticipated through members of their departments of 


chemistry. The teachers participating in the program 
are well-known and respected leaders in their particu- 
lar fields, with many years of experience in teaching. 
It is to be noted that many more individuals have con- 
tributed to previous editions of the tests and numerous 
users have sent in suggestions for improvement. 


TESTS HAVE BENEFIT OF EXPERT TECHNICAL 
ADVICE 


The Cooperative Test Service has placed at the dis- 
posal of these workers its technical and advisory serv- 
ices and facilities. The Director and members of the 
staff have furnished information on planning, organiza- 
tion, and construction of objective type tests. The 
tryout forms have been scored, the data organized and 
made available to the Committee so that each test 
would be as effective as possible in achieving the desired 
results and would meet with the approval of a large 
number of teachers of chemistry as evidenced by pur- 
chase and actual use. Many of the members of the 
Committee on Examinations and Tests and collabo- 
rators are well informed in the statistical principles 
applicable in test construction and use, and it has al- 
ready been mentioned that outstanding leaders in the 
fields of Inorganic, Qualitative Analysis, Quantitative 
Analysis, Organic, Physical, and Biochemistry have 
been interested in these examinations and have co- 
operated and assisted in their construction. Thus there 
is every reason to expect that these tests possess tech- 
nical excellence. 


HOW TESTS ARE CONSTRUCTED 


Each subcommittee preliminary to the work of con- 
structing a test makes at least one survey in an effort 
to determine whether or not such a test is needed and 


- desired, to ascertain the aims and objectives of the 


course in chemistry, and to obtain necessary informa- 
tion upon which to base the test. Information needed 
includes: 


(1) The Objectives of students taking the particular course 
(2) «Prerequisites of the course 

(3) Textbooks used 

(4) Time devoted to class work 

(5) Time devoted to laboratory work 

(6) Subject matter to be included 

(7) Relative emphasis on each phase of the course 

(8) Sample examinations 


The task of each subcommittee is first to state the 
objectives as clearly as possible and, second, to deter- 
mine what materials are considered to be fundamental 
by the teachers. The results of some of these surveys 
have been published (/-3). In addition, interested 
persons are requested to send in items for possible use. 
In all instances the responses have been generous. 

Using the results of the survey and the sets of ques- 
tions sent in by teachers from a number of institutions, 
each subcommittee sets to work to construct a test. 
Usually more than enough items for a test are pre- 
pared and selected by the subcommittee. These 
items are submitted to a group of teachers for criticism. 
These criticisms are studied and, as a result; items are 
either judged to be acceptable, discarded, or modified. 
From the items that are deemed satisfactory, a trial 
test is prepared. This test is administered by the co- 
operating schools, and the papers returned to the Test- 
ing Service for scoring and analysis. The difficulty and 
validity of each test item is determined. This leads to 
another culling process. Some items can be saved by 
modification. Finally, the test emerges in its com- 
pleted form. 

Much of the work of culling, rewriting, and accepting 
possible answers is done at fhe semiannual meetings of 
the A.C.S. On these occasions a group of interested 
persons gathers one or two days before the scheduled 
beginning of the convention under the;direction of the 
Committee on Examinations and Tests of the Division 
of Chemical Education. The general problems affect- 
ing the testing program are discussed and then the 
group breaks up into the subcommittees, each under 
the direction of its chairman, to work on specific tests. 
Often each of these subcommittees is broken up into 
still smaller groups to prepare and edit items on some 
particular phase of the examination. 


STANDARDIZATION OF TESTS; NATIONAL NORMS 


The responsibility of the Committee does not end 
with the publication of the tests. The thousands of 
answer sheets that are returned to the Testing Service 
after administration of the tests provide the material 
for analysis and standardization. Under the direction 
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of some member of the Committee competent in sta- 
tistics, the facilities of the Testing Service are used to 
yield national norms and other statistical data, which 
are useful in interpreting the scores. Several types of 


norms are calculated which provide the instructor . 


with the basis for comparing his students with the 
students of the nation as a whole, with those in schools 
similar to his own, and with students in other sections 
of the course in his own school. These norms are 
available to all users through the Testing Service and 
are often published in the JouRNAL oF CHEMICAL 
EpucaTIon (4-10). 


HOW THE TESTS ARE USED 


Although properly constructed objective type ex- 
aminations provide reliable, accurate, quick, and com- 
prehensive measuring instruments, they are subject to 
limitations. Replies from teachers of chemistry who 
have answered questionnaires from the various sub- 
committees indicate that the essay type examination 
must be used to measure the ability of a student to 
organize material. It is obvious that laboratory 
success must be measured in large part in terms of 
the results secured by the student in preparations, in 
analyses, and other types of laboratory experiments. 
It is clear then that the objective type examination 
might be used to supplement, not replace, the other 
types of examinations. Specifically, the tests prepared 
by the Committee may be used to: 


(1) Measure at the end of the semester or year student 
achievement in the various courses 

(2) Augment the teacher’s estimate in assigning grades 

(3) Compare achievement of one section with that of another 

(4) Compare results obtained by different teachers of the 
same courses 

(5) Compare student achievement in one school with that 
in other schools since national norms are available for 


most of the tests 
(6) Find out what has been taught successfully and what 
unsuccessfully 
(7) Discover gaps in teaching 
(8) Maintain and improve standards 
(9) Call attention to objectives 
(10) Evaluate the work of transfer students 
(11) Aid in the selection of graduate students 
(12) Aid in giving proper advice to students who wish to enter 
a particular curriculum 


In addition to these uses the tests have proved to 
possess other values. Benefits have accrued to those 
who have helped in their construction through the 
necessity for continuous reéxamination of the aims and 
objectives of courses, subject matter to be included, 
and through contact with fellow teachers with the re- 
sultant exchange of views. Thoughtful discussions 
have led to research projects and new developments. 


STUDIES CONDUCTED BY SUBCOMMITTEES 


The work of the various subcommittees has not been 
limited merely to the preparation of tests. Related 
problems have been studied from time to time. For 
example, the quantitative analysis group has studied 
the relative merits of four types of test items shown: 
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(1) Free response 

(2) Multiple choice with five responses, one of which is the 
correct response 

(3) Multiple choice with four numeral responses and a fifth 
response which reads “correct answer not given” 

(4) Multiple choice with five responses, where each response 
is a mathematical set up, the solution of one of which 
would give the correct answer to the problem 


The results seem to indicate that Type 2 is the best 
of these forms. 

The Organic Chemistry Subcommittee and the Quali- 
tative Analysis Subcommittee. have attempted to 
determine the place of the objective type test in an 
examination program. These and other investigations 
have resulted in the list of uses of the tests given above. 

Many other studies are contemplated or are under 
way. One of these is the proposed study of present 
aptitude tests in use by chemistry teachers, with a view 
toward the probable construction of an efficient and 
reliable instrument that can be used with confidence 
in the counseling of students. Such a test may be 
used to aid in the selection of materials for the intro- 
ductory course in general or inorganic chemistry. A 
special committee of the Division of Chemical Educa- 
tion has been appointed to conduct this study. 


UNIT TESTS, ANEW DEVELOPMENT 


In the assembling of test items the General Chem- 
istry Subcommittee found that several schcols were 
using objective type tests in specific related areas. 
This discovery suggested the need for a series of unit 
tests in this field, each devoted to a single topic or to a 
series of related topics. A survey of opinions of teach- 
ers of general chemistry was conducted. This survey 
was conducted under the direction of a new subcom- 
mittee to formulate and construct unit tests that will 
require approximately fifteen minutes to administer 
and that will cover the following topics: 


The chemistry of sulfur and 
nitrogen 

Organic chemistry’ 
Metals 

‘ Chemical equilibrium 
Water softeners 
Oxidation-reduction 
Industrial processes 
Thermochemistry 
Radioactivity 
Colloids 


Fundamental concepts 


Kinetic theory of gases 
Common gases 

Theory of solutions 
Electrochemistry 
Stoichiometry 

Acids, bases, and salts 
The structure of matter 
The halogens 

The alkali metals 


This subcommittee is now at work and solicits the 
active interest of teachers of general chemistry to the 
end that the tests produced will be of the same high 
quality as the other tests in the testing program. 


TESTING PROGRAM OF THE USAFI 


The report of the Committee would be incomplete 
if it did not mention the contribution of the Committee 
to the war effort. The Committee, in cooperation with 
the Examination Staff of the United States Armed 
Forces Institute, in 1943 prepared tests in the fields of 

(Continued on page 290) 
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PROCESS INSTRUMENTATION IN CHEMICAL 
ENGINEERING CURRICULUM | 


Instruments for measurement and control of process 
variables have become of increasing importance in the 
design and maintenance of performance of modern 
chemical, petro-chemical, and petroleum refining plants. 
The idea of what can and cannot be done within prac- 
tical limits of design factors is now closely tied in with 
the degree of automatic control that can be maintained 
on process variables. Unfortunately, many chemical 
engineers, and essentially all young chemical engineer- 
ing graduates, have little or no conception of what 
constitutes the basic principles of process control and 
measurement, what can be done with instruments, and 
the relation with chemical engineering design. Because 
of this lack of knowledge of the basic requirements of 
design for adequate instrument installation, the 
economic and satisfactory operation of many plants is 
handicapped from the start. While the actual speci- 
fication and design of process instrumentation is 
largely left in the hands of the instrument engineering 
specialist, he is often sorely tried to install a satisfactory 
system when little regard has been given to proper 
design and installation of equipment and lines for in- 


. corporating instruments and control equipment. 


First, let us briefly review the general background of 
the instrumentation movement. In the early part of 
the present century, chemical and design engineers 
had little concern for instruments, as only the most 
simple types were at their disposal. Pressure gages, 
thermometers, and manometers were almost the only 
available’ instrument equipment and plants were 
largely operated by cut and try manual valving of 
process fluids. Most processes were run batchwise, 
and instruments merely gave a crude indication of 
process variables at critical points and served as a 
rough guide for hand valve settings. As the quality 
and variety of instruments progressed and control 
mechanisms were developed, progressive industries, 
such as the petroleum refineries, incorporated them 
more and more into their plants as an aid to greater 
efficiency in plant operation and increased quality of 
the product. Processing was changing from batchwise 
to continuous, when possible. As yet, instrumentation 
had no pronounced effect on process and plant design— 
the instruments were being added, where needed, in the 
field. Advancements in process design and instru- 
ments progressed hand in hand in this manner until 
a few years before the last World War. It was then 
that the increasing expansion of chemical process in- 
dustries brought a more widespread acceptance of 
instruments as a major essential equipment item. 


J. B. ARANT 
Stanolind Oil and Gas Company, Tulsa, Oklahoma 


During the war, huge plants for the production of 
aviation gasoline, synthetics, essential chemicals, and 
the atom bomb were successful only because instru- 
ment control made complex processes simple to operate. 
Quality and quantity of productive output were en- 
tirely dependent on automatic control and measure- 
ment. Today, every major process industry finds that 
it must rely heavily on instruments to meet competition 
in quality of product and economy of operation. 
Instruments are becoming more and more an essential 
factor in plant design, for many recent developments 
in chemical and refining processes, such as catalytic 
cracking, would be extremely difficult, if not impossible, 
if critical process variables were not closely controlled. 
This will be equally true in the future when modern elec- 
tronic instruments and advancements in application 
of control and measurement will make possible even 
greater refinements in chemical design and operation. 

Where, then, is the place of the chemical engineer 
in this new field of specialized engineering? The 
general relations that have evolved between chemical 
design and development and process instrumentation 
have been brought out above. The purpose of this 
article is to show some of the basic principles of process 
instrumentation in relation to chemical engineering 
and to point out various factors that definitely show a 
great need for a process instrumentation course in the 
basic chemical engineering curriculum. 

The basis of most process instrumentation lies in a 
thorough understanding of unit operations and their 
applications in chemical processes. The ability to 
study and analyze a process for significant control 
variables and to understand process peculiarities 
will enable an instrument engineer to do a more satis- 
factory job in specifying a control system and specific 
control points. In like manner, the understanding of 
where, how, and when control equipment can be used 
is of great value to the chemical engineer in designing 
his equipment and planning his process flow sheet and 
plant layout. The relationships and problems in- 
volved cannot be stated as simply as this, however. 
They are many and varied. Some of the more essential 
points are listed as follows: 

1. What Are the Process Requirements? The essen- 
tial problems here have to do with what the process is to 
accomplish, what equipment is required, what is the 
sequence of operations, how many units will be needed, 
and how can savings in operation and increased ef- 
ficiency be obtained. While most of these problems 
primarily concern the process engineer, the decisions 
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made will affect and be affected by the requirements for 
control as set forth by the instrument engineer. Often, 
two or more schemes of processing are devised, and 
. mutual study by both engineers will bring to light 
factors that make one of the methods more economical 
than the others by better control and increased effi- 
ciency. Many savings in equipment, cost of process- 
ing, etc., become more readily apparent when viewed in 
this manner. 

2. What Special Problems Are to Be Solved? Ex- 
tremes in temperature and pressure as well as corrosion 
problems are often encountered in any process design. 
These problems, in many cases, directly affect purity of 
product and ability to control critical and essential 
process variables. This will call for knowledge of 
ranges of various pressure and temperature devices 
and corrosion resistant materials. Ways and means of 
special handling of such problems often concern both 
process and instrument engineers. Climatic conditions 
usually have to be considered as a special problem. 
The effect of heat and cold on the process often dictates 
the use of lagging or insulation and control equipment 
will have to be modified accordingly. Likewise, pro- 
tection against freezing must be given the instruments. 

8. What Are the Accuracy Requirements for Control ? 
Time and capacity lags as well as measurement lags in 
the process are often a limiting factor on the degree of 
control that can be maintained on a process. While 


instruments incorporating floating action and rate 


action are available to help minimize these factors, 
the effects usually cannot be entirely eliminated. A 
process demanding a temperature variation of only a 
2°F. span most certainly will not produce the desired 
results if the control installation can do no better than a 
4°F, or 6°F. span. Should the process require ex- 
tremely close control such as above, to produce the 
desired product, then close specification of the control 
installation or some modification of equipment or 
arrangement may have to be resorted to for adequate 
control. Close study by both process and instrument 
engineers is necessary to specifically place the point of 
control measurement. 

4. What Space Is Available? The amount of space 
available will directly affect the arrangement of process 
buildings and equipment together with the location of 
control stations. As pointed out in Item 3, this arrange- 
ment will sometimes have a bearing on the control 
equipment and its ability to function properly. Loca- 
tion of control stations adjacent to sources of vibration 
such as compressors, reciprocating pumps, large centrifu- 
gal pumps or other machinery is poor practice. 
This does not necessarily imply that the control re- 
quirements are the limiting factor on arrangement, 
for compromises are usually made in such situations. 

5. What Are the Operating Variables? Operating 
variables such as feed and reflux rates, pressures, tem- 
peratures, etc., will usually fix the type and quality of 
instruments and controls in each operation. These 
data together with specific gravity, composition of line 
fluids, maximum and minimum flows and other data 
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as required are pertinent information of interest to both 
the process and instrument engineers. Whether a gas 
is wet or dry will dictate placement of orifice plates, for 
instance. 
drate forming characteristics and viscosity are other 


considered. 


6. What Will Happen If Specified Operating Condi- ¥ 
tions Are Not Maintained? If the operating conditions Ff 
necessary to produce a product of desired purity are f} rela 
not maintained, then not only will the product suffer, f 
but possible damage to equipment and upsetting of fF 
High temperatures may burn | 
out furnace tubes and linings and high pressures may | 
rupture equipment and lines, and cause a shutdown for ff 


the process will occur. 


major repairs. An upset in the system may ruin an 
entire run of material unless noted in time for correc- 
tions to be made. A central control system for a con- 
tinuous process is not only good practice but often 
eliminates many operating headaches. All critical 


operating measurements and controls grouped together | 


in one centralized location is the best possible insurance 
for efficient and economic operation. 


are reduced to a minimum. 


peratures and pressure must be controlled as well as 


possible so as to protect equipment and personnel. | 


In the event of air failure, control valves must be 
specified to open or shut, as the case may be for maxi- 
mum protection. Emergency shutdowns for fire or 
other causes will necessitate venting of flammable 
gases and vapor to a distant flare, and relief valves 
should be sized to protect vessels from rupture. Itisa 


good idea for the process and instrument engineer to [ 
discuss the possibilities and safety requirements so that | 
| The 
} pres 
7 man 
9 has! 


emergency switches, alarms, valves, etc., can be located 
to the best advantage. 

8. What Changes Can Be Made to Increase Controll- 
ability? Often, changes in sequence or type of equip- 
ment will offer increased possibilities for control of a 
process. The point of measurement might be shifted 


further up or down the line for more efficient control. 7 


The possibilities are many and only mutual study by 
both process engineer and instrument engineer will 
bring items such as these to light. Many savings can 
be made in this way and efficiency is usually greatly 
enhanced. 

9. What About Instrument Installation? The proper 
installation of instruments and controls requires a great 
deal of coordination between the process and design 
section and the instrument section. It is often the 
case that the effectiveness of a control system is greatly 
reduced by improper attention paid to the requirements 
of installation. Are transmitters and controllers placed 
adjacent to control valves so that manual by-passing 
is easily accomplished? Are pipe runs laid out in a 
manner conducive to correct installation of orifices? 
Can temperature bulbs and thermocouples be placed 
so as to indicate correctly? Are clearances adequate 
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for servicing control equipment? Are gage glasses 


placed where they can be easily seen and read? These 
are only a few of the questions and problems that con- 
cein correct instrument installation. It is to the 
process engineer’s advantage to consider such questions 


0 be ] equally important as other design factors. 


This is an indication of the problems and relation- 
ships that exist between chemical engineering and 
process instrumentation, and the present intimate 
relationship becomes more readily apparent. It is 
because of this relationship that it has now become 
necessary to incorporate basic instruction in process 
instrumentation to the student working on a chemical 
engineering degree. Such instruction running con- 
currently with courses in chemical engineering unit 
operations and plant design would be of tremendous 
value in understanding operation of equipment and 
processes from the standpoint of how and where they 
are controlled to produce the desired results. Actual 
practice in the use of the more frequently encountered 
types of instruments, such as flow, temperature, and 
pressure recorders and controllers, could be obtained 
in the unit operations laboratory. Many young chemi- 
cal engineers can recall from their undergraduate days 


much steam was going to a fractionator reboiler, how 
the overhead product was split into the desired reflux 
and net overhead streams, and what means were used to 
hold the tower pressure constant. Little mention, if 
any, was ever made of instrument control and equip- 


ment, and it was usually sometime after entering the 
field before an understanding was obtained on how a 


Such a 
comparatively simple item as a pneumatic control 
valve was a source of fascination, and the operation of 
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every young chemical engineer just entering the field. 

The extent of training on process instrumentation in 
an engineering school is of necessity limited in scope 
for several reasons. First, of course, is the limited 
amount of equipment that can be incorporated in the 
unit operations laboratory. Second is the inability to 
adequately duplicate actual control systems as found 
in the field. Third is the lack of time that can be 
devoted to a more thorough study of this subject. 
The mere study of a basic course in process instrumenta- 
tion does not necessarily imply that it will fit the young 
engineer to design or install control systems any more 
than he would be able to design a fractionator or lay out 
a process. Such things come only with thorough field 
training tempered by experience. The course would 
fulfill two purposes, however. First, it will help do 
away with the basic distrust that all engineers have 
with operating equipment not familiar to them; and 
it will enable the engineer to have a better understand- 
ing of plant operation under instrument control, 
as well as understand the problems involved. Secondly, 
it will give those chemical engineers who desire to enter 
the instrument engineering field the background neces- 
sary to absorb the training and detailed instruction 
necessary to qualify them for work in this specialized 
field. The diversified training given the chemical 
engineer qualifies him to understand what takes place, 
and why, when certain process variables are controlled, 
and so he is by far the most logical one to take a promi- 
nent part. 

It is becoming obvious that the increasingly im- 
portant role that instruments must and will play neces- 
sitates the inclusion of at least one semester of work on 
this subject in the curriculum of every progressive 
chemical engineering school. The demands of our 
high-geared modern technology require that young 
engineers be given at least fundamental training on 
each subject necessary to provide the tools for under- 
standing the requirements of modern chemical processes. 
The value in the field to industry is a proved fact. 


Audio-visual Aids - 


To provide information on where to obtain audio- 
visual aids and how to use them, the Eastman Kodak 
Company has issued three new publications. 

“Selected Indexes and Courses of Photographic 
Visual Aids” lists major sources of motion pictures, 
slide films, and slides available for educational, indus- 
trial training, medical, and other purposes. It also 
includes names of a number of the larger distributors 
of visual aids. 

“Selected References on Audio-Visual Education 


and Training” lists most of the significant articles and 
books, concerned with the production and utilization of 
photographic audio-visual aids, which have been written 
since 1940, as well as some of earlier origin. 

“Some Sources of Educational 2 X 2-Inch Slides” 
is a partial list of the largest producers and suppliers of 
2 X 2-inch slides on various subjects. 

These lists are available on request to the Sales 
Service Division, Eastman Kodak Company, 343 
State Street, Rochester 4, New York. 





Out of the 


@ Power Source 


A new constant voltage power supply for use in cer- 
tain electrolytic determination and separation processes 
has been developed by the Electronic Instrumentation 
Laboratory of the National Bureau of Standards. 
This device, operating from a 110 volt a.-c. line, sup- 
plies a stabilized and continuously adjustable d.-c. 
voltage at current demands up to two amperes or more. 
Regulation is maintained with respect to a reference 
potential electrode, a principle recognized in recent 
years as a useful means of selectively depositing only 
those metals that it is desired to remove in electrolytic 
separation. 

Electrolysis has been used extensively for the separa- 
tion and determination of certain elements, particularly 
copper and lead. Another application consists in 
removing a large variety of metals from a solution so 
that the remaining constituents may be subsequently 
determined by some other method. Thus in the deter- 
mination of aluminum in steel, the mercury cathode 
serves to remove iron and certain alloying constituents 
which might interfere in the analysis. 

In most of the above applications no effort is made 
to control the voltage, and the selectivity of the process 
is determined by the type of solution in which the elec- 
trolysis takes place. Procedures using the more selec- 
tive method of controlling deposition potential have 
been limited by the lack of suitable equipment to 
furnish and maintain the constant voltage required 
Although several such devices have been built, they 
are not entirely suitable because of mechanical features 
which render their performance uncertain due to such 
factors as fouling of contacts, or because the electronic 
circuits used do not permit control under all conditions 
of operation. 

The deficiencies of previous instruments are elimi- 
nated by the new power source developed by the Bureau. 
The voltage is regulated by a carefully engineered and 
compact electronic instrument that utilizes standard 
radio-type components. It is designed to produce 
a controlled output of several volts in loads as low as 
one ohm, though the same techniques could be used in 
apparatus built for higher outputs. In many applica- 
tions, the conventional series-regulated power supply is 
at a disadvantage because of the high load currents 
which must be handled directly by vacuum tubes. 

In the electrolytic separation for which the instru- 








ment was designed it is necessary to control the power 
supplied to a load, the plating electrode, with respect 
to the potential of a reference electrode. Too high 
a potential is indicative of excessive load power. There- 
fore, the function of the circuit is to reduce its output 
automatically until the control potential is at the 
desired value. 

Internally, the instrument contains an amplitude- 
controlled oscillator, a power amplifier and rectifier, and 
two direct coupled stages of amplification. The os- 
cillator, of the multivibrator type, operates at approxi- 
mately 2000 cycles per second, producing a variable 


amplitude square wave which is amplified by a pair of 


audio beam power tubes in push pull. These in turn 
are coupled through a step-down transformer to the 
low-voltage, high-current rectifier. An inductance 
and capacitance filter reduces ripple and noise to a very 
low value. This filtered voltage is the output of the 
instrument. 

For regulation, a portion of the output voltage is 
compared to a voltage stabilized by a gaseous regulator 
tube. The difference between these voltages is am- 
plified by the two direct-coupled stages and used to 
control the amplitude of the oscillator signal. Con- 
nections are such that the oscillator amplitude is in- 
creased when the output voltage falls below the refer- 
ence value. With the two stages of amplification, 
regulation is very precise, so that the output deviates 
only slightly from the reference voltage. 

One application, in which the apparatus has been 
especially successful is the separation of copper from 
solutions preliminary to the polarographic determina- 
tion of very small amounts of cadmium, lead, tin, and 
other metals. The high degree of control attainable 
permits separation of elements whose half-wave 
potentials differ by only a few tenths of a volt. Addi- 
tional experimentation is in progress in the Bureau’s 
physical chemistry laboratory to determine the full 
scope of the instrument in electrochemical processes. 


8 Rain Making 


The new method for producing rain, by which ordi- 
nary water dispensed in small quantities into actively 
growing cumulus clouds initiates a ‘chain reaction” 
rainfall from such clouds, has been disclosed. 


ducing precipitation which are effective only in super- 
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cooled clouds above the freezing level in the sky, the 
new method applies to producing rain from cumulus 
clouds of any temperature above or below the freezing 


level. 

Also in contrast to previously discovered methods, 
the new technique is simpler in that it produces rain 
directly. The dry-ice and silver iodide methods first 
produce snow, which may turn to rain as it falls. 

Certain characteristics the cumulus clouds must have, 
in order for the new method to be effective, include a 
vertical, upward wind current of at least five miles per 
hour, fully grown cloud water droplets, a high cloud 
water content, and a cloud thickness of several thousand 
feet according to Dr. Irving Langmuir, who developed 
the method. 

Such cumulus clouds are found frequently in the 
summer in the northeastern part of the United States 
and all year round over the South, the Pacific coast, 
and the tropics. - 

According to the theory behind the method, a small 
quantity of water dispensed into a cumulus cloud would 
begin falling in the form of ordinary water drops. 
The drops would be large enough to fall despite the 
upward wind currents. As these drops fall, they would 


collect the many-times-smaller cloud water droplets: 


in their path. By accretion, the drops thus would 
grow continuously as they fell. 

When the water drops reached a critical size of about 
three-sixteenths of an inch in diameter, they would 
begin shedding or throwing off water particles collected 
from that time on. These particles, too little in weight 
to resist the upward wind currents in the cloud, would 
be driven back upward, but, as they progressed, they 
would be continuously collecting the smaller cloud 
water droplets in their path. Eventually, they would 
attain a size and weight sufficient to begin falling again. 

If the cloud has all the necessary characteristics, the 
falling drops would begin shedding water particles at 
a higher level each successive time they fell, and thus, a 


] chain reaction activity would progress throughout the 


cloud. 
Rainfall precipitated from a cloud would lower the 
cloud’s density, and thus, the upward wind currents 


7 could cause the cloud to grow to much greater heights. 


As it grew, the cloud probably would draw in additional 


] moisture from the atmosphere, and thus, it might be 


} possible to produce a self-propagating or continuing 


Idi- | 


1u’s 
full 


rdi- 
vely 
on 





rainstorm. 

The new method of producing rain applies principally 
to cumulus clouds, because they are the only type which 
have the necessary characteristics. Other types usu- 
ally are too stable, or still, and do not have enough 
thickness. 


K) Lithium 


shitiigtsn 


In a German method for making metallic lithium, 
Zinnwaldite mica, containing 0.2 to 0.5 per cent lithium 


]'s concentrated by a magnetic and flotation method to 


r0- | 1.5 per cent lithium (3 per cent lithium oxide). 


| un salts are made by processing the oxide with potas- 


Lith- 





. 





287 





sium sulfate to produce lithium carbonate, the starting 
point for production of the chloride, hydroxide, and 


fluoride. To produce the metal, lithium chloride is 
melted for electrolysis. _ 

Lithium metal was used as an alloying and purifying 
element added to nonferrous metals including copper, 
silver, cadmium, aluminum, magnesium and _ lead. 
The lithium-lead alloy, “Bahnmetall,”’ was used ex- 
tensively for railroad bearings. 

The use of lithium has progressed further in Germany 
than in the United States. In addition to its use in 
“Bahnmetall,” substantial amounts are used in two 
zine alloys of sheet and strip, and small amounts are 
used in gas free metals and in aluminum hardening. 
Lithium salts are used in heat resisting glass and ce- 
ramic ware; lithium chloride in soldering and welding 
fluxes and lithium carbonate as the starting point for 
various pharmaceutical products. 


oe Telephone Crystals 


Artificial crystals, grown in the laboratory from 
ordinary chemicals, are starting to be used in the 
nation’s expanding telephone network as a substitute 
for scarce but indispensable natural quartz. 

In a few years, the artificial crystals are expected to 
replace as much as 90 per cent of the natural quartz 
used in long-distance telephone systems. 

The new crystals, ethylene diamine tartrate, are 
familiarly known as EDT. Like quartz, they are 
piezoelectric in character; that is, they can convert 
mechanical energy to electrical energy or they can 
reverse the process. 

A small slice, or plate, of such a crystal will vibrate 
with unvarying frequency when electric current is 
applied to it. Telephone engineers employ this charac- 
teristic of quartz—and now of EDT—in sending many 
telephone conversations over the same wires ai the 
same time but at different frequencies, using crystal 
filters to guide each conversation into its proper channel. 
Thus quartz has been indispensable in the telephone 
system for many years. 


Q Diamonds and Gamma Rays 


Radioactivity studies have shown that diamonds are 
highly sensitive to gamma rays and may be used to 
detect this radiation in the same way as a Geiger- 
Miiller counter. It has been found that a diamond 
placed in a strong electric field initiates sharp electrical 
pulses when gamma radiation is absorbed, and, as with 
a Geiger counter, a count of pulses gives an indication 
of the intensity of the radiation. The diamond counter 
has not yet been tested for beta radiation, but it is 
expected that a similar effect may be observed in this 
case. 

The pulse-producing property of the diamond is 
thought to be a result of its highly symmetric crystal- 
line structure, characterized by a very regular arrange- 
ment of carbon atoms with relatively large intervening 
According to this theory, when a_photo- 


spaces. 
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electron is emitted by a didmond atom as the result of 
the absorption of gamma radiation, the freed electron is 
accelerated through the interatomic space toward the 
positive electrode. Within a very short distance it 
acquires such high velocity that other atoms along its 
path are ionized by collision with the release of addi- 
tional electrons, which in turn are accelerated in the 
same direction. This multiplication of charges repeats 
itself in rapid succession, producing a sudden avalanche 
of electrons equivalent to a small pulse of current. 
The larger the diamond the more electrons would be 
involved in the sudden pulse that is counted. This 
means that the gamma-ray sensitivity of a diamond 
counter should be proportional to the size of the crystal. 
However, adequate sensitivity is obtained with a com- 
paratively small diamond. Apparently the diamond 
quickly recovers from its ionized state, as the pulses 
registered are extremely sharp. The diamond counter 
is thus a very “fast”? counter, capable of indicating a 
much greater number of pulses per minute than is 
possible with the ordinary Geiger-Miiller counter. 
Industrial diamonds used as counters must be color- 
less and absolutely free of flaws; about one diamond in 
forty meets these specifications. Apparently color in a 
crystal, such as a diamond, indicates a change in the 
relation of outer electrons to atomic nuclei. Such a 
condition might tend to inhibit the generation of the 
required electrical pulse. Obviously, a flaw in the 


diamond would impede a surge of electrons through the 
affected portion of the crystal. 





A Flawless, Water-Clear Industrial Diamond (!/3 Inch on Each Face) 
Is Clamped Between Brass Electrodes Maintained at a Potential of 
About 1000 Volts. Sharp Electrical Pulses, Produced Within the 
Diamond by Absorption of Gamma Radiation Are Amplified and 
Applied to a Set of Earphones, an Oscilloscope, or Other Detecting 
Device. 


e Glycerol Substitutes 


The development of glycerol substitutes in Ger- 
many was approached from many directions, according 
to report. For example, the synthetic fats program 
called for chemically pure glycerol for which the 
“Oppau process” involving propylene chlorination and 
hydrogenolysis was developed. For alkyd resins, the 
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functionally related trimethylol. propane process 
achieved considerable success. However, for the 
numerous softening and conditioning uses of glycerol in 
tobacco, cellulose films, cosmestics, and pharmaceu- 
ticals, the chemical identity of the product with gly- 
cerol was irrelevant so long as the substitute had the 
proper viscosity, taste, lack of color, and was nontoxic. 

Several years of experimentation with small scale 
equipment showed that invert sugar could be cracked to 
give mixtures averaging 35 per cent each of glycerol 
and glycols (largely propylene glycol), and 25-28 
per cent of a nonvolatile, six-carbon residue. The 
material was colorless, reasonably sweet in taste, non- 
toxic, and resembled glycerol in viscosity. In 1937 
the decision was made to adopt long, unstirred, liquid 
phase reactors, agitated by circulated hydrogen. 

The product, called “glycerogen,” has never been 
regarded as more than a substituté for glycerol. Con- 
siderable difficulty has never been experienced in its 
manufacture, particularly in learning how to prevent 
corrosion and stoppage of the reactors by the suspended 
catalyst and how to accomplish pressure release with- 
out damage to pumps. Of technical interest, however, 
is the fact that the process applies continuous catalytic 
hydrogenolysis to sugar at a temperature of 200°C. 
and a pressure of 325 atm. 


oe Flowmeter 


A new laboratory kit (rotameter type) has been 
designed to fill the need for a versatile and inexpensive 
flow measurement “‘set,’”’ to meet the varied flow meas- 
surement requirement of the research lab. It consists 
of a unique metering tube holder with base plate and 
hose connectors, four readily interchangeable tubes, and 
six metering floats complete with calibration data. 
Complete information may be had from Fischer & 
Porter Company, Hatboro, Pennsylvania. 


& Silica Powder 


Silica powder of high purity and submicroscopic 
fineness is now being produced in pilot plant quantities 
by The Linde Air Products Company, Unit of Union 
Carbide and Carbon Corporation. 

Control analyses on this powder show a minimum of 
99.9 per cent SiO: content on a dry basis, with an average 
‘particle size of 0.01 to 0.05 micron. In addition to its 
extremely high purity and fineness of particle, another 
distinct advantage is that it is available in powder form, 
therefore it can be dispersed in either aqueous or or- 
ganic liquids or incorporated as a dry powder. 

This silica powder, over a wide range of concentration 
has been found to disperse in, or to blend satisfactorily 
with, most organic or inorganic media (including water) 
and to remain in a stable homogeneous form indefi- 
nitely. Stable sols of high Sio, concentration, thixo- 
tropic or stable gels, dilatant liquids, and other colloidal 
systems can be formed. The extremely fine particles 
of silica give rise to surface phenomena which make it a 
suitable catalyst carrier in chemical processes. 
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GRADUATE APPOINTMENTS IN CHEMISTRY. 
AND CHEMICAL ENGINEERING 




















1 2 3 4 6 6 7 8 9 
Carnegie Institute of Technol- 15GS 0 9 0 TF Ree | a ee ere 
ogy TA 750* 9 12 TF Ks * $850 on reappointment 
Pittsburgh, Pennsylvania Tre -1000* 9 16 TF i * $1100 “ 
?TA 350 9 + F “ For ex G.I.’s 
?TA 700 9 8 F " oS eee 
?TA 0 9 4 HS ‘ 2$ 
18F 1800 0 ’ “ After one year graduate 
(Max.) study 
RA . 0 d " * Full-time; salary vari- 
able 
RA 100-180 m 0 —T = Half-time 
RA 75-130 m 0 —T = Third-time 
Northwestern University 30Ta 100 m 9 12 T Oct. HDC 
Evanston, Illinois 9” 200 m 1 a 40 Sept. ss * Technical Assistants 
9RA 100 m 9 12 T Oct. | 4) = thea am 
48F 100-210m 9Q9orl2 0 T Oct. “ Some R 
Woe; by 3500-5000 12 40 at em " * Research Associates, 
Oklahoma A and M College 30A 900* 9 15 a Sept. .HDC—May 1 * Increase 2nd yr. 
Stillwater, Oklahoma 
Stage College of Washington 12TF 900* 9 15 T Sept. HDC * 1000 2nd yr. 
Pullman, Washington 
Williams College 4A 1200 9 t/e “ERS? ‘Sent: “HDG 9 1) Beiikeehedekeaees 


Williamstown, Massachusetts 





KEY TO THE TABLE 


Unless otherwise stated the positions listed in the table are 
available only to those who can qualify for admission to the gradu- 
ate school of the particular institution. 

Omissions in the table occur when the information is lacking; 
question marks indicate ambiguity or uncertainty. 

It should be realized that some institutions have not an- 
nounced all their fellowships, some of which may be available 
only to their own students. 

The columns in the table are used as follows: 

1. Name and address of the institution. 

2. Number and designation of positions. S = scholarship; 

A = assistantship; F = fellowship; T = teaching; 
R = research; G = general, open to students in other 
fields than chemistry or chemical engineering. 

3. Stipend, in dollars per year, unless otherwise stated (m = 

per month; s = per semester; h = per hour). 

4. Length of appointment or service in months. If not 

stated, the ‘‘academic year’ (9 months) is assumed. 
8 = semester. 


5. Maximum hours per week of teaching or other service re- 
quired. Fractions indicate “proportion of time” ex- 
pected for such service. 

6. Status of tuition, etc. T and F indicate that tuition and 
fees are remitted. —T (or —F) indicates that tuition 
(or fees) must be paid out of the stipend. S indicates 
that additional amounts are provided for supplies. 

7. Date when appointment takes effect (generally with the 
beginning of the next academic year). 

8. Address for additional information or for making applica- 
tion. HDC = head of chemistry department; DGS = 
dean of graduate school. A date indicates the closing 
of applications. 

9. Supplemental remarks. Special qualifications and limita- 
tions are given here. R indicates that the field of the 
appointment (or of the research to be carried out) is 
restricted, and the limitation may be, indicated. M = 
limited to men; W = limited to women. D = for 
Ph.D. candidates only;. PD = postdoctoral. 





SPECIAL ANNOUNCEMENTS 
Information Not Covered in the Main Table 


Carnegie Institute of Technology. Three South Ameri- 
can students will be awarded $1000 fellowships for 
graduate study in engineering and science at the Car- 
negie Institute of Technology for the academic year 
1948-49, 

The one-year fellowships, which are awarded by the 
Matthes Foundation, New York City, are open to,any 
Latin American student who has completed with dis- 
tinction, or will have completed by September 1, 1948, 
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the requirements for a bachelor’s or higher degree in 
engineering or physical science. Examinations are to 
be held in the candidates’ respective communities 
under the auspices of the Graduate Record Office of the 
Carnegie Foundation. 

The Institute of Gas Technology is prepared to grant 
four-year Fellowships leading to the degree of Doctor of 


. Philosophy. Two-year Fellowships leading to the 


degree of Master of Gas Technology are available. 
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The purpose of these grants is to train a selected 
group at the graduate level for employment in the Gas 
Industry as research, technical, and administrative 
assistants. 

Only duly appointed Fellows may engage in the 
Institute’s training program, which requires full-time 
study. All Fellows are also enrolled in, and will 
receive their degrees from the Graduate School of 
Illinois Institute of Technology with which the In- 
stitute of Gas Technology is affiliated. 

Fellows will receive a graduated stipend beginning 
at $125 per month for ten months in the first year of 
residence. Living accommodations in Graduate House 
adjacent to the Campus are reserved for Fellows of the 
Institute of Gas Technology. Room and board in 
Chicago ranges from $60 to $75 per month. 

Veterans should make application for letters of 
eligibility to the Veterans Administration designating 
the Graduate School of Illinois Institute of Technology. 
Educational benefits received by the Fellow will not 
reduce his stipend from the Institute of Gas Technology. 
Tuition and fees not paid for as an educational benefit 
will be provided by the Institute of Gas Technology. 
The fellowship stipend is nontaxable. Apply to: 
The Director, Institute of Gas Technology, Technology 
Center, Chicago 16, Illinois. 

University of Wichita. Graduates of accredited 
colleges and universities are eligible for a fellowship 
leading to the Master’s degree in chemistry, which will 
be awarded on the basis of merit. The recipients will 
be awarded $1000 plus an allowance for tuition and fees. 
The University of Wichita will remunerate the fellows 
for any part-time teaching or assisting which may be 
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required. The thesis subject must pertain to problems 
o* importance to the Wichita area. 

Complete information on the awards may be ob- 
tained from the Chairman of the Committee on Scholar- 
ships and Student Aid, University of Wichita, Wichita 
6, Kansas. 


JEWETT FELLOWSHIP AWARDS 


Nine promising young scientists were named recently 
by the American Telephone and Telegraph Company to 
receive the 1948-49 Frank B Jewett fellowships for 
research in the physical sciences. The awards grant 
$3000 to the recipient, and $1500 to the institution at 
which he chooses to do his research. ; 

Winners of the fellowships are: Dr. Warren John 
Brehm of Harvard University and New York City; 
Dr.- Ernest Max Grunwald of Portland Cement 
Association, Chicago, Illinois, and Los Angeles, Cali- 
fornina; Dr. Leon Albert Henkin of Princeton Univer- 
sity and New York City; James Allister Jenkins of 
Harvard University and Toronto, Ontario; Robert 
Karplus of Harvard University and West Newton, 
Massachusetts; Alvin Ira Kosak of Ohio State Univer- 
sity and. Forest Hills, New York; Dr. Joaquin M. 
Luttinger of Physikalisches Institute, Zurich, Switzer- 
land, and New York City; Dr. Paul Olum of the In- 
stitute for Advanced Study, Princeton, New Jersey, 
and Cambridge, Massachusetts; and Richard Nelson 
Thomas of Harvard University and Omaha, Nebraska. 

Three of the winners are mathematicians, three 
chemists, two physicists, and one an astronomer. 
Dr. Olum, a mathematician, received a similar fellow- 
ship for 1947-48. 


THE TESTING PROGRAM OF THE DIVISION OF CHEMICAL EDUCATION OF THE ACS 
(Continued from page 282) 


general chemistry, qualitative analysis, quantitative 
analysis, organic and physical chemistry. These tests 
were prepared in parallel forms, one confidential, to 
be given to the students while in the services or upon 
discharge, and the other available to the colleges for 
establishing norms for comparison. These tests are 
still used, by the armed services (11). 


CONCLUSION 


It is to be emphasized that the work of the Com- 
mittee on Examinations and Tests may include all 
teachers of college and university chemistry courses 
and any other interested persons. This is indeed an 


enterprise worthy of the attention of the entire group, 
for in it are the elements for the improvement of teach- 
ing and the benefits that will accrue to the profession 
of teaching as well as to all professional avenues in 
which chemically trained personnel are used. The 
Committee invites the active interest and participation 
of all who believe that they can in any way contribute 


to the further success of this growing and evolving pro- 
gram. At the present time there is at least one test 
available in each of the six fundamental fields of chem- 
istry. At an early date, it is expected that unit tests 
will be available in general chemistry. Samples of 
these tests are now available through the Educational 
Testing Service. 
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a7 compounds by combination of the elements. 


RELATIONS' 


Ir rue title of this talk had been “The Role of 
Diplomats in International Relations” we all would 
know what to expect. We have long been familiar 
with the duties of these agents, how they act as go- 
betweens and are instruntental in cementing such ties 
as may exist between nations. My topic today, 
“The Role of Electrons in Interatomic Relations” 
bears more than a rhetorical resemblance to the one I 
have just mentioned. Electrons are also the go- 
betweens, one might say the “diplomats,” ’ in the ties 
that are formed between atoms in the various types of 
compounds we recognize today. If one pursues this 
analogy further, however, one soon comes upon a 
number of differences. For instance, diplomats are 
very real and tangible, whereas individual electrons 
are still considerably beyond human _ perception. 
Similarly, I think you will agree that the effect of the 
work of diplomats cannot be reliably predicted while 
that of electrons may be foreshadowed with a high 
order of accuracy. Furthermore, diplomats enjoy the 
privilege of roving about without restriction; an elec- 
tron could do this only if it were in a perfect vacuum 
and at infinite distance from other charges. 

The subject to which I have addressed myself is as 
broad as chemistry itself, for all chemical reactions 
involve electrons. Therefore, it becomes necessary 
to limit the discussion to that part of chemistry which 
is appropriate to the occasion, and which can be dealt 
with in our limited period of time. Since most of us 
are concerned with the teaching of elementary chem- 
istry, it seems best to confine my comments largely to 
the part played by electrons in the formation of simple 
This 
necessarily shelves a number of important types of 
reactions such as the acid-base and complicated changes 
involving oxidation and reduction. In making my 
choice of materials I have tried to bear in mind a com- 
ment I overheard last winter at a chemistry teachers 





‘ Presented before the Ninth Summer Conference of the N.E.- 
A.C.T. at Wellesley College, August 20, 1947. 
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meeting. The speaker’s topic was “The Atom and 
Its Electrons” and he proceeded to introduce various 
ideas from wave mechanies and data obtained from 
spectroscopic observations. Before long a high-school 
teacher: whispered to his neighbor facetiously, ‘I’m 
going to tell this to my kids first thing in the morning.” 
It is not my intention, however, to provide you with a 
lesson plan that is watered down to the twelfth year 
level, for such a scheme, like all lesson plans, would be 
useful only to the person who drew it up. In teaching 
this subject we must, each one of us, work according to a 
plan that is based upon our own knowledge and is pat- 
terned according to the previous training of ourstudents. 
As we survey the field of simple combination reactions 
between atoms, we notice immediately that two kinds 
are possible: between like atoms and between unlike. 
This distinction is, however, not significant since similar 
mechanisms are encountered in either type of com- 
bination. We may, therefore, proceed directly to 
examine the three major ways by which atoms with 
their complements of electrons may come together and 
stay united. In each case we shall find that the outer- 
most or valence electrons, those in the outermost s, 
p, d, and, more seldom, the f sublevels, play a significant 
role in establishing the bond between atoms. . We 


_shall also find that while three modes of combination are 


generally recognized, namely, ionic valence, covalence, 
and metallic valence, most known compounds do not 
represent ideal examples of any one of these modes. 
Thus, some ionic valence compounds have considerable 
covalence character and many covalence compounds 
have some ionic character. Nevertheless, for purposes 
of classification and discussion, it is convenient to use 
the three terms and to assign each compound to the 
particular category in which it fits best. 

Into our first division then fall the conic valence 
compounds: sodium chloride, calcium oxide, barium 
fluoride, and many other salts and oxides. A large 
number of physical criteria indicate that these sub- 
stances contain ions; for instance, as solids they have a 
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definite though very slight electrical conductivity, 
when melted the conductance becomes quite good; 
they have high melting and boiling points, an indication 
that there are strong forces holding the primary par- 
ticles together, thus ruling out molecules; their refrac- 
tive indices can be shown to be the result of two in- 
dependent, known effects, the refractivity of the posi- 
tive ion and that of the negative; and their X-ray 
diffraction patterns show that ions rather than mole- 
cules are acting as diffraction centers. 

The part that the valence electrons play in the forma- 
tion of ions seems straightforward enough. Electrons 
are transferred from atoms of one sort to those of 
another, usually ‘upon direct contact, as shown by the 
following steps: 


7 


M-e —- Mt? — energy 
{ 
X+e- —- X™” = energy 


Tables of ionization potentials will show that, in general, 
it takes less energy to remove electrons from atoms of 
the metals than the nonmetals; the former, therefore, 
more readily become the donors of electrons and form 
positive ions. Again, tables of electron affinities show 
that the atoms of some nonmetals (F, Cl, Br, I) accept 
electrons spontaneously; to make the atoms of other 
nonmetals (O, S, Se) accept electrons only small en- 
ergies need be expended, hence the atoms of the non- 
metallic elements become the electron acceptors and 
form the negative ions. 

The formation of positive and negative ions is, of 
course, only the beginning of the process which results 
in an ionic valence compound. The rest is almost too 
readily accepted by most everyone, probably because 
we learned while quite young that positive attracts 
negative. As we grew older we learned to express the 
same idea more elegantly as Coulomb’s law of force. 
That the operation of this law is a very important factor 
in the formation of an ionic valence compound is im- 
mediately conceded when it is discovered that the 
energy balance in the aforementioned steps always 
turns out negative, which means that a positive factor 
must come in somewhere to swing the balance in the 
opposite sense else no combination will occur. The 
positive factor is the energy that is set free when the 
positive and negative ions are brought to within very 
short distances of one another, it is called the lattice 
energy U. If we imagine that the charges which result 
from the gain or loss of electrons by the atoms are 
concentrated at the centers of the ions, it is possible 
from purely electrostatic considerations to set up an 
equation which permits the calculation of the lattice 
energy for ions of particular size, charge, and arrange- 
ment: 


—Ae*N 1 
ahs i it, (1 ~%) (1) 
wherein U is the energy, in kilocalories, theoretically 


set free per mole, A is a factor that depends upon the 
valences of the ions involved and upon the geometry of 















JOURNAL OF CHEMICAL EDUCATION 









the crystal lattice, e is the charge on the electron, N 





















































































is the Avogadro number, r is the distance between § 
centers of positive and negative ions in the lattice, and J, 
the numerical value of n depends upon the total number § ;, 
of electrons in the ions producing the solid. é 
This equation enables us to test our theory of the § {, 
constitution of ionic valence compounds, for if the rc 
theory is correct then the value of U(¢heor.) calculated § 4} 
should agree with the lattice energy obtained from ex- § 
perimental values. The latter may be called U¢e,,) § py 
and can be found by the following scheme: 
sublimation Ionization x 
Moony S2PEY, M iqua, POtentiolnys +... ei 
S; I Uy.) | ; 
- — Mtx- (solid) x 
Electron ha 
: affinity / C: 
X (eotid) ———> X (gas) ———> X~ (ens) (2) i 
S. F tor 
Combination as 
Meeoiiay + X(sotia) Pr i M *X~ (otia (3) : 
H : 
mi 
There are two ways of preparing solid M*+X~; method § tio 
(2) goes through several steps whereas method (8) 
is direct, but whatever the route the same energy H ¥ 
should be involved in passing from the solid metal 
(M,)) and solid nonmetal (X,)) to the end product.§ © 
Consequently the sum of the energy steps in (2)§ — 
should equal the energy in (8), or 
H=8,+1+8 + F + Vex, aes 
The values of all the factors in this equation are known 
from experiment, except U¢exp). This is then foundg 1 
algebraically and, in Table 1, the values for some que 
typical compounds are compared with those obtained § doe 
from the theoretical equation (1). it 
may 
TABLE 1 = 
Lattice Energies of Ionic Valence Compounds For 
Utheor.) calculated in Ucexp.) found in accord-@ cale 
accordance with ance with schemes Hf nog, 
Compound equation (1) (2) and (3) ite 
NaCl 184 184 vai 
AgBr 197 211 ' 
CaF, 625 617 com 
PbI: 458 497 of ic 
ZnO 977 964 The 
CaS 721 722 | 
or Vv 
; elect 
The concordance of the values in the two columns@ upo. 
leads us to believe that our conception of the roleg§ of cx 
played by electrons in the formation of ionic valencegj upor 
compounds is essentially correct. _ ff othe 
Having thus developed some degree of confidence ing} dete 
our theoretical equation for calculating the lattice the « 
energies concerned in the formation of ionic valencqj Qi 
compounds we may, by an indirect method, test 19} oper 
still further. We may use it to calculate the energy Off meat 
formation of CaCl), CaCl), and CaCl). Tha —— . 
values in Table 2, obtained according to a schem@], ¢, 
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like (2), show clearly that, whereas the formation of 
CaClas) is attended by the release of much energy, 
and should therefore be a spontaneous process, the 
formation of CaCl) and CaCl.) requires the intro- 
duction of energy. The latter compounds should not 
form unless this energy is aviailable from the sur- 
roundings. Further, if we succeed in making them, 
the compounds, being endothermal, would, at ordinary 
temperature, tend to decompose into stabler products 
by processes which liberate energy, e. g., 


2CaCl — CaCl, + Ca + energy 


Now in all of our experience no one has found any 
evidence of CaCl; which the calculation shows should 
be an exceedingly unstable substance. On the other 
hand, there have been reports of the’ preparation of 
CaCl by indirect methods and in impure form.? This, 
too, is consistent with the value for its heat of formation 
as calculated. We would predict that there was a 
possibility of preparing it at elevated temperature and 
then, upon cooling rapidly to room temperature, it 
might persist because of a very slow rate of’ decomposi- 
tion. 





TABLE 2 


Calculated Bneegies of Formation of Some Chlorides of 
cium (in Kilocalories per Mole) 


pt ee (approx.) 
BAU los 
CaClr —339 (approx.) 








The foregoing appears to be our answer to the 
questions, ‘Why is the calcium atom divalent? Why 
does it not lose just one or perhaps three electrons when 


it enters into combinations?” Similar calculations 
may be made for the other elements that form ionic 
valence compounds and also for those, like the inert 
gases, which do not enter into this type of combination. 
For the latter elements the energy of formation as 


4 calculated for possible compounds comes out highly 


negative. When all the calculated values are com- 
pared with laboratory experience, and the degree of 
accord noted, we come to the conclusion that our whole 
conception of the way electrons enter into the formation 
of ionic valence compounds must be on the right track. 
These calculations show clearly that the ionic valence 
or valences which an element exhibits depend upon the 
electronic structure of its atoms and more particularly 
upon the amount of energy involved in the loss or gain 
of certain electrons in the outermost energy levels and 
upon the energy set free when its ions combine with 
others. The number of electrons actually transferred 
determines, of course, the valence number assigned to 
the element. 

Our next large class of compounds results from the 
operation of what is called covalence. In brief, this 
means the sharing of valence electrons between atoms 





2 W6HLER AND RopEwa.p, Z. anorg. Chem., 61, 54 (1909); 
A., Guntz, AND F, Benoit, Bull. Soc. Chim., 35, 709 (1924). 
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and results in the filling up of the electronic orbitals 
with pairs of electrons. Sometimes it is just a pair of 
electrons that is shared, as in HCl, but any number up 
to eight pairs, as in OsFs, may be involved. Luder® 
has recently given an excellent report on the details 
of this process. The telltale of covalence is the absence 
of charged atoms or groups of atoms. Consequently, 
those physical properties that were earlier mentioned 
as characteristic of ionic valence compounds will not 
be in evidence for the covalence compounds. The 
sharing of electrons between atoms brings about associ- 
ations which we call molecules and these have their 
own unique properties. For instance, they generally 
aré only weakly attracted to neighboring molecules, 
with the consequence that only low levels of thermal 
agitation (7. e., temperature) are needed to melt the 
solid or boil the liquid. Further the molecules often 
contain an asymmetric distribution, of charge which 
manifests itself in the form of a measurable dipole 
moment. Then also the molecules are not rigid, their 
atoms vibrate with respect to, one another, and the 
aggregate may rotate. These motions are associated 
with characteristic amounts of energy which are 
absorbed when infra red radiation plays upon the mole- 
cules. . By their absorption spectra, then, we can detect 
molecules, 7. e., covalence compounds. Of course, 
X-ray and electron diffraction studies, which give in- 
formation about lattice and molecular structures, are 
additional aids in distinguishing the covalent from 
the ionic valence compounds. 

Unfortunately, the almost intuitive approach which 
the student has toward ionic valence compounds is 
lacking for the case of covalence. It is difficult for him 
to see why the sharing of outer electrons should result 
in a force which holds atoms together. Nor do we 
have any simple set of rules or reasons which we could 
use to justify the existence of the force. It is true that 
wave mechanics has supplied a complete and satisfying 
theory of the electron-pair bond and has provided 
equations which permit the calculation of the force 
and energy of the bond, but these are so deeply rooted 
in higher mathematics that they are mere abstract 
symbols to the average college student. Furthermore, 
this theory, because of its very complexity, has thus 
far been successfully applied t6 only a few covalence 
bonds existing between the simplest of atoms. What 
then shall we offer as an explanation for the attractive 
force due to valence electrons shared between atoms? 

My only suggestion is to fall back upon some feeble 
qualitative reasoning based, again, upon electrostatics. 
If we assume two-neighboring atoms, M, and M2, and 
divest each of an electron, e; and é, then the remaining 
effective charge upon each atom, centered at the 
nucleus, will be one unit, positive. If the electrons 
remain in the proximity of these positive charges, the 
crudest sort of picture then calls for four forces of 
attraction as against two of repulsion, as shown by 
arrows in the following sketch: 





3 Luprr, W. F., J. Coem. Epuc., 22, 221 (1945). 
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The inaccuracies of this static picture are patent, but it 
may serve a useful purpose as a stopgap. 

Although it seems unlikely that we shall be able to 
impart to the beginning student anything more than 
a nebulous notion of the nature of the covalent bond, it 
may be well to remind ourselves that a great wealth of 
empirical data concerning this type of bond between 
all sorts of atoms has accumulated. We have tables of 
bond energies (the work necessary to rupture the elec- 
tron-pair bond between particular atoms), bond dis- 
tances, and bond moments (dipole moments). With 
them it is possible to interpret successfully an amazing 
amount of chemical information. The covalent bond 
energies are approximately additive, so that it becomes 
possible to calculate in advance with moderate accuracy 
the amount of energy that will be set free (or absorbed) 
when the electron-pair bonds are ruptured in the re- 
actants and reconstituted in the products. In fact 
this additivity of bond energies is often used as a cri- 
terion of the presence of covalence bonds. As a hypo- 
thetical illustration we may think of the formation of 
the molecule A,B, from molecules Az and B.: 


a ae aca 


Each line joining A to B represents an electron pair or 
covalence bond. Here it is clear that energy must be 
supplied to rupture the bonds between the A atoms in 
Az and the B atoms in Bz, also that energy is recovered 
when the four A—B bonds are formed. Assuming that 
tables of bond energies‘are at hand, our energy balance 
(the heat of reaction) is found as the sum of —E,g-a4 
—Ep-p + 4Ea-p. 

A few actual cases may now be in order. When 
hydrogen peroxide is formed from hydrogen and oxygen: 


O—H 
one H—H and one O=0O bond (a double bond) must be 


broken, whereas one O—O and two O—H bonds are 
formed. The energies necessary for rupture are: 


H—H, 103 kg.-cal./mole; and OO, 118. But the 
energy of formation of an O—O bond is 35, and twice 
the energy for an O—H bond is 220. The sum of 
energy absorbed and released is thus: 
+ 35 + 220 = 34 kg.-cal./mole. 


—103—118 
The experimental 
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value for the heat of formation of hydrogen peroxide is 
33.59 kil.-cal./mole. 

As another illustration of the power of the method 
we may try to use bond energies to calculate the heat 
of formation of propane from graphite and hydrogen. 


3C ceraphite) + 4H) i C3H ig) 


The bonds involved and the number of times they. must 
be taken are: 


3X Cigraph) Cig) — 224 kg.-cal. 
4X 2(g) a> 2H) — 103 
8X CcC+H — C—H + 112 
2X c+CcC — C—C + 105 


The summation of these hypothetical steps leads to 22 
kil.-cal./mole whereas the experimental heat of formation 
of propane is 24.75. Many similar calculations have 
been made in attempts to discover the heats of forma- 
tion of compounds still unknown and to find better 
ways of making those that are known. In general, 
these have met with enough success to warrant our 
continued use of the principle of additivity of covalence 
bond energies. 

Before leaving the subject of convalence it may be 
worth while to digress from the main theme slightly and 
discuss briefly how the valence number of an element 
entering into a covalence compound is determined. 
Ideally we should count the number of pairs of elec- 
trons shared by an atom of the element with atoms of 
other elements in the molecule they form. (When 
atoms share electrons with like atoms, as in Cl: Cl, the 
valence number is considered zero.) This assumes, of 
course, that much is known concerning the structure of 
the molecule. When we are on less secure ground, or 
are dealing with complex compounds, we generally fall 
back upon the rule of identical total valence which 
assumes as a basis that hydrogen and oxygen have 
valences of 1+ and 2—, respectively, and that the 
valences of other elements in molecules containing 
them can be obtained by simple algebra. Occasionally 
the valence can be obtained unequivocally by carrying 
out a cell reaction and noting the number of Faradays 
required to convert one gram atom of the element in 
question to the compound form. 

We turn now to the last of the important types of 
bonds or attractive forces created between atoms by 
valence electrons. It is the metallic bond. It is 
evident that in a metal, say copper or iron, the atoms 
cannot be joined by ionic valence forces, for this type 
of valence presupposes the presence of atoms of two 
sorts, electron donors and the receivers; nor can the 
atoms in a metal be held to their large number of neigh- 
bors (usually 8 or 12) through sharing of valence 
electrons with them. There just are not enough 
electrons to go around. What then has the mind of 
the physical chemist conjured up to explain the strong 
forces existing between the atoms of a metal? Some 
fifty years ago the “electron gas” theory was postulated 
by Drude, according to which the atoms in metals 
lost their valence electrons and these formed an elec- 
tron gas which drifted through the interstices between 
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the positive ions just as gas 
molecules would diffuse 
through a pile of marbles. 







TABLE 3 
Chart of Phases in the Copper-Zinc System of Alloys (Brasses) 
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Pure 
Copper 


in this way are, however, 
so different from those 
joined by ionic or covalence 
that one need only mention some of them by name— 
excellent electrical and heat conductance, strong re- 
flection of light, and plastic deformation—to suggest 
that the valence electrons in metals must act in quite a 
different way from those in the ionic or covalence com- 
pounds. 

The electron gas theory is simple, and it explained 
many of the properties of metals, at least qualitatively. 
The need for modifying it arose when it was realized 
that if metals were so constituted they should have 
abnormally large specific heats due to the presence of 
two independent sets of particles, the positive ions and 
the electron gas. But metals do not have specific 
heats that are abnormal to this extent. A modification 
of the theory, intended to take care of the defect just 
mentioned, established the “free” electrons on a fixed 
lattice which interpenetrated that of the positive ions. 
Like its predecessor, this theory accounted fairly well 
for most of the properties of metals but was not con- 
sistent with their extraordinary electrical conductance. 
Even the feeblest potential difference starts electrons 
moving in a metal; this would not be expected of 
electrons in a fixed lattice. 

The present theory is the result of the application of 
the Fermi-Dirac statistics to the so-called “free” 
electrons within the metal. In essence it is the same as 
the older electron gas theory; both postulate that the 
positive ions in the metal are held in place in the 
lattice by the electrostatic attraction of the surrounding 
electrons. Simultaneously, of course, the electrons are 
kept from escaping from the ‘metal by the presence of 
the positive ions. In the newer theory the electrons 
are not quite as free as in the electron gas of Drude. 
They are no longer unqualifiedly detached from their 
respective atoms. Under the new theory energy values 
ascribed to the valence electrons are no longer con- 
tinuous as in the free gas theory, but are restricted to 
values within particular bands or zones, hence this is 
often called the zone theory of metals. These allowed 
zones of electron energies may overlap to some extent, 





Atomic Per Cent Zinc -—————} 


thus affording an approach to the continuum of energies 
postulated under the Drude theory. 

As was the case with ionic and covalence bonds we 
are interested in the role played by the valence electrons 
when atoms of different metals are brought together 
i. e., when alloys are formed as by fusion and subsequent 
cooling. The major requirement is for the atoms to 
release one or more electrons to the common swarm 
while the positive ions find lattice sites. If the sizes of 
the atoms of the metals are closely alike, we find that 
the ions of the one can substitute for those of the other, 
indiscriminately throughout its lattice. Solid solu- 
tions rather.than compounds of fixed stoichiometric 
proportions are thus formed. When the atomic radii 
differ by more than 15 per cent the tendency to form 
solid solutions falls off rather sharply. In this case, 
and particularly if the metals differ appreciably in 
electronegativity, what might be called “intermetallic 
compounds” appear in the mixture. Their composition 
is also generally variable; in other words, they too are 
solid solutions of limited range. A better name for 
them would be phases, such as body-centered cubic 
phase, close-packed hexagonal phase, etc. The system 
of alloys known as brasses, formed between copper and 
zinc, illustrates the aforementioned tendency to form 
solid solution phases (Table 3). None of these inter- 
metallic phases has constant composition. Even zinc 
dissolves a small amount of copper, forming the 7-phase. 
The a, 8, y, and ¢ phases are extensive solid solutions. 
This characteristic of uniting to form distinct crystalline 
phases of variable composition is the point of strongest 
difference between intermetallic combinations and 
those resulting from ionic or covalence. That the 
number of valence electrons available is apparently 
quite significant in determining the structure of inter- 
metallic phases has been found by observation of many 
alloy systems. The 8, y, and .¢ phases frequently 
appear when the ratio of valence electrons to atoms 
is the same as that shown for these phases in the 
(Continued on page 300) 
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e TUNGSTEN—Its History, Geology, Ore Dressing, 
Metallurgy, Chemistry, Analysis, Applications, and 
Economics 


K. C. Li, Commodity Exchange, New York, and Chung Yu Wang, 
Columbia University. Reinhold Publishing Corp., New York, 
1947. Second Edition. A.C. S. Monograph No. 94. xx + 430 
pp. 15 X 23cm. $8.50. 


WERE IT Not for a recent editorial in Chemical and Engineering 
News! this reviewer might not have expressed so freely the dim 
view he holds of certain aspects of the revision of this book. 
It is particularly important, he believes, to call to the attention 
of the Board of Editors of the A. C. S. Monographs that he finds 
that they are not exercising a sufficiently vigilant editorial con- 
trol over the books issued under their aegis. The deficiencies 
that one may reasonably forgive in the first edition have been 
accentuated by revision, whereas the reader normally would 
expect the reverse to happen. Despite its poor editing, however, 
this book remains the definitive work on that most strategic 
element, tungsten. When the publishers are faced with the 
decision as to whether to issue a third edition, however, it is 
respectfully urged that much rewriting of the present edition 
be effected. 

The senior author was the discoverer of the extensive Chinese 
tungsten deposits in 1911, a fact that is brought out in an inter- 
esting personal account in the Foreword, and since the time of 
that most important accident, has been identified with the 
exploitation of Chinese ores. Tungsten has played a decisive 
part in two world wars, primarily as an alloying element for 
steels. It is less well known that projectiles containing tungsten 
carbide cores, used by Rommel in North Africa, were what nearly 
finished the British in the early days of the War. Similar anti- 
tank, armor-piercing tungsten carbide projectiles were feverishly 
developed in the United States and England in time to play an 
important part in the defeat of Von Rundstedt’s Army in the 
Battle of the’Bulge. Compared with the tonnages required for 
such applications, the more familiar use of tungsten for lamp 
filaments requires only a very small amount, less than 100 tons 
a year. Recognizing the strategic importance of tungsten, the 
authors propose, in one of the new sections added in the revision— 
Apendix III, “Post-War Tungsten Situation’—that an Inter- 
national Tungsten Producers Research Association be organized 
and recommend that, ‘‘any discovery made by the Association 
should be public property and the results of all research should 
be published for the benefit of members.” 

As those who are familiar with the first edition are aware, this 
monograph is a major source book of information concerning 
tungsten. The emphasis, however, is not on chemistry. Rather 
it is on geology, ore dressing, economics, and especially metal- 
lurgy. In the preparation of the second edition, data from many 
recent publications touching on these aspects have been incorpo- 
rated. For recent information on the chemistry of tungsten, on 
the other hand, it is disappointing to report that it contains noth- 
ing. not readily available in the standard handbooks of chemis- 
try cited as references, the latest of which was published in 1933. 

In the second edition, much of the new material that was 
included has been added bodily with little effort, apparently, 
to eliminate contradictory statements made in the first edition. 
On page 375, to cite only one example of statements that should 
have been eliminated, several Germans are listed as present mem- 
bers of an International Ferro-Tungsten Convention. 

The twenty pages that are devoted to the topic, ‘Tungsten 
Carbides,” appear superficially to be adequate for a book of this 
scope. Deficiencies in the treatment, however, are revealed by 





1Murpny, W. J., Chem. Eng. News., 25, 3633 (Dec. 8, 1947). 


close scrutiny. Temperatures are given without mentioning the 
scale. Strengths are given in kg./mm.? on page 213 and in 
‘psi’ on page 216, with no effort to interconvert. The anno- 
tated listing of patents is useful only for early work on cemented 
carbides, since it contains no references beyond 1933., It is 
followed by a serial list of U. S. patent numbers on the same 
topic, and this list ends abruptly on June 3, 1941. The thirty 
odd U. S. patents on cemented carbides issued subsequently are 
not included. Some of tlfe theories of the structure of cemented 
tungsten carbides are mentioned, but not those of Dawihl and 
Hinnuber published in 1943. Even more surprising, no reference 
is made to the classic work of Takeda in 1936 on the equilibrium 
diagram of the W-C-Co system. In the chapter on “Substitution 
of Tungsten,” pages 357-358, no mention is made of the adapta- 
tion by the Germans of vanadium carbide-titanium carbide tool 
tips to replace tungsten carbide, a topic discussed in detail in the 
earlier sections. The usefulness of these sections on cemented 
carbides, thus, is seriously impaired by the lack of completeness 
and the rather undigested and unconsolidated manner in which 
the revision has been accomplished. Readers have a right to 
expect more in books that have been “revised.” 

Other sections could be taken apart and their deficiencies 
similarly revealed, but no additional purpose would be served. 
Typographical errors, like the spelling of zirconiumin on page 
180, and the use of the word eluvial for alluvial on page xii, might 
be enumerated. A more serious defect of the book, that in the 
eyes of the reviewer is more important to mention, is the lack of 
modernity in the chemical concepts. No attempt is made to 
correlate the very complex chemical behavior of tungsten with the 
structures of its compounds. No advantage has been taken 
of the rapid strides made in recent years in the theories of inorganic 
chemistry. The reviewer would not turn to this book with con- 
fidence of finding up-to-date answers either of a factual nature 
or of theoretical interpretations. This should not be true 
of A. C. S. monographs. 


LAURENCE S. FOSTER 


WATERTOWN ARSENAL LABORATORY 
WATERTOWN, MASSACHUSETTS 


& PARAMAGNETIC RELAXATION 


C. J. Gorter, Professor of Experimental Physics in the University 
of Leyden (Netherlands). Elsevier Publishing Company, Inc., 
New York, 1947, vii + 127pp. 14.5 X 20.5cm. $2.25. 


Paramagnetic relaxation is shown by the frequency dependence 
of paramagnetism in transition group substances, especially at 
low temperatures. One never knows when some less familiar 
branch of physics will emerge as a useful tool in chemistry, but 
certainly the text of this carefully written and scholarly little 
book by Professor Gorter will appeal to no more than a handful 
of chemists in the world. The recent more spectacular advances 
in nuclear magnetism are not a part of Professor Gorter’s subject. 

But surely this little book should have an honored place in every 
library in the land; not so much for its subject matter, but for 
how it came to be written. It is a monument to those men 
who kept alive a slender thread of learning when almost all the 
other attributes of civilization seemed failing. Your reviewer 
takes the liberty of quoting the first paragraph in Professor 
Gorter’s Preface: 

The greater part of the present monograph was written dur- 
ing the winter of 1944-45 known in Holland as “starvation 
winter.” At that time the densely populated Western part of 
the Netherlands was cut off from the South by the fighting-line 
and from the East by a broad zone of German military posts. 
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Owing to the German drives for slave-workers it was often risky 
for men under forty to go about in the streets; only very urgent 
duties and the necessity to procure food or wood for fuel could 
induce them to leave their houses. In spite of-this, however, 
scientific work was continued here and there. In the Zeeman 
Laboratory of the University of Amsterdam enough fuel was left 
for one room to still be heated, so that this building remained 
one of the few centers where research work was carried on. The 
news supplied clandestinely by the radio, run on the batteries of 
the laboratory, constituted also an attraction to the scientific 
and technical personnel. Owing to the absence of electricity 
and gas activities were mostly of a theoretical nature: writing 
theses, discussing theoretical problems, designing, calculating 
and working out previous observations. Though from an ob- 
jective point of view the value of this work was perhaps not 
outstanding, it helped people to rid themselves for a time of the 
daily obsession and anxiety about food, warmth and the slow 
progress of the war and to hold their own as self-respecting scien- 
tific workers. 


P. W. SELWOOD 


NORTHWESTERN UNIVERSITY 
EvANSTON, ILLINOIS 


@ PRINCIPLES OF CHEMISTRY 


Joel H. Hildebrand, Professor of Chemistry, The University of 
California. Fifth Edition. The Macmillan Company, New York, 
1947. x + 446 pp. 77 figs. 51 tables. 145 X 22 cm. 
$4.25. 


Reviewine the fifth edition of Professor Hildebrand’s dis- 
tinctive book is like coming home after a long journey. Even 
before looking inside one knows the modern warmth, light, and 
compactness he will find. Inside, one is far from disappointed; 
new furnishings are there, carefully placed to blend with, com- 
plement, or replace the old. The warmth, light and compactness 
are there, too, with the same broad windows looking out over 
clear vistas. 

Professor Hildebrand summarizes his teaching philosophy in 
discussing, on pages 80 and 81, the three ways of presenting the 
subject: The logical, the chronological, and the psychological. 
It is implicit in a further statement of his appearing elsewhere, 
“ .. the ability (of the student) to do something difficult is 
developed not by having it expounded but by first-hand effort 
and practice. The role of the learner must be an active one.” 
Here, one cannot miss the opportunity to express a vigorous 
“Amen’’—and the hope as well that before another generation of 
college teachers has passed we will have implemented this phi- 
losophy on a far broader front in all of college education. 

The psychological approach is used as the best means of making 
the student’s role an active one. While one might take issue 
with the implied assumption that a psychological approach dis- 
bars, @ priori, either the logical or the chronological, the fact 
remains that he has developed and used it with more than note- 
worthy success. 

As in previous editions the emphasis is on the “structure” of 
chemistry. This is sound pedagogy, particularly in a day when 
it has become hopeless to ‘cover’ descriptive chemistry as well 
as “structure” in a first course. The book, indeed, comes 
humanly close to “perfection as a goal” even though the author 
modestly denies the achievement. 

While the handling of historical material is necessarily re- 
stricted, it is nevertheless not neglected and is used where it will 
contribute to better understanding. One might question, how- 
ever, the interpretation of the Chemical Revolution presented on 
page 12. Although Priestley is a discoverer of oxygen, it is indeed 
a new interpretation to say that he discovered it, “by forming 
mercuric oxide by heating mercury in air then decomposing it 
in a vacuum at higher temperatures....”” Nor did the assump- 
tion that phlogiston might have a negative weight play any 
significant part in Lavoisier’s great work. Again, on page 64, 
it might be helpful to the student to understand a little of why 
Avogadro’s great work was not accepted until revived by Can- 
nizzaro in 1858. 
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Aside from a few such matters which impress this writer far 
more than they would the student, there is nothing to criticize 
and much to praise. Wisely, I think, Professor Hildebrand is 
‘not in favor of ‘going Brénsted’ in the freshman course.” 
Nevertheless, he devotes an excellent later chapter to acid-base 
systems which it will pay the better student to explore carefully 
if only to discover for himself that definitions increase in com- 
plexity about.as the square of the understanding. In a few 
brief paragraphs he handles without fanfare the wartime develop- 
ments in nuclear fission. Graphs, line drawings, tables, and 
photographs are used only as they serve to clarify the text. 
The publishers have done a pleasing job even though forced to 
use paper well below the standards of prewar editions. 

The book is too well known to require either introduction or 
recommendation. It does both for itself far better than elaborate 
words of praise could do. It need only be added that the new 
edition enhances in no small measure the very enviable reputation 
already established by its predecessors. 


SIDNEY J. FRENCH 
Coua@atEe UNIVERSITY 
Hamitton, New York 


oe) YALE SCIENCE, THE FIRST HUNDRED YEARS, 1701- 
1801 


Louis W. McKeehan, Professor of Physics and Director of the 
Sloan Physics Laboratory, Yale University. Henry Schuman, 
Inc., New. York, 1947. x + 82pp. 12.5 xX18.5cm. $2.50. 


IN THE early days of the oldest universities in this country 
presidents and tutors were primarily concerned with preparing 
young men for the ministry. However, as centers of culture in 
the communities they served, these clergymen were interested in 
astronomy, Newtonian mechanics, and the compilation of al- 
manacs. Dr. McKeehan presents the story of the beginnings of 
interest in science at Yale College using material gathered from 
original sources. His book will serve well as a prelude to the 
study of the development of science in this country. 


JOHN A. TIMM 
Simmons CoLuEeGE 
Boston, MASSACHUSETTS 


oe ORGANIC SYNTHESES. VOLUME 28 


R. L. Shriner, Editor-in-Chief. John Wiley & Sons, Inc., New 
York, 1947. vi+12lpp. 15.5 X 23.5cm. $2.25. 


Tus is the 27th annual publication of the series of recom- 
mended methods for the preparation of selected organic com- 
pounds, which illustrates useful and practical methods of syn- 
thesis. This volume, as previous ones, gives the equations 
for the reactions, procedures for production with accompanying 
notes, and other methods of preparation for 39 different organic 
compounds. The directions have been contributed by 52 
different collaborators in addition to members of the Editorial 
Board. The suggested directjons have been further checked or 
verified by competent referees. Preparations are listed under the 
names which are used commonly for the compounds. For the 
convenience of those who wish to make a complete survey of the 
literature on any preparation, the Chemical Abstracts indexing 
name for each compound is given as a subtitle where that name 
differs from the title of the preparation. The cumulative subject 
index comprises all material included in Volumes 20 to 27, in- 
clusive, of this series. 

Methods for the preparation of the following compounds are 
included: 6-alanine, 6-aminopropionitrile and bis-(6-cyanoethyl)- 
amine, benzalacetone dibromide, biallyl, a-bromobenzalacetone, 
tert-butylamine, carboxymethoxylamine hemihydrochloride, deca- 
methylenediamine, diethylaminoacetonitrile, dihydroresorcinol, 
3,5-dimethyl-4-carbethoxy-2-cyclohexen-l-one and 3,5-dimethyl- 
2-cyclohexen-l-one, 1,5-dimethyl-2-pyrrolidone, 2,3-diphenylin- 
done (2,3-diphenyl-l-indenone), 2,4-diphenylpyrrole, ethyl a- 
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isopropylacetoacetate, 4-ethylpyridine, glycolonitrile, 5-hydroxy- 
pentanal, isatoic anhydride, 6-methoxy-8-nitroquinoline, 1- 
methyl-2-imino-§-naphthothiazoline, N-methyl-1-naphthylcyan- 
amide, 1-methyl-1-(1-naphthyl)-2-thiourea, mucobromic acid, 
m-nitrodimethylaniline, 3-penten-2-ol, y-n-propylbutyrolactone 
and §-(tetrahydrofuryl)-propionic acid, pseudothiohydantoin, 
rhodanine, stearolic acid, tetraiodophthalic anhydride, m-thio- 
cresol, o-toluic acid, p-toluic acid, o-toluidinesulfonic acid, and 
1,3,5-triacetylbenzene. 

This volume measures up in content, organization and me- 
chanical features to the high standard of the earlier members of this 
series. The work should prove to be an equally helpful con- 
tribution to various processes calling for simplified and improved 
methods of organic synthesis. 


RALPH E. DUNBAR 
Norts Daxota AGRICULTURAL COLLEGE 
Farco, Nortu Dakota 


e LABORATORY HANDBOOK FOR GENERAL 
CHEMISTRY 


Roland M. Whittaker, Associate Professor of Chemistry, Queens 
College, and Alexander P. Marion, Assistant Professor of 
Chemistry, Queens College. Remsen Press Division, Chemical 
Publishing Co., Inc., Brooklyn, New York, 1947. v + 363 pp. 
23 figs. 20X 28cm. $3.50. 


Tuis is a thick (2.5-cm.), paper-covered manual spirally bound 
in two sections with 32 units each followed by perforated sheets 
on which the student reports answers and data. There are also 
six elementary discussions on (a) radioactivity, atomic structure, 
valenee, and periodicity (12 pages); (6) solutions and their 
properties (10 pages); (c) theory of ionization and its applica- 
tions (9 pages); (d) oxidation-reduction (8 pages); (e) foods 
(5 pages); and (f) consideration of ionic equilibrium (11 pages). 

The manual presupposes an early knowledge of chemical 
arithmetic; for example, in the second unit students are asked to 
derive the simplest formulas from percentage-composition data. 


S. B. ARENSON 


1884 Laure, Canyon BouLEVARD 
Ho.tiywoop, CALIFORNIA 


* NUCLEAR PHYSICS 


C. F. Powell and G. P. S. Occhialini, The H. H. Wills Physical 
Laboratory, University of Bristol. Oxford University Press, 1947. 
viii +124 pp. 16 X 24.5cm. $6. 


Ever sINcE Becquerel discovered radioactivity by observing 
the fogging action on photographic plates this method has been 
used in studying nuclear processes. Like the cloud chamber 
techniques, photographic emulsions give a graphic-record of the 
events that befall a high energy particle provided the density of 
ionization produced along its trajectory is sufficient to produce 
a track. 

This book on “Nuclear Physics in Photographs” is built around 
a collection of photomicrographs of the tracks of charged par- 
ticles in special photographic emulsions developed for the purpose. 
The plates are displayed in groups, each of which illustrates a type 
of observation that can be made by this method. These include 
the study of natural alpha-emitters, the scattering of protons, 
the measurement of neutron energy by proton recoils, induced 
nuclear reactions, the reactions of mesotrons, and others. The 
subjects covered by the plates include such recent developments 
as the work with the Berkeley 184-inch synchrocyclotron. 

The book contains 50 plates almost all of which are of full 
page size. The selection and reproduction are excellent and the 
ease of study is enhanced by the presence of the interpretation 
of each plate on the same page. The text preceding each group 
of plates consists of a brief and simple acvount of the nuclear 
processes which are to be illustrated. In a similar vein is a 


group of short sections at the start of the volume giving some 
background information on the nature of radiation, nuclear 
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structure, mass and energy equivalence, and a few other general 
topics. While the bulk of the book is entirely descriptive there 
are 15 pages of appendices which go into some of the quantitative 
aspects of the interpretation of nuclear particle tracks. 

The entire book including the plates is only 124 pages in length 
so that it is not to be expected that the treatment of the subject 
is exhaustive. The volume as a whole can be recommended to 
those who have no background in nuclear science while the plates 
comprise a collection that should be valuable to anyone working 
in the field. As a reference book to accompany instruction in 
nuclear physics and chemistry this little volume should be very 
valuable. 


I. PERLMAN 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 
€ SEMIMICRO EXPERIMENTS IN GENERAL 


CHEMISTRY 


Jacob Cornog, Assistant Professor of Chemistry, University of 
Iowa. Ginn and Company, Boston, 1947. vi + 217 pp. 40 
figs. 20 X 28cm. $2.20. 


Tuts loose leaf book provides 41 short experiments and their 
report sheets, sufficient for one term of two laboratory periods 
per week. The apparatus is semimicro in size (and cost) and 
can be used in the second semester for semimicro qualitative 
analysis. The experiments in the main are quite simple and 
many of them give too many hints or even answers. There are 
more experiments involving numerical answers than one finds 
normally in a book of this kind; no doubt the use of semimicro 
equipment permits these experiments to be made quickly and 
with a fair degree of accuracy. However, the many experiments 
involving titrations are performed by use of a medicine dropper 
and a 10-ml. graduated cylinder, while several other experi- 
ments neglect vapor pressure data. 


8. B. ARENSON 
1884 Laure, Canyon BouLEvARD 
Ho.iitywoop, CALIFORNIA 


6 TIME AND THERMODYNAMICS 


A. R. Ubbelohde. Oxford University Press, New York, 1947. 
vi + 110 pp. 14X19.5cm. $2.25. 


Because it is hard to determine the purpose of this book and to 
whom it is addressed, its evaluation is difficult. If the book is 
intended for the reader who has no specialized background, its 
terminology is not treated adequately. Knowing the difficulty 
students who are prepared have with thermodynamics, one 
might say that the task of explaining the subject to the general 
reader is an almost impossible one. Probably the author does 
it about as well as anyone could. 

For the student and teacher, there are well-presented analogies 
which may prove of value; for example, the discussion of entropy 
and probability in terms of the number of occupied seats in a 
theater. On the other hand, the same confusion still to be found 
in a number of textbooks between internal energy and heat, 
and between a spontaneous change and the process by which it is 
carried out, is also encountered in this book. 

Perhaps more serious is the omission of any discussion of the 
work of E. A. Milne. In a book that stresses the connection 
between time and the Second Law of Thermodynamics, such an 
oversight seems inexcusable, first, because Milne has shown that 
the Second Law as stated in terms of entropy cannot be valid for 
the whole universe, second, because of Milne’s demonstration 
that our picture of the cosmos depends upon a choice between 
two time-keeping systems. 

However, the book is well written, and it is sufficiently novel 
so that most students of thermodynamics can read it with interest. 


W. F. LUDER 
NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 
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MAY, 1948 
2 BENJAMIN SILLIMAN, PATHFINDER IN AMERICAN 
SCIENCE 


John F. Fulton, Sterling Professor of Physiology and Chairman 
of the Advisory Board of the Historical Library of the School of 
Medicine, Yale University, and Elizabeth H. Thomson, Research 
Assistant. Henry Schuman, Inc., New York, 1947. ix + 294 
pp. 24figs. 14 X 2lcm. $4. 


ScreNcE has progressed far since the day in July, 1801, when 
President Dwight offered to a young student of the law Yale’s 
first professorship of chemistry and natural history with the 
assurance: “I could not propose to you a course of life and of 
effort which would promise more usefulness or more reputa- 
tion.... In the profession which I proffer to you there will be no 
rival here. The field will be all your own.... You will ad- 
vance in the knowledge of your profession more rapidly than 
your pupils can follow you, and will be always ahead of your 
audience.” ; 

In this career, that was brought to a close when he retired in 
1853 after over a half century of service, he made no remarkable 
original contributions, but his influence on the development of 
science in this country was tremendous. He was the first to 
teach geology in America. The Yale Medical School was or- 
ganized primarily through his efforts. In 1818 he published the 
first issue of the American Journal of Science and sustained it as 
its editor with his own resources for twenty years until he was 
succeeded by his son. He was the founder of the Peabody 
Museum and the first college gallery of art. His efforts created 
the first graduate school in this country and also led to the 
establishment of the Sheffield Scientific School. 

He was so successful as a teacher even as a young man that a 
member of the Yale Corporation, the Reverend Dr. Ely, was 
moved to say, ‘‘Why, Domini, is there not danger that with these 
physical attractions you will overtop the Latin and the Greek?” 
To which Silliman replied, ‘Sir, let the literary gentlemen push 
and sustain their departments: it is my duty .to give full effort 
to the sciences committed to my care.” 

The authors not only tell the story of the life of Yale’s first 
great teacher of science but also weave into their story the de- 
velopment of science and higher education during the first half of 
the nineteenth century both in this country and abroad. Itisa 
book that all students of the history of science and Yale men 
everywhere will enjoy reading. 


JOHN A. TIMM 


Simmons COLLEGE 
Boston, MAssACHUSETTS 


@ ORGANIC CHEMISTRY 


Paul Karrer, Professor at the University of Zurich. Translated 
by A.J. Mee, Head of the Science Department, Glasgow Academy. 
Third English edition. Elsevier Publishing Company, Inc., New 
York, 1947. xx+ 957 pp. xxiv tables. 16 X 25cm. $8.50. 


In our modern education, the painful though necessary attain- 
ment of a reading knowledge of German consumes the time and 
dampens the ardor of the youthful student. Accordingly, the 
appearance of the English translation of Professor Karrer’s great 
“Lehrbuch” not only merits the close attention but also the ap- 
plause of students of organic chemistry. 

The choice of subject matter and the arrangement of material 
will arouse the esteem and sustain the interest of novice and 
teacher alike. Indeed, the masterful consideration of such a 
tremendous range of materials tempts one to the whimsical ob- 
servation that this book is a poor man’s Beilstein. 

“This aim was to provide students with a textbook of organic 
chemistry of medium size, which would give them a survey of the 
ever-increasing body of facts. To make the problems of organic 
chemistry more easily understood, and to make the subject more 
real and live, special attention has been paid in all chaptérs to the 
description of methods of synthesis and of determining the con- 
stitution of organic compounds. The methods of producing the 
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majority of the compounds dealt with are described, and the 
proofs of their constitution and configuration are thoroughly dis- 
cussed. Many problems of stereochemistry, which at present 
command considerable interest, are, on that account, particularly 
fully dealt with. 

“A textbook of moderate size must inevitably be limited in 
certain directions in order that other questions may be dealt with 
more fully. In this book, the chemistry of naturally occurring 
substances, and biochemical topics have been particularly em- 
phasized. These topics have been the center of interest in the 
last decade. As the book deals with the more important com- 
pounds of biological interest, it should be of value also to stu- 
dents of medicine.”’ 

The inclusion of a generous amount of information on natural 
products goes far to illuminate and adora this survey of organic 
chemistry and imparts life and spirit to the picture. 

From a careful study of this work, students will derive a benefit 
which reflects the purest luster on the ability and genius of Karrer 
and his translator. 


GEORGE HOLMES RICHTER 


Tue Rice INstTITUTE 
Houston, TEXas 


& MAKROMOLEKULARE CHEMIE UND BIOLOGIE 


Hermann Staudinger, Professor and Director of the Chemical 
Institute of the University at Freiburg. i. Br. (Germany) and of the 
Research Department for macromolecular chemistry. Wepf and 
Co., Basel, Switzerland, 1947. 160 pp. 15 X 20.5 cm. SFr. 
18.—($3.06). 


THE main purpose of this most recent contribution of the 
internationally known German organic chemist to scientific 
literature is to offer a link between macromolecular and biological 
chemistry. The book is divided into twenty-two chapters 
which cover in considerable detail the latest micelle theories, 
proof for macromolecular structures, macromolecular natural 
products, their identification, constitution, shape of macro- 
molecules, viscosity of colloidal solutions, swelling of macro- 
molecular substances, and the rubber-like elasticity of fibrillar 
macromolecules. With the exception of the last two chapters, 
“What is Life?” and “Life on earth is only once,’ which are 
highly philosophical speculations and do not fit too well in a 
text on macromolecular chemistry, this book should be read by 
anyone who understands the German language and is interested 
in organic and colloid chemistry, biology, and medicine. A 
translation into English should be taken into serious consideration. 


ERNST A. HAUSER 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


o CHARACTERIZATION OF ORGANIC COMPOUNDS 


F. Wild, Downing College, Cambridge University Press, London; 
The Macmillan Company, New York, 1947. viii + 306 pp. ll 
figs. 65tables. 15 X 22.5cm. $3.75. 


WILD’s BOOK is not a college textbook to be used for a course 
in qualitative organic analysis. He assumes that the student 
already knows how to classify organic compounds from his 
elementary courses and hence only four and a half pages are 
included on this subject. The separation of mixtures is treated 
in three more pages. 

Instead, the book is designed for the advanced student and 
research worker. It “summarizes every important general 
method” (through 1945) which has been used for the purpose of 
making derivatives of a given homologous series. The real value 
of the book is in the practical hints that are given on what to do if 
the derivative fails. The writer has not seen this done so ex- 
tensively in any other text. There are hints also on the use of 
solvents that are not in other books on the subject. 
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Methods of preparation of all reagents are either given in 
detail or the original reference to the literature is given. 

Compounds are listed conveniently in tables in order of in- 
creasing boiling point or melting point, and the arrangement of 
homologous series is that used as the order of study in most 
organic textbooks. In general, although more derivatives are 
listed than in American texts on identification of organic com- 
pounds, fewer compounds are included. For example, one 
prominent text lists 10 derivatives of 146 alcohols while Wild has 
14 derivatives of 57 alcohols; in the same book are 98 phenols and 
13 derivatives while Wild has 58 phenols and 18 derivatives. 

The author index includes all men whose papers on identifica- 
tion are included in the text. There is an adequate subject 
index. 

This book will be placed on our reference shelves at once. 


LEALLYN B. CLAPP 
Brown UNIVERSITY 
PROVIDENCE, RHopE IsLAND 


€ THE CHEMISTRY AND TECHNOLOGY OF 
PLASTICS 


Raymond Nauth, Consultant in Plastics, Ray Metal Company, 
Detroit. Reinhold Publishing Corp., New York, 1947. viii + 
522 pp. 278figs. 7Otables. 14 XX 22.5cm. $9.50. 


Tus is another textbook resulting from a course in plastics 
for workers in World War II industries. It is organized in the 
usual pattern for a comprehensive survey of the subject: sections 
on thermosetting, thermoplastic, and cellulose plastics; chapters 
on synthetic rubber, resin-bonded plywood, and mold design 
and equipment. 

This book includes, or is largely based upon, technical data, 
information, and photographs supplied by manufacturers in the 
plastics field. The author, in his acknowledgments, refers to 
this cooperation as the release of new and restricted material. 
However, for example, the “release’’ on ‘“‘Cycleweld,”’ covering 
more than four pages of text, presents elaborate claims of accom- 
plishment of this method of bonding but no details on what it is 
or how it is to be used—that is, its chemistry and technology (cf. 
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title of book) are omitted. The “new” method of. producing 
phenolic resinoids is illustrated by a flowsheet reproduced from 
an article published in 1927. Some of the details relating to 
cast phenolic resins are inaccurate—at least for the major produc- 
tion of this type of resin. 

In general, this book is characterized by the uninhibited en- 
thusiasm of the author for the marvels and potentialities of 
plastics rather than by a clear, scientific presentation of the 
chemical and mechanical processes of the industry. The author’s 
expression often suffers from loose construction and his meaning 
is frequently obscure. 

Much of the material found in this volume is excellent for 
reference or instruction. Its reliability is limited by the presence 
of numerous inaccuracies or the lack of adequate proofreading. 
Glaring evidences of the latter are the impossible structural 
formulas, p. 201 (final), p. 231 (both), and the footnote on p. 
221. 


H, A. NEVILLE 
LexigH UNIVERSITY 
BrTHLEHEM, PENNSYLVANIA 


& LABORATORY EXERCISES IN INORGANIC 
CHEMISTRY 


W. Norton Jones, Jr., Professor of Chemistry, Colorado State 
College of A & M Arts, Fort Lewis Branch, Hesperus, Colorado. 
The Blakiston Co., Philadelphia, 1947. 315 pp. 20 X 28 cm. 
20 figs. 


Tuts paper-covered manual includes 50 exercises which, as the 
author states, are not original and which are, for the most part, 
those generally used in freshman work. The last 208 pages are 
devoted to problems for each exercise. Many of the experi- 
ments to be performed by the student would duplicate those seen 
by him in the demonstrations normally performed by the teacher 
during the lecture period. 


. S. B. ARENSON 
1884 Laure, Canyon BouLEVARD 
Houiywoop, CALIFORNIA 





THE ROLE OF ELECTRONS IN INTERATOMIC RELATIONS 
(Continued from page 295) 


copper-zinc system. Here copper is assigned a valence 
of 1 and zine 2, consistent with their places in the 
Periodic Table. These odd valence electron-atom 
ratios have recently been accounted for by the zone 
theory of metals,‘ referred to previously. 

The question is sometimes asked, “How does one 
assign valence numbers to the elements in intermetallic 
combinations, 7. e., alloys?”’ An examination of some 
approximate formulas, such as the ones just given, 
Cu;Zng, CuZn;, will serve to show that no valence 
numbers can be here conceived which would be at all 
consistent with the numbers assigned to the same ele- 
ments in ionic or covalence compounds. This is not 
surprising, for few actual compounds exist in alloy 





4 Mort, N. F., ann H. Jonzgs, “Theory of the Properties of 


Metals and Alloys,” Oxford University Press, 1936, Chapter V. 


systems, solid solutions being the rule, and thus the 
term valence, in the sense in which we usually use it, is 
not applicable. 

In concluding these remarks on the role of electrons 
in interatomic relations, I believe that not all of what 
has been said should be told “to our kids first thing in 
the morning” but I think most of it should be in our 
minds when we do present the subjects of atomic and 
molecular structure to our students on whatever level 
that may be. By keeping a reserve store of informa- 
tion we fortify our own thinking, bolster our own con- 
victions, and are ready to cope with such questions as 
are asked by our more intelligent students. True 
this requires constant attention to the literature, a 
constant “keeping on your toes,” but I believe the 
good teachers of chemistry are just the ones who: find 
that easy to do. 











Ernst Cohen 


Relief Portrait to Commemorate. His Retirement in 1939 at the Age of 70 at the University of Utrecht 
(See page 302) 
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Te pRINcIPLEs of chemistry and economics have 
something in common. Perhaps the similarity is the 


result of fundamentals which include both fields, and 
many others. 

The similarity is in the “driving force” which makes 
possible continuous processes, chemical or economic. 
A chemical reaction is spontaneous and continuous, 
without help from the outside, only when it proceeds 


with the decrease of free energy. Of course, the energy 
lost by the system is gained by the surroundings, so that 
the whole process is accompanied by loss or gain depend- 
ing upon the direction from which we choose to look at 
it. The closely related concept of entropy is so defined 
that there is always an increase of it in spontaneous, con- 
tinuous processes. 

Economic processes are similarly spontaneous or con- 
tinuous only when they are accompanied by a gain. 
This is quite aside from the personal question, ‘“Who 
gets the gain?” ‘The answer to that is as closely de- 
pendent upon the conditions of the process as are the 
energetics of a chemical reaction. No doubt this is ele- 
mentary and well known to the economists, but I dare 
say few chemists have stopped to think of it. 

From there on the argument begins, of course—just 








as there are several possible kinetic mechanisms of a 
chemical reaction, after the establishment of the funda- 


mental thermodynamics. 


The “profit motive,’ in either chemistry or eco- 
nomics, may be applied in different ways. Whether 
the gain accrues to the individual on the investment of 
savings (capital) or to society, which guarantees the 
process by its financial solvency and somehow distri- 
butes the gain among individuals, still there must come 
out of the process more than was put in, or else every- 
thing bogs down and stops. 

It has been estimated that it costs $24,000 to estab- 
lish a job for a person. This is obtained by dividing 
the average invested capital by the number of em- 
ployees. If the figures are correct, we may put it sim- 
ply by saying that someone must dig up this much 
money and put it on the line before a man can go to 
work, and it makes no difference whether it comes out of 
one man’s savings account or from the governmental 
budget. But the good old free-energy-profit-motive is 
the guiding factor. 

’ From here on you can argue abeut capitalism vs. 
socialism, or communism, if you want to. But here is 
where I get off. 








% DR. ERNST COHEN AS HISTORIAN OF 


CHEMISTRY’ 





The publication of this paper was delayed, pend- 
ing the preparation of the following one on the life 
and works of Ernst Cohen. Dr. Browne’s unfortu- 
nate death, while this was in progress, led to the 
third paper, on his own activity as an historian of 
chemistry. The three papers are appropriately 
published here together. 











HE recent announcement of the tragic death of 

Dr. Ernst Cohen, professor emeritus of physical 
and inorganic chemistry at the University of Utrecht, 
in a German concentration camp in 1944, brought grief 
aud indignation to hundreds of his friends in all parts 
of the world. He was especially well known in the 
United States. His impressions of our country, formed 
chiefly during his visit in 1926 at the Fiftieth Anni- 
versary Meeting of the American Chemical Society, 
when he was made one of its honorary members, were 
published in 1928 as a book with the title, “‘Impressions 
of the Land of Benjamin Franklin.’’? Cohen’s ad- 
dresses before our Society, his introductory lecture as 
the first incumbent of the nonresident lectureship in 
chemistry at Cornell, and his numerous speaking en- 
gagements at Columbia and other universities made him 
personally known to hundreds of American chemists, 
some of whom had not yet become familiar with his 
researches on allotropy and piezo-chemistry, the special 
branches of physical chemistry for which he is best 
known. 

American chemists are not so well acquainted, how- 
ever, with Cohen’s contributions to the history of 
chemistry, yet it was in this field, both as student and 
teacher, that he had a dominant interest. In his Cor- 
nell address, when speaking of the desirability of a stu- 
dent forming a library, Cohen remarked: 


In this library he should find a place for books which treat of 
the history of science, as well as for those which I should like 
to call the “‘belles lettres” of science. . . . Historical studies are 
part and parcel of a scientific education. Ernst Mach, with many 
others, has not only drawn attention to this fact, but, suiting 
the action to the word, has left us many an éssay which bears 
witness to the truth of this statement. The man who studies the 
history of science will get a better insight into the problems that 
are nowadays a center of interest; nay, he will be convinced 
that: 





1 Presented before the Division of Chemical Education at the 
109th meeting of the American Chemical Society in Atlantic 
City, April, 1946. 

2 The titles of Cohen’s publications in Dutch are given in 
English translations. 


Cc. A. BROWNE 
U. S. Department of Agriculture, Washington, D. C. 


‘’tis delightful to transfuse yourself 
into the spirit of the ages past; 
to see how wise men thought in olden time.” 


And when he reads the biographies of those ‘“‘wise men,”’ in which 
are described the ways in which knowledge was obtained, and in 
,which the obstacles are shown which had to be conquered, he 
will learn to think humbly of himself and not overrate his own 
accomplishments. 


The passage quoted, with its stress upon the impor- 
tance of a student forming a private library that has a 
place for books dealing with the historical and cultural 
aspects of his science and with its emphasis on bio- 
graphical values, is an index of Cohen’s own proclivities. 
He was a most assiduous collector of books, prints, 
portraits, and other memorabilia pertaining to the lives 
of chemists, not only of the most eminent but also of 
those little known. He possessed some twelve hundred 
different portraits of chemists with which he decorated 
the walls of the laboratories, lecture rooms, offices, 
and hallways of the beautiful van’t Hoff Laboratory 
for Physical Chemistry of which he was director. He 
hoped, by always surrounding his students with the 
faces of great chemists, that they would acquire a love 
for the historical side of chemistry. He once admitted 
to me that he had not been wholly successful in this, 
and then inquired what results had followed the efforts 
of Professor Edgar Smith, whom he knew and greatly 
admired, to promote in America an interest in the his- 
tory of chemistry. I told him that Professor Smith, 
when lecturing on this subject, could draw large au- 
diences, but it was the magnetism of his wonderful per- 
sonality more than in interest in the historical aspects 
of chemistry that usually filled the room, and that since 
his passing the movement had languished considerably 
in America. 

Among other historic memorabilia Cohen had a fine 
collection of the medallions of famous chemists, of 
which he praised those by French craftsmen as supreme 
in artistic merit. He was especially interested in the 
cartoons and caricatures of chemists, and his collection 
of these was probably one of the most complete ever 
assembled. The Dutch fondness for the realistic type 
of picture was shared by Cohen. He had upon the wall 
of his library a framed copy of Gillray’s famous carica- 
ture of a pneumatic experiment, in which Dr. Thomas 
Garnett is shown administering laughing gas to Sir 
John Hippesley before a fashionable London audience. 
He ridiculed the prudishness of some museum directors 
in concealing the essential feature of this highly 
humorous, although somewhat vulgar, cartoon. 

In my exchange of history of chemistry reprints with 
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Dr. Cohen, I acquired some 
50 of his contributions 
which comprise, however, 
only about two thirds of the 
total number of articles 
which he wrote in this field. 
These 50 copies constitute, 
however, a good representa- 
tive sample sufficiently large 
to help us form a fair esti- 
mate of his work as a his-- 
torian of chemistry. 
Cohen’s interest in the 
history of chemistry, like 
that of Professor Edgar 
Smith, was largely biogra- 
phic, for it was not so much 
upon the history of chemical 
theories as upon the lives 
of the men who made dis- 
coveries in chemistry that 
his attention was chiefly 
focussed. And as Professor 
Smith interested himself 
first in Robert Hare and 
other Philadelphia chemists, 
secondly in chemists belonging to other parts of 
America, and thirdly in chemists of foreign countries, 





RELIEF PorTRAIT OF J. H. vAN’T HOFF ON THE WALL OF 
THE VAN’T HOFF LABORATORY FOR PHYSICAL CHEMISTRY AT THE 
UNIVERSITY OF UTRECHT 


Top Row: Kruyt, Henri, Cohen. 








GROUP WITH COHEN AND KRUYT AT THE INTERNATIONAL CHEMICAL MEETING OF 1921 IN UTRECHT 


Bottom Row: van Romburgh, Wegscheider, Walden, Schenck, 
Biilmann, Donnan. 


so Cohen devoted his attention chiefly to van’t Hoff 
and other chemists associated with his own University 
of Utrecht, secondly to chemists belonging to other 
parts of the Netherlands, and thirdly to chemists of 
foreign countries. It is under these three divisions 
that we can discuss most conveniently the history-of- 
chemistry publications of Cohen. 


COHEN’S INTEREST IN THE HISTORY OF UTRECHT 
CHEMISTS 


Foremost among the chemical masters whom Cohen 
delighted to honor was his old teacher, J. H. van’t Hoff 
(1852-1911), under whom he had studied at Utrecht. 
Of the 50 reprints of Cohen’s historical articles that I 
possess, 15 are devoted to van’t Hoff. These com- 
prise (1) three obituary notices written immediately 
after van’t Hoff’s death in 1911, (2) several memorial 
and anniversary addresses, (3) various incidental 
sketches, such as ‘‘The account of van’t Hoff’s visit 
to the battlefield of Sedan in 1870,” published as 
Number V in his popular Chemisch Weekblad series 
entitled Chemisch-Historische Aanteekeningen (i. e., 
Chemical Historical Notes), (4) comparative studies of 
van’t Hoff’s part in the development of important 
chemical theories, such as his ‘Fifty Years in the 
History of a Chemical Theory”’ (in which the contribu- 
tions of van’t Hoff and Le Bel to the theory of chemistry 
in space are respectively described, and the personalities 
of these two chemists vividly pictured) and ‘‘A Half- 
century of Osmotic Pressure” (in which the work and 
personalities of van’t Hoff, Arrhenius, Ostwald, and 
other contributors to the theory of electrolytic dissocia- 
tion are described in the genial cosmopolitan manner so 
characteristic of everything that Cohen wrote). 
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CARICATURE BY AN UNKNOWN ARTIST OF GERRIT MOLL AND 
JoHN DALTON 


Another teacher who attracted Cohen’s attentions 
was Gerrit Moll (1785-1838), Professor of Natural 
Philosophy at Utrecht over a century ago. His tall 
frame, as contrasted with the low figure of John Dalton, 
was made the subject of an interesting cartoon that was 
acquired by Cohen in the course of his activities as a 
collector. The print bore only the legend, ‘Scene 
Royal Institution. Dedicated, but not with per- 
mission, to the British Association for the Advancement 
of Science,” with no indication as to the identity of the 
two persons represented. Cohen’s paper, “A Physical- 
Chemical Caricature’ (Utrecht, 1905), tells the story 
of how he proved them to be Moll and Dalton and 
determined the place of their meeting to be the Royal 
Institution of Edinburgh where the British Association 
met in September, 1834, at which time the two scientists 
with other celebrities were presented with the freedom 
of the city. 

Another Utrecht professor whose career interested 
Cohen was Gerardus J. Mulder (1802-80), who is best 
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known for his bitter controversy with Liebig regarding 
the chemical nature of protein, a word coined by Mulder 
to denote a wide class of nitrogenous plant and animal 
constituent, whose importance in nutrition he was 
among the earliest to recognize. Extracts from Mul- 
der’s highly resentful letters to him were included in a 
seven page pamphlet of Liebig’s entitled, “Zur Char- 
acteristik des Herr Professor Mulder in Utrecht,’ 
which he seems at first to have intended for publication 
in his Amnnalen, but afterwards withheld. Some 
recipients of the circular, however, had it bound in 
their Volume 62 of the Annalen contrary to Liebig’s 
stipulation that this was not to be done. One volume 
with this inclusion came to the notice of Cohen who, 
because of the ignorance among chemists of its exist- 
ence, republished it with an introduction in German in 
Volume 57 (June 15, 1938) of the Recueil des Travaux 
Chimiques des Pays-Bas under the title, ‘Briefe, die 
uns nicht erreichten. Blatter zur Biographie von G. J. 
Mulder.” 

It was Cohen’s intention after further research to 
publish a complete life of Mulder, who was the teacher 
of many noted chemists—among them the distinguished 
American agricultural chemist, John Pitkin Norton of 
Yale. Cohen told me, during my last visit with him in 
August, 1938, that no reliable biography of Mulder had 
yet appeared. Mulder had written an autobiography 
but so much of it was romance that it contained more 
Dichtung than Wahrheit. J. M. van Bemmelen’s 
review of Mulder’s work, he said, like many eulogies, 
was too much of arhapsody. The late Professor J. W. 
Gunning, a pupil and afterwards colleague of Mulder, 
intended to write a biography of him and collected 
much material for such a work. Gunning made the 
unpleasant discovery, however, that Mulder seemed to 
have altered some of his laboratory results. He there- 
upon abandoned the project of writing Mulder’s life 
and destroyed all his notes and papers. Cohen did not 


know the nature of the supposed alterations, his only 
source of information being the testimony of Gunning’s 
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son. He stated that according to tradition, Mulder 
was of a quarrelsome nature, his disagreements with 
colleagues of the University of Utrecht causing him to 
resign his professorship in 1868. 

To the series of Cohen’s sketches of Utrecht professors 
belongs also the one in German of the physiological 
chemist, Hartog Jakob Hamburger (1859-1924), pub- 
lished in 1908 with tributes by other colleagues in the 
Hamburger Festband der Biochemischen Zeitschrift. 
We must pass over this contribution, however, in 
order to consider one of the most intimate of Cohen’s 
chemical biographies, which is that of his pupil, the 
well-known colloid chemist, Hugo Rudolph Kruyt 
(1882-19--). This sketch, written in commemora- 
tion of the twenty-fifth anniversary of the conferring 
upon Kruyt of the degree of Doctor of Chemistry by 
the University of Utrecht, is a work of 47 pages, to 
which is added 22 more pages of a bibliography of 
Kruyt’s publications. Written in Cohen’s happiest 
vein, this beautifully illustrated appreciation of the 
life and work of his pupil, colleague, and friend will 
appeal especially to all American chemists who remem- 
ber Kruyt’s extensive lecturing trip in the United 
States in 1927, in which year he was also a guest of 
honor at the “Fifth National Colloid Symposium”’ at 
the University of Michigan on June 22;-24 of that year. 


COHEN’S INTEREST IN THE HISTORY OF OTHER 
NETHERLANDS CHEMISTS 


Cohen’s historical studies of chemists in other parts 
of the Netherlands were also extensive. The one of 
these having his greatest interest was Herman Boer- 
haave (1668-1738), who was a graduate of the Uni- 
versity of Leyden, which he served for 32 years as 
professor of medicine, chemistry, and botany. I have 
five publications of Cohen upon Boerhaave. The 
earliest of these is his well illustrated and very com- 
pletely annotated address on the 250th anniversary of 
Boerhaave’s birth, entitled, ‘Herman Boerhaave and 
His Significance for Chemistry,” which was printed in 
1918 in both Dutch and German. This contribution 
was followed 20 years later by another article entitled, 
“Recovered Manuscripts and Correspondence of Her- 
man Boerhaave,” published also in both Dutch and 
German. In my last visit with Cohen, he spoke of the 
discovery of these forgotten Boerhaave papers which 
had been carried to St. Petersburg by his nephew, 
Abraham Boerhaave, when he went to Russia in 1740 
to become Court Physician of the Czar. Cohen men- 
tioned that he had attempted to arrange for the pur- 
chase of this new Boerhaave material by the Dutch 
government, but was confronted with the difficulty 
that there were no diplomatic relations at the time 
between the Netherlands and the Soviet Republic. 

Shortly after my visit with Cohen he was successful 
in obtaining photographic copies of some of this Boer- 
haave correspondence, among which was a duplicate 
copy of a letter in the handwriting of Anton van 
Leeuwenhoek, which this famous Dutch naturalist 
had written to Boerhaave. Description, photo-repro- 
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duction, discussion, and German translation of this 
letter are given by Cohen in his article in the Proceed- 
ings of the Royal Netherlands Academy of Science for 
1939 under the title, ‘“‘Der vermisste Brief Antoni 
Leeuwenhoek an Herman Boerhaave vom 26 August 
1717.” 

Another famous scientist who corresponded with 
Boerhaave about the same time as Leeuwenhoek was 
Daniel Gabriel Fahrenheit, the inventor of the ther- 
mometer that bears his name. He was born in Danzig 
in 1686 and spent the last 12 years of His life in Holland, 
dying at The Hague in 1736; his career naturally at- 
tracted the attention of Cohen who published a 37 
page careful study of his life in The Proceedings of the 
Royal Netherlands Academy of Science for 1936. The 
letters of Fahrenheit to Boerhaave, 13 in number, were 
written from Amsterdam in 1718, 1719, 1720, and 1729 
and formed a part of the previously mentioned papers 
that Boerhaave’s nephew took with him to Russia in 
1740. The late brilliant historian of chemistry, Max 
Speter, made the conjecture that these papers might 
still exist in Leningrad, and as a result of his appeal 
to the Russian historian of chemistry, Professor B. 
Menschutkin (1874-19--), the missing documents were 
found. Photographs of Fahrenheit’s letters to Boer- 
haave made by Menschutkin were sent to Speter, who 
generously permitted Cohen to consult them, An 
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idea of Cohen’s extensive correspondence in preparing 
his life of Fahrenheit may be formed from the fact that 
he expresses acknowledgments to no less than 16 emi- 
nent scholars. 

After investigating the disputed question of ‘“Who 
was the first to burn a watch spring in oxygen?’’ Cohen 
concluded that the first to conduct this experiment 
were Lichtenberg and Pickel of Germany, who, how- 
ever, were only repeating a previous demonstration 
by the Dutch physician and chemist, Jan Ingen-Housz 
(1730-99) in which an iron wire was used [Janus, 14, 21 
(1909)]. 

In various’ papers Cohen stressed the great influence 
upon chemistry in the Netherlands of Willard Gibbs’ 
paper, ‘‘On the Equilibrium of Heterogeneous Sub- 
stances,’’ which was published in 1876 and 1878 in the 
little known Transactions of the Connecticut Academy of 
Arts and Sciences. The great significance of the paper, 
at first overlooked, was first grasped by van der Walls 
of Amsterdam under whose stimulus Bakhuis Rooze- 
boom (1854-1907) took up the subject and with the 
cooperation of F. A. H. Schreinemaker (1864—19--) 
and others of his students, gave the phase rule of Gibbs 
its most extensive applications. Cohen has given a 
history of the movement in his paper on “The Semi- 
Centenary of Willard Gibbs’ Phase Law,’’ 1876-1926” 
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(Science, December 24, 1926), and in his presentation 
of the Roozeboom Medal to Gustav Tammann on 
May 26, 1923 (Chemisch Weekblad, 1923, No. 21). 


COHEN’S INTEREST IN THE HISTORY OF SCIENCE 
OUTSIDE OF THE NETHERLANDS 


In a general paper on “Chemistry and Physics in 
the Time of Rembrandt (1607-69),’”’ Cohen sketched 
the influences of Bacon, Galileo, Pascal, Descartes, 
Guericke, Huygens, Newton, Leibnitz, and other 
scientists who were more or less contemporary with the 
artist, Rembrandt. In another contribution he adopted 
the opposite procedure of following the history of a 
single application of chemistry or physics through sev- 
eral generations of scientists. This was his paper, 
“From Boerhaave to Kammerling Onnes,” in com- 
memoration of the fortieth anniversary of Onnes’ 
appointment to his professorship at Leiden, in which 
the history of the artificial production of cold and the 
liquefaction of gases by experimenters in different coun- 
tries is traced down to the year 1908 when Onnes 
liquefied helium and attained the nearest approach to 
absolute zero. In this paper, and in his discussion of 
the question, ‘““‘Who first liquefied a gas?’ (Zeeman, 
Verhandelingen, 1935, pp. 395-402), Cohen revealed 
his characteristic:freedom from national bias by show: 
ing that the first liquefaction of a gas was not accom- 
plished with ammonia by van Marum (1750-1837) and 
Paets van Troostwijk (1752-1837) in the Netherlands, 
as some had supposed, but by Monge (1746-1818) 
and Clouet (1751-1801) in France with sulfur dioxide. 

We must pass over, with a bare mention, the sketches, 
obituaries, and anniversary tributes with which Cohen 
honored the memories of Black, Pasteur, Chatelier, 
Haber, and other chemists who were not Netherlanders. 
Two of his popular Chemical-Historical Notes are de- 
voted to Faraday. The first of these (Number 9 of the 
series), entitled ‘“‘Honderd Jaren Benzol,’’ relates to 
the centenary (1825-1925) of Faraday’s discovery of 
benzol. The title might seem misleading for, of the 17 
pages of this article, only four actually discuss Fara- 
day’s discovery. Cohen begins by quoting a few lines 
from Lord Byron, one of his favorite poets, as also of 
his teacher van’t Hoff, and proceeds to take up each 
of these wonders that excited wide attention in the 
time of Byron and Faraday, taking as his text the lines: 


What varied wonders tempt us as they pass— 
The cowpox, tractors, galvanism, and gas. 


The word ‘‘tractors’’ gives rise to an interesting three 
page discussion of the metallic tractors of the American 
quack doctor, Elisha Perkins (whose metallic plates 
for the treatment of inflammations and other ailments 
became a great fad in the London of the early nineteenth 
century), and affords Cohen an opportunity of insert- 
ing a cartoon by Gillray on the subject. The word 
“gas” in the quotation from Byron introduces the sub- 
ject of illuminating gas, a new art in Faraday’s time; 
and so Cohen, by gradual steps, finally arrives at the 
“Bicarburet of Hydrogen” or benzol that Faraday first 
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isolated and which later was produced in large quanti- 
ties as a byproduct of gas manufacture. Cohen’s 
second paper on Faraday (Number 13 of the Chemical- 
Historical Notes), entitled “‘Faraday’s Investigations 


of Table-turning,” is of the same discursive character - 


as the one on benzol. The reproductions of Faraday’s 
original exposés of table-tipping in letters to the London 
Times of June 30 and to the Athenaeum of July 2, 1853, 
are followed by a poetical discussion of Faraday’s re- 
port by Punch, a digression on the crystal-gazing of 
Dr. John Dee, and a passage from a letter ‘of the 
poetess, Elizabeth Barett Browning, who continued to 
believe in the delusions exposed by Faraday. 

These discursive rambles of Cohen in some of his 
more popular papers reveal a wide acquaintance and 
appreciation of the literature of foreign countries and 
are not to be condemned in a class of contributions 
which he intended to be as much diversional as scien- 
tific. 

Cohen was fond of tracing a chemical operation or 
experiment back to its original discoverer, as has been 
indicated by his papers on ‘‘Who first burned a watch 
spring in oxygen?” and ‘‘Who first liquefied a gas?” 
Another example of this ‘information please’ kind of 
title was paper No. 14 of his Chemical-Historical Notes 
on ‘‘Who first made use of the floating equilibrium 
method for determining the specific gravity of solid sub- 
stances?’ Cohen gives the credit for this to the Scotch 


chemist, Thomas Thomson (1773-1852), who deter- 
mined the specific gravity of ice at 32° F. by diluting 


alcohol with water until a mass of solid ice put into it 


remained in any part of the liquid without sinking or . 


rising. The specific gravity of the liquid, 0.92, was of 
course that of the ice. 

A sprightly spirit of good nature permeates all of 
Cohen’s. historical papers, especially those of a 
reminiscent character such, for example, as his article 
written to commemorate the twenty-fifth anniversary 
of the founding of the Netherlands Chemical Society 
in 1903 (No. 11 of his Chemical-Historical Notes) 
and his address, ‘‘Fifty Years of Revolution,” on retir- 
ing, May 26, 1939, at the age of seventy from his 
professorship at Utrecht. 

Next to the historical papers in his native language, 
Cohen published chiefly in German. Of the 50 re- 
prints of his history of chemistry publications in my 
collection 27 are in Dutch, 21 in German, and two in 
English. Many of the German papers were simply 
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his translations cf the Dutch originals. Cohen’s 
extensive list of physical-chemical papers were nearly 
all published in German, Dutch being too unfamiliar 
for the scientific readers of other countries. 

The present sketch of Cohen’s contributions to the 
history of chemistry is far from complete. It is hoped, 
however, that enough has been mentioned to indicate 
his great interest in this field. He was an ideal con- 
noisseur of what he once so aptly called the ‘‘belles- 
lettres of science.”” His passing was a great loss not 
only to science but to the humanities. He was a firm 
believer in the brotherhood of the scientific men of all 
nations and, after the first World War, did his utmest 
to reestablish friendly relations between scientists of 
the recently hostile nations. This was recognized in 
the dedication to him in 1927 of the Cohen ‘‘Festband”’ 
of Volume 130 of the Zeitschrift fir Physikalische 
Chemie,’’ which is translated as follows: 

Dedicated by his friends and pupils to Ernst Cohen, successful 
investigator, and tireless champion for the reéstablishment of 
friendly relations between the scientists of the peoples that were 
separated by war, on the twenty-fifth anniversary of his appoint- 
ment as Professor at the University of Utrecht. 


It was the cruel irony of fate that the journal which 
honored Cohen with so deserving a tribute, was pub- 
lished in the country whose later policy of inhuman 
persecution was responsible for the death of this peace- 
loving man of science. 


It will probably be some time yet before you will be able to drive up to a filling station 
and order your metallic fuel by the pound. Nevertheless, there are strong indications 


that metallic compounds will replace liquid fuels in jet and rocket engines. 


These 


compounds are based on boron and aluminum and offer an increase of combustion 
efficiency per unit up to twenty times that of liquid fuels. 


—The Ohmite News 





THE SCIENTIFIC WORK OF ERNST COHEN 


T uz scientific work of Ernst Cohen was not restricted 
to a singk field, but one particular subject was foremost 
in his thoughts: the study of physical isomerism. The 
research which gave him his doctor’s degree was on the 
allotropy of tin and after his retirement from the chair 
of general chemistry he continued his work on the trans- 
formation of white into gray tin with undiminished 
vigor, now as an honored guest in the laboratory of 
which he had been the Director for a third of a century. 

Two other domains of physical chemistry had a ma- 
jor interest for him: electrochemistry, often in close 
contact with studies of physical isomerism, but also in 
connection with the Weston standard cell; and piezo- 
chemistry, in which field he was the first to make ac- 
curate measurements up to rather high pressures (1500 
atm.). 

The scientific work of Cohen has been surveyed on 
more than one occasion by his pupils and coworkers,! 
while he himself published? in book form his “George 
Fisher Baker Lectures,” in which he reviewed in a very 
lucid way his most important contributions to science. 

Cohen was an experimenter first and foremost, and he 
loved to make experiments himself. Discussions of the 
results obtained and of ways for new attacks on the 
problem in hand were usually held in the workrooms or 
in his private laboratory, not in his own room before the 
desk on which he wrote his papers. Theories might be 
all right, but he would not fit his facts to anybody’s pet 
hypothesis. It seems to be much easier to have visions 
of new theories in a study or conference room than 
when surrounded by instruments and apparatus. 


TIN 


When Cohen started his researches on tin the phe- 
nomenon of allotropy or polymorphism of 2 chemical 
element was well known, although it was considered as 
something exceptional and not a common property of 
the elements. The curious behavior of tin in bars or as 
an object in daily use, especially its partial transforma- 
tion into a gray powder, was an unsolved riddle. It 
seemed to depend on age, as old specimens of tin ware 
were seldom found without blemishes. But even if they 
had completely fallen to pieces or disintegrated into 


1 Chem. Weekblad, 15, 1418, 1426, 1438 (1918); 24, 481 (1927). 
For a complete bibliography up to 1918, see ibid., 15, 1452 
(1918); up to 1927, ibid., 24, 489 (1927); and up to 1939, zbid., 
36, 519 (1939). 

2 ““Physico-chemical Metamorphosis and Some Problems in 
Piezochemistry,’”’ McGraw-Hill Co., New York, 1926. Also 
the German edition: ‘Physikalisch-chemische Metamorphose,”’ 
Leipzig, 1927. 
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powder, chemical analysis did not indicate impurity to 
any marked degree. Cohen and van Eyk showed that 
tin was a clear example of allotropy and that the two 
allotropic forms, white and gray tin, had very different 
physical properties. Moreover, white tin was stable 
above 18°C.,’ gray tin below that temperature; exactly 
as in the case of rhombic and monoclinic sulfur a transi- 
tion point separates the two domains of stability and 
tin is another example of ‘‘enantiotropy.”’ 

The behavior of the metal tin under different condi- 
tions was now obvious. Only when tin is exposed to 
temperatures lower than the transition point—which in 
this case is not far from the mean temperature in the 
temperate zone of the earth—there is a possibility of 
slow transformation. The difference in specific volume 
of white and gray tin is very marked (about 25 per cent) 
and gray tin has the greater value, so even a small trans- 
formation is easily seen by the formation of “warts.” 
The success of Cohen and van Eyk in demonstrating 
the reversible reaction, white-tin = gray tin, which goes 
to the right below 13°C. and to the left above 13°C., 
was the result of a new and very sensitive method of 
measuring the direction of a reaction, namely, by meas- 
uring the e. m. f. of a galvanic combination. This 
combination is simply a solution of a tin salt and two 
electrodes, one of white and one of gray tin. On passing 
the transition point this e. m. f. changes its sign, in 
accordance with the fact that the current-generating 
reaction also is reversed. The transition point can also 
be found by taking into account the difference in physi- 
cal properties of the two modifications, for example, in 
the specific volume. The transformation of white tin 
into gray is accompanied by a change in volume of 25 
per cent; so, when using a dilatometer at a fixed tem- 
perature, a positive change of volume means the forma- 
tion of gray tin from white. 

Two temperatures can easily be found between which 
no visible change occurs. Above the higher, a contrac- 
tion is the sure indication that we are above the transi- 
tion point. Below the lower, an expansion means that 
we are below this point. The upper and the lower limit 
can be brought nearer to each other by observing for 
longer times or by using means to accelerate the velocity 
of transformation. 

In his first series of studies of tin, Cohen found that 
this velocity is not constant or linearly dependent on 
the difference between the temperature of the experi- 
ment and that of the transformation point. Above it 





* Later investigations showed that the transition point was 8 
bit lower, at 13°C, 
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the velocity rises quicker, as might be expected; below 
the transition point the velocity first becomes greater, 
then passes through a maximum, and finally becomes 
very small. This also is to be expected because of two 
opposing factors. A greater distance from the equilib- 
rium temperature gives rise to a greater speed, but the 
general effect of a lowering of the temperature is a slow- 
ing down of areaction. However, the transformation is 
a heterogeneous one and is consequently dependent on 
the manner of occurrence of white and gray tin in the 
mass of the metal.. The part already transformed can 
act as a nucleus for the change of untransformed ma- 
terial, and at the same time new nuclei can ‘be formed 
spontaneously. 

So it is evident that repeated transformation of a 
sample will have the effect of making the transforma- 
tion easier; the “previous history” of a metal has an im- 
portant influence on its tendency to transform. Dur- 
ing the whole period of Cohen’s scientific life this prob- 
lem had his attention for practical and theoretical pur- 
poses: how can.we catalyze the polymorphic trans- 
formation; which factors determine the velocity of this 
type of reaction? Much of this has been made clearer 
by his studies. 


POLYMORPHISM IN GENERAL 


First, however, Cohen wanted to study more exam- 
ples of polymorphism, for tin does not show every kind 
of transformation. Cases were also known, and de- 
scribed in the literature, of elements existing in different 
modifications, but in which a reversible transformation 
could not be realized. Yellow phosphorus can be trans- 
formed into red, but red cannot be changed back into 
yellow except by leaving the solid state altogether and 
passing through the vapor or a solvent to produce the 
yellow form. The case is even more common than enan- 
tiotropy; monotropic forms are very plentiful if care is 
taken to avoid stabilization. 

During the first ten years of experimental work in the 
van’t Hoff Laboratory many elements were tested in 
dilatometers, and a long series of papers on the enantio- 
tropy of several metals and a few metalloids, like tellu- 
rium, were published. Soon a complication showed it- 
self; it was found that the temperature of the transi- 
tion point was not independent of the previous history 
of the sample under investigation. This complication 
evidently arose from the fact that more than two modi- 
fications were present in the metal, which could—and 
often did—transform at the same time. Practical dif- 
ficulties prevented the obvious remedy of first reducing 
the complex metal to a mixture of two modifications 
only, keeping it for a long time at a temperature at 
which the least stable forms would be transformed. As 
a rule, the velocity of stabilization was too slow, and 
there was also a fair chance that a high temperature 
would produce another modification, not present before- 
hand, but stable at that temperature. This again 
showed the importance of finding ways to accelerate 
the transformation at lower temperatures. 

In one case it was possible to unravel the complica- 
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tions due to the presence of more than two modifica- 
tions in a metal, by making use of a sensitive electrical . 
method. When cadmium is deposited by a current it 
usually is first formed in the least stable form, Cd,, 
which sometimes passes into Cdg, in other cases into 
Cd,. All three show a different potential against a com- 
parison electrode, e. g., a Cd amalgam, which in each 
case is strictly reproducible, however. In this way it 
was possible to find two transformation points, as well 
as the heat of transformation, from the temperature 
coefficient of the e. m. f. Cadmium prepared by melt- 
ing and cooling will as a rule consist of a mixture of the 
three forms. : 

The result of a long series of researches on the physi- 
cal isomerism of metals and chemical compounds 
brought home the fact that it really is not an exceptional 
phenomenon, but rather the usual thing, for a substance 
to have more than one form. Bridgman, who studied 
polymorphism extensively at high pressures found an 
example of enantiotropy for every three or four cases 
tested. 

Monotropy is even more abundant and less easy to 
demonstrate, since a monotropic form has no proper 
domain of stability. It is not surprising that Cohen 
stated that every substance can be shown to be poly- 
morphic. . At the same time, he pointed out that the 
chemical literature abounds in hints of polymorphism. 
The values of physical constants of a solid are in many 
cases much more divergent than could be expected 
from the accuracy of the experiments and the chemical 
purity of the specimens. This sometimes was the start- 
ing point of an investigation by Cohen and his cowork- 
ers leading to a new case of physical isomerism. * Often, 
when the enantiotropy or monotropy of a substance 
was established beyond doubt a diligent search in the 
older literature showed curious discrepancies in physical - 
measurements, obviously due to polymorphism. 


' CRITICISMS 


However, a prophet often has no honor in his own 
country, and many doubts have been expressed by 
others as to the occurrence of polymorphism either 
generally or in particular cases studied by Cohen. 
There are several reasons for the unwillingness to accept 


the views of Cohen. First, doubt is thrown on the 
reality of a find if it cannot be reproduced by another 
experimenter, although he follows closely the directions 
given. This inability to obtain the same result is no 
fault of the experimenter, but inherent in the behavior 
of metastable forms or in the lag of transformation in 
the solid phase. The formation of a monotropic form 
is dependent first on the appearance of a nucleus from a 
solution, a melt, or a vapor, then on its growth—two 
factors which we cannot yet control fully. Further- 
more, this monotropic particle is liable to stabilization 
at any time, thus changing over into the well-known 
form and making it impossible to detect the unstable one. 
If it is a case of enantiotropy we can try to get our result - 
by changing the temperature to one at which the new 
form is stable. But this does not guarantee in the 
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least that the transformation will really take place. 
Most reaction velocities are notoriously slow in the solid 
state. 

From the work of Cohen and his school it is evident 
that traces of impurities can play an important part in 
preparing metastable forms. Thallium picrate is a 
case in point. Two enantiotropic modifications are 
known, with a transition point at 47°C. The stable 
form at room temperature is red, the one stable above 
47°C. is yellow. Normally, the yellow form appears 
always from the supersaturated solution, even if the 
temperature drops to as low as 0°C. before crystalliza- 
tion begins. Gradually, small red particles appear 
among the yellow needles, and in a few days a fair 
amount of yellow material has changed into red. 
When a small amount of amyl alcohol is added to the 
warm, clear solution red crystals often appear together 
with the yellow, and the transformation on standing 
goes much more quickly. However, amyl alcohol from 
another stock may totally lack this property of favoring 
the formation of the stable form. It has not been pos- 
sible to determine what impurity in the amy] alcohol is 
responsible for the effect. 

A second reason for disbelief in the universal charac- 
ter of polymorphism has been the reluctance of scientific 
workers to consider the recorded physical constants of 
solid substances as unreliable, although there are ex- 
traordinary discrepancies even in the data on specific 
gravity of common substances. Worse still are the 
figures for electrical conductivities of pure metals. 
Nevertheless, there has been for many years a tendency 
to look for other eauses, and to reserve physical isomer- 
ism for a few “classical” examples. 


PHYSICAL VS. CHEMICAL PURITY 


Since it is not always easy to prepare pure allotropic 
forms it is scarcely likely that a physical property 
will be in error because the wrong modification’ 
has been studied. But a much more serious objection 
has beer’ made by Cohen to the ensemble of physical 


constants. He was the first to introduce the concep- 
tion of physical purity as distinct from chemical purity. 

Originally, Cohen studied the transformation of poly- 
morphic substances with the view of obtaining the pure 
allotropic forms. During these researches a complica- 
tion arose, namely, the general tendency to “partial”’ 
stabilization. It was found that a complete transforma- 
tion was the exception, the velocity of transformation 
slowing down to a very small value long before all the 
unstable.forms had been transformed. Let us consider 
what takes place when we try to prepare a monotropic 
modification. It may happen that from a solution only 
the metastable form crystallizes, although it is quite 
possible that the stable form will appear at the same 
time. In any case, there is always a tendency for a meta- 
stable form to change into the stable one, so there are 
at least two factors which make the permanent exist- 
ence of a pure monotropic form doubtful. On the other 
hand, a pure stable product is only possible if the stabili- 
zation is complete. Experience teaches us that a com- 
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plete transformation can rarely be achieved in a rela- 
tively short time. 

Now the treatment of the product of a crystalliza- 
tion usually ends with the removal of the solvent by 
evaporation, often at a higher temperature. For a 
short time one might expect a beneficial effect from this 
higher temperature on the stabilization, but soon an- 
other factor enters the picture. The removal of the 
solvent generally stops the stabilization completely, so 
the result is a mixture of two or more allotropic forms 
of variable composition, depending upon the conditions 
of concentration, temperature, etc., during crystalliza- 
tion and evaporation. 

When preparing a chemically pure substance one 
generally uses the same methods that are employed in 
the formation of polymorphic forms. There is always a 
chance, therefore, that metastable forms will make their 
appearance during the purification of a substance, re- 
sulting in a mixture of modifications, that is to say, to 
a chemically pure but physically impure product. Co- 
hen defines a physically pure substance as one which 
does not contain more than one polymorphic form. 

Naturally, when our aim is to prepare metastable 
forms we can choose conditions to favor this purpose, 
but still in principle we follow the same course in puri- 
fication. Those conditions are, for example, the addi- 
tion of small amounts of “catalysts,” the use of particu- 
lar solvents, and “chilling.” The first two are useful 
in obtaining a metastable form, the last is of advantage 
in preserving it. 

All this applies also to enantiotropic forms. Here, 
too, except at the transition point, all forms but one 
are unstable. There is no certainty that the form which 
crystallizes is the stable one at the temperature of the 
experiment. The form which appears first must even- 
tually be transformed into the stable one, if the product 
is to be physically pure. Thallium picrate practically 
always crystallizes as yellow needles from solutions 
kept below the transition point, although the red form 
is the stable one in that case. Physical impurity has a 
more serious effect upon physical constants than the 
mere fact of polymorphism. Cohen has demonstrated 
that many physical constants have been determined of 
physically impure substances of indeterminate compo- 
sition. 


HEATS OF SOLUTION 


A case in point is the heat of solution of well-known 
salts like KNO;. When chemically pure KNO; (and 
many other salts) are melted and solidified, divergent 
values of the heat of solution are found, depending on 
the metastable forms still present in the sample after 
heat treatment. In this case confirmation came from 
an unexpected side. Roth, after listening to a lecture 
by Cohen on physical constants before the Bunsen 
Gesellschaft, proposed in jest to advise the publishers of 
the well-known “Landolt-Bérnstein” to destroy all 
the matter relating to physical constants of solids. 
Shortly after that, Roth wrote to Cohen that in his 
laboratory experiments on the heat of solution of salts 
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had shown greatly divergent values depending upon 
the previous treatment of the salts. 

However, these facts were known nearly a century 
ago. Person, and later Berthelot, found a change in the 
heat of solution of a number of salts with time. Berthe- 
lot explained this effect as a partially retained heat of 
melting, which was gradually given up during the time 
of storage. One has only to translate heat of melting 
into heat of transformation and there is complete agree- 
ment between Cohen’s and Berthelot’s views. 

There is of course no certainty that two experiment- 
ers will observe the’same time-dependency of the heat 
of solution of any given substance, or, indeed, be able to 
observe any abnormal value of it. The “normal” 
value, of course, would be the one belonging to the fully 
stabilized, physically pure salt. Traces of impurities in 
the salt itself, or in the water used for recrystallization, 
may either cause the appearance of metastable forms 
from the molten salt or have a stabilizing influence on 
polymorphic forms present after solidifying. 


METASTABLE FORMS 


This brings us to the question: what is responsible for 
the appearance of metastable forms and what is the 
mechanism? ‘There is no doubt but that impurities 
are the chief cause of metastable forms and that they 
act by being adsorbed on the newly formed nuclei, 
thereby modifying their velocity of growth. Mineral- 
ogy has presented us with beautiful examples of physi- 
cal isomerism—for example, calcium carbonate, which 
exists both a calcite and aragonite—and long ago min- 
eralogists called attention to the probability that small 
traces of foreign material (“‘agents minéralisateurs’’) 
play a part in their formation. On the other hand, 
thorough investigation in the van’t Hoff Laboratory on 
the formation of polymorphic forms often showed the 
increasing reluctance of metastable substances to ap- 
pear during the progressive purification of a substance. 

There are, however, two restrictions to be made here. 
In some cases, repeated purification seems to be of 
little effect, and secondly, one has to bear in mind that 
in consequence of this repeated purification the chances 
for the survival of an unstable modification, once 
formed, become less. The laboratory atmosphere be- 
comes more and more charged with particles of dust of 
the stable form, which of course may act as a stabilizer 
when coming in contact with the unstable one. The 
fact that in some cases even very pure material can still 
produce monotropic forms, when they are formed in 
sealed glass containers, shows the danger of contamina- 
tion by stable particles floating in the atmosphere. 

Cadmium iodide was a case in point. A monotropic 
form of cadmium iodide had been repeatedly prepared 
in the laboratory and its behavior studied. When, af- 
ter the lapse of several months, we tried again to pre- 
pare the monotropic form, using the same method as 
before, it was impossible to reproduce our former ex- 
periments. Only the pure stable form made its appear- 
ance.’ In another laboratory we succeeded at once in 
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preparing a sample of the monotropic form, using new 
chemicals and glassware. 


SOLUBILITIES 


More progress was possible through the study of a 
curious phenomenon—the retarded cfystallization of 
supersaturated solutions of cadmium iodide. 

The solubility of cadmium iodide in water has been 
accurately determined in Cohen’s laboratory. In the 
first stages of a new investigation on the influence of 
high pressure on it, control experiments on a new sam- 
ple, prepared in the usual way, gave unexpected, widely 
divergent results which were always higher than the 
true value. For the purpose of the investigation it was 
necessary to reach the equilibrium always from higher 
concentrations by shaking slightly supersaturated 
solutions with solid CdI;. As might be expected, our 
thoughts first turned to the possibility of a polymorphic 
form being responsible for this phenomenon, which was 
provisionally christened 8-Cdl2, to distinguish it from 
the normal a-CdIy. A search in the literature suggested 
its existence, which stimulated us to make an experi- 
mental search for it. Sublimation of ordinary Cdl, in a 
strong current of carbon dioxide and chilling the vapor 
with carbon dioxide snow gave us a very light, powdery 
substance which we called ‘flowers of cadmium iodide,” 
in accord with its similarity to flowers of sulfur. The 
specific volume was not only greater than that of a- 
Cdlz, but in contact with xylene—the liquid used in the 
pycnometer—it gradually approached the normal one. 
This contraction did not take place when the density 
was measured in a volumenometer, where the substance 
is only in contact with air or another gas. It was ex- 
pected that this 8B-CdI, would show an abnormally high 
solubility and thus furnish an explanation for the phe- 
nomena described above; but absolutely normal values 
were found. This could only mean that water stabilizes 
B-CdI; into a-CdI, during the shaking, before satura- 
tion was reached, and that this metastable form could 
not be responsible for the high solubility . 

It seemed unlikely that impurities were responsible, 
for Cdl: is prepared by shaking very pure iodine and 
cadmium in distilled water. However, one “impurity” 
is possible—a small amount of Cd(OH): might be dis- 
solved in the salt, although this by-product of the reac- 
tion is supposedly filtered off, along with the excess cad- 
mium, before crystallization. If this is responsible for 
the abnormal solubility addition of a trace of HI ought 
to restore the normal behavior, which proved to be the 
case. 

This shows that supersaturation still exists even after 
shaking the solution for 48 hours in contact with solid 
CdlIz. The same phenomena were observed with lead 
nitrate and zinc sulfate, after adding traces of the hy- 
droxides. 

This fact is of the utmost importance in the produc- 
tion of pure monotropic forms, as well as in the forma- 
tion of mixtures of polymorphs of variable composition. 
For if we evaporate or cool a solution beyond the satu- 
ration point nuclei of the solute will appear sooner or 
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later. Now an unstable form has a greater solubility 
than the stable one and as a rule its saturation will not 


be reached once the stable form has made its appear-’ 


ance. But if impurities are present they will be ad- 
sorbed on the newly formed nuclei, and they may lower 
the velocity of growth so much that the saturation 
point of an unstable form is reached and exceeded. 
Consequently, a monotropic form may crystallize and 
grow, since adsorption is very specific.* 

This gives a very clear picture of the part played by 
traces of impurities; through adsorption they may 
change enormously the velocity of formation of nuclei 
and the velocity of growth. Solvents can act in the 
same way; liquids like toluene, which have little sol- 
vent action on salts, still can exert a very great stabil- 
izing effect on polymorphic mixtures. When toluene is 
able to dissolve an adsorbed “impurity,” contact is at 
once reéstablished between the different forms in the 
mixture and stabilization (by “‘inoculation’’) can start. 
Since “impurities” can seldom be reproduced at different 
times and places, it is not surprising that results are 
often difficult to duplicate by other investigators with 
different samples of the same chemical compound. 
Cohen always maintained that a failure to obtain a poly- 
morphic form is no proof of its nonexistence, especially 


since the conclusion is -often based on experiments | 


which are quite unsuitable to induce transformation. 
It is sometimes impossible to verify the existence of 


known transition points by measuring the conductivity 
of metals, even though temperatures are maintained 


for long periods. Working in this manner, even the 
transition point of white and gray tin would remain 
hidden, except in very special circumstances. To make 
the transformation reaction start ‘at all is often a major 
problem. 

Cohen was always very careful not to hold physical 
isomerism responsible for irregularities unless other ex- 
planations had been eliminated by careful experiment. 
During an investigation of the solubility of salicylic 
acid it was found that samples from different sources 
showed discrepancies. Although a monotropic form 
could have explained the observations, a painstaking 
study showed that traces of water, which salicylic acid 
keeps enclosed and does not lose with careful drying, 
were responsible for the observed facts. 

Solubility effects also directed Cohen’s attention to 
the old question: do small particles have a greater 
solubility than matter in bulk? An elaborate investiga- 
tion with J. J. H. Blekkingh® ‘on the solubility of 
BaSO, was performed to settle it. No clear evidence 
was found of a real increase in solubility; spurious ef- 
fects were noted, due to very fine suspended particles. 


THE TIN EQUILIBRIUM AGAIN 
During the last years of his life Cohen again took up 





4 Adsorption can even be very different on different faces of 
a single crystal, varying the ‘‘crystal habit’ of a compound. For 
example, sodium chloride crystallizes as octahedra or cubes, de- 
pending upon the presence or absence of urea in the solution dur- 


ing crystallization. 
§ Biexxinou, J. J. H., Z. Physik. Chem., A-186, 257 (1940). 
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the problem of the transformation, white tin — gray 
tin. 

Tin of great purity can be obtained commercially in 
blocks. Sometimes exposure of filings of such a block to 
a temperature of —40°C. (liquid ammonia in Dewar 
vessels) starts the transformation; with other samples 
inoculation with gray tin is necessary to induce it, and in 
some cases even then the white tin remains unchanged. 
Two factors may accelerate the transformation: 
traces of impurities and deformation or strain in the 
material. Van Arkel and Koets* studied the influence of 
deformation on the behavior of different metals and 
showed that places of disorder in a crystal lattice may 
be considered as “germs,:’ which bring about recrys- 
tallization of the material as well as allotropic changes. 
When rearrangement leads to another lattice at such 
spots, different from the original one, we have the 
formation of the nucleus of another modification. 

Cohen and his collaborators applied these ideas to 
the case of tin and found a very marked influence of 
deformation on the velocity of transformation. Tin 
rods can be deformed by rolling, by drawing into wires, 
and by repeated bending and stretching. However, 
working a metal in this way generates a considerable 
amount of heat and precautions were necessary to 
avoid its consequences. When the metal was worked at 
—80°C., by using solid carbon dioxide and alcohol, and 
the tin was afterwards preserved at the temperature of 
liquid ammonia, great improvement was observed in 
the velocity of transformation, compared with un- 
treated rods. But if the tin rods, after working at low 
temperature, were tempered at 180°C., for a few hours 
no improvement was visible. In this case the “germs” 
had simply formed nuclei of the stable lattice, giving 
rise to recrystallization. 

Finally, new investigations made the part played 
by impurities much clearer. Mason and Forgeng’ 
found that small traces of Bi (between 0.01 and 0.001 
per cent) decreased the velocity of stabilization greatly. 
Since the purest commercial tin can sometimes contain 
such amounts of Bi, the unpredictable behavior of sam- 
ples taken from different blocks was understandable. 
Pb and Sb also lower the velocity. 

Cohen found that other metals may have an acceler- 
ating effect. Starting from very pure tin (99.996 per 
cent) it was found that a small addition of Al (0.001 to 
0.005 per cent) greatly increased the velocity of trans- 
formation. As a matter of fact, the increase was so 
marked that to distinguish it from the well-known slow 
transformation (long since called ‘“‘tinpest’’?) Cohen 
called this ‘‘acute’’ tinpest. As might be expected, the 
deformation of tin containing a small amount of Al 
shows an even greater speed of transformation. If the 
gray tin thus formed is changed again to white tin by 
keeping it for a short time above the transition point, 
and this is again cooled to —50°C., the more highly dis- 
persed “infection” then raises the velocity to record 
values. Instead of having to wait for weeks to obtain 

Svan ARKEL, A. E., anv P. Koets, Z. Phystk., 41, 701 (1927). 

7 Metals and Alloys, 6, 87 (1935). April, 1935, p. 87. 
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a moderate transformation 10 minutes will suffice to 
produce 83 per cent of gray tin. 

How can this catalytic activity be explained? It is 
not due simply to mechanical contact between tin and 
aluminum; the acceleration only occurs when Sn and 
Al have formed an alloy. A curious fact was observed 
however, when tin containing 0.01 per cent Al was kept 
for a considerable time under heptane. Although this 
heptane had been dried rigorously there was a con- 
tinuous, very slow development of hydrogen. Liquid 
sodium did not generate any hydrogen from this. hep- 
tane, even when kept in contact with it for weeks. 
The water must accordingly be present in the Sn-Al 
alioy. An investigation had been made in 1922 by 
Heyn and Wetzel® on the abnormal behavior of such 
alloys in contact with water, liquid, or vapor. Cohen 
repeated these experiments and found that freshly 
rolled tinfoil (thickness 0.2 mm.) made from tin rods 
(containing 0.05 to 0.25 per cent of Al) is as supple and 
pliant as pure tin. Exposed to the air at room tem- 
perature, it quickly becomes as brittle as glass. The 
surface soon develops metallic swellings, which on the 
outside look like white tin; inside, after cutting the 
wall, a white powder is found. If the tinfoil is placed 


in a desiccator directly after rolling there is no change of 
mechanical properties and no swelling of the material. 
Exposure to the air soon brings on both changes. 

Water evidently reacts with the alloy, with the 
formation of aluminum hydroxide, which has a greater 
volume than the components and: so makes the metal 


swell. The water necessary for this reaction is present 
in the metal itself. Richards, Vinal and Bovard, and 
also Cohen and Bruins, demonstrated on different 
occasions the great difficulty in preparing absolutely 
dry metals; the last traces of water (0.001 to 0.01 per 
cent) can only be expelled by melting the metal in a 
current of dry gas. An analysis of the tin alloy used 
showed a content of 0.005 per cent H,O and this 
amount is enough to evolve 8.5 ml. of hydrogen. 
Small amounts of aluminum present in tin can now 
be held responsible for the acceleration of the transfor- 
mation. The chemical reaction leads to serious defor- 
mations, these in turn act as germs for a transformation 
when the tin is kept at a low temperature and sub- 
sequent “inoculation” gives birth to ‘‘acute’”’ tinpest. 


ELECTROCHEMISTRY 


Cohen also contributed to the fields of electrochem- 
istry and piezochemistry. His electrochemical studies 
were mainly concerned with the standard cell, its 
mechanism and its value as a standard. Another 
group of investigations dealt with thermodynamic 
relations, affinity measurements of chemical reactions, 
and the study of transition cells. 

Transition cells for evaluating the temperature at 
which a transition occurs (e. g., between different 
hydrates of the same salt) can be constructed in several 
ways. Of course a polymorphic transition can, also 
be determined in this way; indeed, Cohen studied the 


° Heyn, E., anp E. WerzEt, Z. Metallkunde, 14, 335 (1922). 
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transition of white tin into gray tin by this method 
in his Doctor’s dissertation. 

At the beginning of the 20th century, standard 
cells—Weston and Clark—were much used, but the 
mechanism was not understood completely. Cohen 
made an extensive study of the underlying chemical 
mechanism and was able to demonstrate that not only 
did zine, or cadmium, react with the depolarizer, with 
the formation of mercury and the sulfate of the 
active metal, but that the sulfate became hydrated to 
ZnSO,:7 aq., or CdSO,4:8/3 aq. 

Moreover, in the Weston standard cell a cadmium 
amalgam is the negative electrode; this amalgam has a 
different potential from that of cadmium metal, 
measured against the positive pole in a Weston ele- 
ment. From the equation of Helmholtz, Cohen’s 
computation of the heat effect of the reaction from the 
e. m. f., and its temperature coefficient, were in good 
agreement with direct calorimetric determinations. 
However, curious discrepancies remained, especially 
with the Weston standard cell at lower temperature. 
It was found that the amalgam used—at that time 
14.3 per cent by weight of Cd—was in some way re- 
sponsible when used below 23°C. 

A standard cell must satisfy a number of conditions to 
really deserve that name. It must be reproducible 
and its value must not be permanently changed when a 
small current has passed through it; the e. m. f. must 
be a single-valued function of the temperature. In 
order to deliver small currents without a permanent 
change of e. m. f., the chemical reactions accom- 
panying the current must not alter the composition 
in any way. Consequently, a saturated solution with 
excess of solid cadmium sulfate is necessary. Similarly, 
the cadmium amalgam must be a two-phase system. 
Here we have not a liquid amalgam and solid Cd, 
but liquid, saturated amalgam in equilibrium with a 
solid amalgam (consisting of mixed crystals). Bijl 
studied this equilibrium at different temperatures, 
and the phase diagram of the cadmium amalgam pro- 
vides us with the necessary data to discuss the be- 
havior of a standard cell. It shows that an amalgam 
of 14.0 per cent below 23°C. is not heterogeneous, but 
when the equilibrium is reached, consists solely of 
homogeneous mixed crystals. The lower the total 
concentration of the amalgam the lower the tempera- 
ture at which the heterogeneous amalgam changes into 
a homogeneous solid. So Cohen proposed the use of 
8 per cent amalgam, which remains partly liquid down 
to below 0°C. This does not change the value of the 
e. m. f. of the standard cell but avoids the danger of 
incorrect values at room temperature. 

Retardation in the establishment of equilibrium here 
also may be the cause of uncertainties. A standard 
cell with an amalgam of 14 per cent may very well 
show the correct value of the e. m. f. at 0°C., as the 
inner equilibrium in the amalgram is often not reached 
in a moderate time. Investigation of amalgams in 
which small additional amounts of Cd were deposited 
by an electric current showed that the diffusion of this 
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Cd into the solid amalgam was very slow, once the 
total composition was near the boundary composition 
of the mixed crystal phase. On the other hand, cooling 
the standard cell may change the outer skin of the 
amalgam to the completely solid phase, leaving inside 
a partly liquid, partly solid core; but the outer skin, 
being in contact with the cadmium sulfate solution 
determines the value of the potential. 

Misapprehension of these facts had long delayed the 
adoption of a safe concentration of the amalgam, 
although the proposed modification could not in the 
least affect the value of the e. m. f. nor the validity 
of the equations in use for the temperature dependence 
of the e. m. f. 


PIEZOCHEMISTRY 


The third field in which Cohen and his coworkers 
were active was that of piezochemistry. When Cohen 
turned his attention in this direction very little had 
been done on the influence of high pressure on chemical 
phenomena. The work of Tammann was mostly on 
phase changes and not of great precision. Cohen tried 
for greater accuracy but limited his pressure to 1500 
atm. A number of very interesting results were ob- 
tained, but the development of the work of Bridgman, 
combining great precision with a much more extensive 
range of pressure, would have necessitated the building 
of a complete special laboratory for this kind of research. 

Among the first problems which Cohen attacked was 
that of reaction velocity at high pressure. First, 
saponification of ethyl acetate and inversion of cane 
sugar were investigated and showed a marked influence 
of pressure, sometimes positive, sometimes negative. 
Some years later the problem was studied again in the 
van’t Hoff Laboratory and by using mixed solvents, 
water and alcohol, a great many saponifications could 
be studied. Bornyl.acetate was found to be especially 
sensitive to pressure, its rate being about 4.5 times as 
great at 1500 atm. asat one atmosphere. In the mean- 
time, many galvanic cells had been studied under 
pressure and Cohen thus obtained an insight into the 
influence of pressure on the affinity of a chemical re- 

‘action. In every case results were corroborated by 
measuring the volume change accompanying the re- 
action and substituting the necessary factors in the 
appropriate relation of Maxwell. The influence of 
pressure on the e. m. f. of standard cells was also 


change, showing very good agreement. 

The transition point, of course, is also dependent on 
the pressure. The change of zinc sulfate heptahydrate 
into the hexahydrate was studied, and a change of 4.5° 
in the transition point was found at 1500 atmospheres. 





studied and compared with the corresponding -volume— 
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When Cohen was finally able to prepare very active tin, 
as described previously, the influence of pressure on 
the transition point of white tin into gray was also 
investigated. 

A great number of solubility determinations were 
made. For inorganic salts it was possible to use a 
small shaking apparatus driven electrically inside the 
pressure bomb. The influence was rather small— 
less than 1 per cent—and pressure could be reduced 
withoyt any change of equilibrium in the sample, so 
that an analysis could be made. In organic systems 
the influence was often very much greater and this 
method could not be used, as the concentration of the 
sample in the pressure bomb quickly increased when 
the pressure was reduced. A new pressure bomb was 
built which could be shaken, and from which the sample 
could be pressed out very slowly, so that on one side 
of the stopcock the pressure could be kept at 1500 
atm., with the open atmosphere on the other side. 
In two cases the results were corroborated by deter- 
mining also the temperature coefficient of the solu- 
bility, the accompanying change of volume, and the 
heat of solution. Substitution of all four values in the 
equation of Braun—a special case of the equation of 
Clapeyron—showed very good agreement within the 
experimental error. Solubility under pressure was 
studied by measuring the e. m. f. or the conduc- 
tivity—the first in the case of the cadmium-mercury 
system, the second in the study of salt solutions. 

Determinations of diffusion velocities, which even 
at one atmosphere tax the skill of the experimenttr, 
when accuracy is the goal, were also made under 
pressure, while viscosities were studied at the same 
time. Piezochemical work offered many opportunities 
for the construction of ingenious apparatus which 
Cohen very much enjoyed designing. 


CONCLUSION 


On a black Saturday morning in 1942 a detachment 
of German “security police’ arrested Cohen in his 
laboratory for not wearing a Jewish star, and he was 
sent to a concentration camp in Holland. Although 
neither his spirit nor his health were broken here, he 
finally became a victim of foreign persecution in a gas 
chamber in Auswitz, Poland. A distinguished scien- 
tist was murdered, because an ephemeral tyranny had 
no use for him. 

The scientific work of Cohen’s department of the 
van’t Hoff Laboratory during the period 1905-1939 
bears the seal of his personality, and his many coworkers 
and pupils have profited greatly by his example and 
devotion. His own work was painstaking and severely 
critical and he instilled his fine principles in everyone 
in the laboratory who came in close contact with him. 
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CHARLES ALBERT BROWNE AS AN HISTORIAN 
OF CHEMISTRY’ 


Whuen cnarues a. srowne died on February 3, 1947, 
American chemistry suffered a twofold loss. Not only 
was Dr. Browne an outstanding agricultural chemist 
who had devoted most of his scientific life to the service 
of the government, but he was also dean of historians of 
chemistry in this country. His colleagues in the field 
of sugar chemistry and technology have honored him 
for his achievements in this branch of science. It is 
fitting that his equally important work for the support 
and advancement of the cultural and humanistic as- 
pects of chemistry should receive the same recognition, 
for this was a phase of his activities which was always 
close to his heart. 

Dr. Browne was born at North Adams, Massachu- 
setts, on August 12, 1870, the son of a prominent ex- 
plosives chemist who had invented a widely used blast- 
ing fuse. As a comparatively young man, the father 
had lost his sight in an explosion, so that he never saw 
hisson. Dr. Browne studied at Williams College which 
granted him an A.B. in 1892 and an A.M. in 1896. He 
then served for a time as an analyst in New York, and 
as an assistant in chemistry at the Pennsylvania Ex- 
periment Station. In 1900 he went to Gottingen to 
work with Bernhard Tollens in the field of agricultural 
chemistry and plant physiology. He obtained his 
Ph.D. there in 1902. After his return to America, he 
became a research chemist at the Louisiana Agricul- 
tural Experiment Station. His work on sugar led him 
to enter federal employment as Chief of the Sugar 
Laboratory of the U. S. Bureau of Chemistry in 1906. 
His skill and reputation as an agricultural chemist grew 
rapidly, and he remained in responsible positions in the 
Bureau of Agriculture until his retirement in 1940. He 
continued to serve as consultant to the Bureau until his 
death. 

The strong interest which Dr. Browne felt in histori- 
cal subjects found its first public expression in 1908 
when he published a paper dealing with certain aspects 
of Greek philosophy. His excellent classical education 
probably led him to the field, but he soon turned his 
interests to the historical background of his own field of 
agricultural chemistry. Nevertheless, his ability to 
consult original classical sources was of the greatest 
value to him in his later work, when he traced the origins 
of many of the ideas on which modern chemistry is based. 





1 Presented before the Division of the History of Chemistry at 
the 111th meeting of the American Chemical Society in Atlantic 
City, April 15, 1947. 
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In the decade from 1910 to 1920 he published a num- 
ber of papers on the history of various phases of agricul- 
tural chemistry. At the same time he began the collec- 
tion of a library on the history of chemistry which came 
to be recognized as one of the best in America. On his 
frequent trips to Europe, he made a point of securing 
rare chemical works, and in this way he acquired vol- 
umes which are almost unique in this country. 

His interests in agricultural chemistry led him to 
study the industries which are connected with agricul- 
tural processes, and these studies led him to a considera- 
tion of the rise of American industry as a whole. This 
was but a step to the study of the history of chemistry 
in America. In this way he came to devote most of his 
historical work to either of the two subjects, the history 
of agricultural chemistry or the history of chemistry 
in America. For the rest of his life, most of his histori- 
cal papers relate to one or the other of these fields. 

Dr. Browne well realized the value of the primary 
source in historical research. His own work brought 
him into contact with the leading men in his field, and 
his frequent trips abroad further widened the circle of 
acquaintances begun when he was a student at Géttin- 
gen. Throughout most of his life, therefore, he made it 
a point to spend a period of time each evening, before 
retiring, in writing an account of all the conversations 
and events of the preceding day. In this way he pre- 
served a mass of information which will in time prove of 
inestimable importance to the historian of the future 
who desires to know the informal and unwritten back- 
ground behind the events which influenced the develop- 
ment of chemistry in the first half of. the twentieth 
century. 

Some of this material Dr. Browne himself used in 
telling of the early days of the Division of the History of 
Chemistry of the American Chemical Society. This 
was organized unofficially in 1920 when Browne first 
met and talked with Edgar Fahs Smith of the Univer- 
sity of Pennsylvania. The common interest of the two 
men led to a deep friendship which was of great signifi- 
cance for the further development of the study of the 
history of chemistry in this country. Not only was the 
Division of the History of Chemistry organized, but the 
discussions and plans of the two founders resulted in the 
establishment of a research center at the University of 
Pennsylvania destined to do much for the study of the 
history of chemistry in America. 

Under the stimulus of the realization that historical 
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matters were of interest to a number of chemists, Dr. 
Browne began to devote more time to his favorite hobby 
and a number of valuable papers soon appeared from 
his pen. In 1926 he edited the Golden Jubilee number 
of the Journal of the American Chemical Society, which 
reviewed the developments of fifty years in all branches 
of American chemistry. At the time of his death, he 
jvas occupied on a general history of the Society. This 
work will be edited and completed by others, but it will 
still bear the marks of Browne’s unique style and genius. 

With the death of Dr. Smith in 1928, Browne re- 
doubled his efforts on behalf of the history of chemistry. 
When the Edgar Fahs Smith Memorial Collection in the 
History of Chemistry was organized at the University 
of Pennsylvania, he gave it his enthusiastic support. 
In 1945 he presented a large portion of his invaluable 
library to the Collection, and from 1946 until his death 
he served as Chairman of the Advisory Committee of 
the Collection, and Editor-in-Chief of “(Chymia,” the 
annual publication in the history of chemistry sponsored 
by it. 

The crowning achievement of his scholarly career was 
the publication in 1944 of the “Sourcebook of Agricul- 
tural Chemistry.”’ This book was of far greater scope 
than the name implied. Dr. Browne recognized that it 
is impossible to understand the development of any 
branch of a major science unless the full implications of 
that science are understood. His work, therefore, 
included the background of chemical theories and 
developments which explain the agricultural practices 
of each epoch from Greek times until the peroid of 
Liebig. It is a contribution to the literature of the 
history of chemistry which will long hold top rank. 

In every way, Dr. Browne served as a supporter and 
builder in the movement to make the history of chemis- 
try occupy its rightful place in the science. He re- 
tained his active interest until the summer of 1946, 
when an eye affliction made it impossible for him to con- 
tinue his work. Several manuscripts upon which he 
was working were completed even under these difficult 
conditions, but his health failed rapidly and his death 
early in 1947 deprived the field of the history of chem- 
istry of one of its leading workers. His death was a 
blow to the Division of the History of Chemistry, to the 
Edgar Fahs Smith Collection, and to all who have the 
interests of the history of chemistry at heart. 
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Chemical Education in American Institutions 





George Herbert Jones Laboratory 


Tus Department of Chemistry of the University of 
Chicago is a relatively young department because it is 
a part of a relatively young University. Only a little 
more than fifty years ago William Rainey Harper, the 
first president of the University, gathered together an 
impressive group of young men of outstanding ability 
and promise. Among the chemists in this group were 
Alexander Smith, Julius Stieglitz, John Ulric Nef, and 
Herbert N. McCoy, to mention a few, who for many 
years were either directly or indirectly responsible for 
the educational policies of the department. Their 
pioneering spirit, in keeping with that of the University, 
led to progressive programs in instruction and in re- 
search. Even the youngest chemistry teachers of today 
are aware of the influence of the Smith texts in general 
chemistry, and of Stieglitz’s “Qualitative Analysis” on 
the teaching of chemistry during the past thirty years. 
The influence these men exerted in basic research is 
known to all. - During this relatively short span more 
than 600 Ph.D. degrees, a like number of M.S. degrees, 
and a much larger number of B.S. degrees have been 
awarded to students who have selected chemistry as a 
professional field. 

In 1896, shortly after the founding of the University, 
the Kent Chemical Laboratory was constructed through 
a gift from Sidney A. Kent. This laboratory housed all 
of the department’s activities, in both teaching and re- 
search, until 1929, at which time the George Herbert 
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Jones Laboratory was completed and occupied. This 
unit was made possible through a generous gift of the 
late George Herbert Jones, a Chicago pioneer in the 
steel industry. The laboratory was designed primarily 
for research, though it contains several laboratories for 
instruction at an advanced level. Today both labor- 
atories are filled to capacity. Most of the classrooms, 
undergraduate laboratories, and services are located in 
the Kent Chemical Laboratory; however, an appreci- 
able section of Kent is still devoted to research. 
During the past ten years or so the distinction be- 
tween undergraduate and graduate work at the Uni- 
versity of Chicago has been gradually disappearing. 
It is becoming more and more evident that the process 
of education in a professional field is a continuous one, 
and that it is not possible to draw an arbitrary line at 
any point that has any real meaning. The organi- 
zation of the curriculum of the department of chemistry 
is based upon the development of a continuous program. 
The curriculum at the University is such that the 
average student entering directly from high school 
spends most of his first two years in a general education 
program before entering a professional field for inten- 
sive specialization. During these first two years, a 
student interested in majoring in chemistry will havetime 
to take one year of general chemistry (basic chemistry) 
and one year of mathematics, in addition to his general 
education studies. He also spends in these first two 
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years one year in a Physical Sciences General Course 
and one year in a Biological-Sciences General Course. 
After having satisfactorily completed the general edu- 
cation program he is awarded a Bachelor of Arts degree. 
He is then ready to enter a Division of the University 
which, for the chemistry major, is the Division of the 
Physical Sciences. 

The new curriculum! of the Department of Chem- 
istry, which has only recently been put into effect, calls 
for a continuous three-year program in the Division 
leading to the M.S. degree, with the elimination of the 
traditional B.S. degree. This program in reality is a 
five-year program beyond the termination of high 
school and includes both the general education and pro- 
fessional education of the chemist. It has not been 
found practical to give the B.S. degree in a four-year 
program of this nature, since the time is not sufficient 
to include both a good general education and a good 
scientific education. The five-year program permits 
in the field of chemistry, after a one-year course in 
basic (general) chemistry, a three-year period of speciali- 
zation during which time the student devotes most of 
his time to chemistry, physics, and mathematics. (If 
the student is interested in some aspect of the Biological 
Sciences he may substitute some of the courses in this 
area for physics and mathematics courses). The-con- 
tinuous three-year program with students who have 
specified their intention of entering chemistry 4s a pro- 
fession saves time and avoids unnecessary instructional 


repetition characteristic of the traditional dividing line 
between undergraduate and graduate education for the 
B.S. degree. 

The student entering the Division of the Physical 
Sciences, to specialize in this three-year chemistry pro- 
gram leading to the M.S. degree, normally would enroll 
in three courses each quarter, or in a total of twenty- 


seven courses. Of these, the usual distribution would 
be 17 or 18 quarter courses in chemistry, and. the re- 
maining 9 or 10 in physics and mathematics. Before 
entering the program the student will have had a one- 
year’s basic chemistry course, which includes general 
chemistry, qualititative analysis, and an introduction to 
quantitative analysis. In quantitative analysis the 
emphasis is on the laboratory part of the course. The 
student may now proceed along three different lines 
almost simultaneously to the M.S. degree, as far as 
chemistry is concerned. These three lines of approach 
are (1) organic chemistry, (2) physical chemistry, and 
(3) inorganic and analytical chemistry. In the organic 
chemistry. curriculum, 6 or 7 quarter courses are re- 
‘quired, and these include all that is regarded as basic 
organic chemistry, with which every chemist should be 
familiar, irrespective of his:future field of specialization. 
The curriculum here avoids the traditional attempt to 
cover the entire field of organic chemistry in an under- 
graduate sequence and then to cover later the entire 
field again, but at a more advanced level, in a graduate 
sequence of courses. On the contrary, it permits’ the 
_ | This curriculum will be described in greater detail in a later 
issue of THis JOURNAL. 
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presentation of organic chemistry as a continuous 
story. Most of the courses are accompanied by labo- 
ratory work, including qualitative organic analysis, 
semimicro analysis for carbon, hydrogen, ete., and or- 
ganic preparations. The same general ideas are to be 
found in the physical chemistry program which includes 
6 or 7 quarter courses. Here again there is a continu- 
ous integrated curriculum. Every student is required, 
irrespective of his field of interest in chemistry, to com- 
plete the physical chemistry curriculum which includes 
thermodynamics, chemical physics, and an introduction 
to statistical mechanics and quantum mechanics, in 
addition to the usual elementary physical chemistry. 
The inorganic and analytical chemistry sequence in- 
cludes advanced inorganic chemistry, with emphasis 
placed upon structural considerations, advanced quanti- 
tative analysis, and instrumental analysis. In mathe- 
matics the student will have completed differential and 
integral calculus and differential equations. At least 
three quarter courses in physics, in addition to the first 
course in basic physics, are also required. Most of the 
chemistry courses in the curriculum will be accompanied 
by laboratory work, so that the student will become ac- 
quainted with experimental techniques of several 
phases of chemistry. 

No experimental thesis is required for the M. S. de- 
gree, but research may be undertaken by the most 
promising students who qualify for an honors program 
in the last three to five quarters before receiving the 
degree. In such instances an experimental thesis will 
be a requirement for the degree. The honors program 
enables students who are quite certain to continue to 
the Ph.D. degree to gain experience in research as early 
as possible. An examination for the M.S. degree, 
covering the three-year program, would be essentially 
what we are now giving as the preliminary examination 
for the Ph.D. degree. This examination would serve to 
a considerable extent to determine whether the student 
should be encouraged to continue for the Ph.D. degree. 
If the student should choose to enter industrial work at 
this point, he is a much more valuable man to industry 
than is the average B.S. man. His training is such 
that, with a little experience in industry, he could be used 
as a member of a research team. As & matter of fact, 
the only essential difference between this M.S. man and 
the Ph.D. who enters industry, is that the latter has had 
some research experience and in general is more mature. 
The basic training in fundamental science would be 
essentially the same for the two men. 

One question which arises here is what happens to the 


‘ student who will enter this program after having trans- 


ferred from another institution with only the traditional 
B.S. degree. Such a student would be expected to take 
courses for about a year before he would be ready for the 
preliminary examinations and research. This is the 
same situation that maintains today, regardless of 
whether the student is from the University of Chicago 
or another institution. At the end of the year the stu- 
dent could take the M.S. degree or he could continue 
directly to the Ph.D. degree, as is permissible in all 
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cases. The M.S. program described above represents 
the minimum basic training in chemistry that the De- 
partment of Chemistry recognizes for professional 
work. No student can receive a degree in chemistry 
with less training and education. This program de- 
mands that the standards of the profession be raised. 
On the other hand, upon petition to the Department 
a student may be granted a B.S. degree with a major in 
chemistry provided he does not intend to enter profes- 
sional chemical work. This provision is made to 
accommodate students who are planning to enter the 
professional fields of medicine, engineering, biology, 
etc., and who at the same time have selected chemis- 
try as one of their fields of concentration. 

Completion of the M.S. program is equivalent to com- 
pletion of all formal courses. The student who con- 
tinues working toward the Ph.D. degree will spend most 
of his time in research, but will also attend seminars de- 
voted to special topics of current interest. The only re- 
quirements for the Ph.D. degree are as follows: 

(1) A, minimum of three quarters in residence. 

(2) The passing of language reading examinations 
(German and French or Russian). 

(3) ‘ Successful completion of preliminary exami- 
nations (written and oral). 

(4) Acceptance by the Department and the Division 
of a dissertation submitted for the degree. 

(5) The passing of a final examination confined 
primarily to the dissertation and the student’s field of 
specialization. 

There are no course requirements for the Ph.D. de- 
gree. The preliminary examinations imply indirectly 


JOURNAL OF CHEMICAL EDUCATION 


participation in formal 
courses, since they cover 
the content of all chemistry 
courses offered for the M.S. 
degree. However, the stu- 
dent may decide for himself 
to what extent he needs to 
participate in these courses 
in preparing for the pre- 
liminary examinations. 
This point is_ especially 
applicable to students who 
come to the department for 
advanced work from other 
institutions. 

The department has re- 
cently «adopted the policy 
of appointing an advisory 
committee consisting of two 
members of the staff for 
each student candidate for 
the Ph.D. degree. This 
committee consults infor- 
mally with the student in 
order to learn more about 
his previous training, his 
interests, and his future 
plans, and to advise him 

in regard to the courses he needs, in the event of 
deficiencies. When the student has been admitted to 
research, the staff member under whose direction the 
research is being conducted becomes the student's 
sponsor and advisor, instead of the advisory commit- 
tee. By such a procedure it is hoped that the depart- 
ment will become better acquainted with the students 
personally, and with their ability and promise, at an 
early period of their professional career. This problem 
of relationship of the staff to the students is one of the 
most important and serious problems of large depart- 
ments of chemistry. 

The student who has been admitted to research lead- 
ing to the Ph.D. degree may carry out his investigations 
for a thesis in a number of places in the University, in 
addition to the Department of Chemistry proper, pro- 
vided some member of the Chemistry Staff sponsors the 
student and his program. In other words, the research 
may be pursued in the Institute for the Study of Metals, 
the Institute for Nuclear Studies, the Institute of 
Radiobiology and Biophysics, and in the Departments 


" of Medicine, Biochemistry, Physics, Geology, etc. If 


the degree is to be granted in chemistry, the Depart- 
ment of Chemistry stipulates the requirements for the 
degree, the curriculum, and the examinations, but en- 
couragement is given to those students who are inter- 
ested in chemical problems associated with the Insti- 
tutes and other departments to conduct their research 
Such a policy tends to break down the 


programs there. 
barriers between departments and thereby to provide 
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the student an opportunity to obtain a broader educa- 
tion. 


Only rarely is the advanced student of chemistry 
financially able to support himself without spending a 
considerable portion of his time working outside of the 
Department. This situation has been met by providing 
the most promising students support in the way of 
teaching assistantships, research assistantships, and 
fellowships. At the University of Chicago the Depart- 
ment of Chemistry uses about twenty teaching assist- 
ants for the laboratory courses. All-of these appoint- 
ments carry a stipend of $1500 and in return demand ten 
_ to twelve hours per week of service for a period of three 
- quarters (nine months). From this stipend the student 
returns to the University $450 for tuition and fees, pro- 
vided he carries a full program. These appointments 
are regarded as an important part of the student’s pro- 
fessional training; he not only gains considerable ex- 
perience in the handling of students and in the conduct- 
ing of small laboratory group discussions, but also be- 
comes familiar with the content of the courses and with 
teaching methods. 


The Department has at its disposal the appointment 
of about fifteen fellowships at the predoctoral level each 
year. In general, the stipends here are $1500; though 
a few are higher and a few are lower than this amount. 
These awards do not demand any service in the De- 
partment and they are usually given to students in 
their last year of predoctoral work to enable them to 
spend full time on their thesis problems. Many chemi- 
cal industries, recognizing the importance of supporting 
basic research in the country, through generous grants 
have made possible most of the predoctoral fellowships 
available to the Department. The fellowships are 
awarded on a competitive basis and are completely un- 
restricted in regard to the choice of the research prob- 
lem the student undertakes. 


A number of research assistantships are also available 
to the predoctoral student. These assistantships are 
supported by grants from government agencies and re- 
search foundations to members of the staff for conduct- 
ing research projects under broad specifications. Re- 
search carried out under these grants may, in most 
cases, be used for a doctoral dissertation, but this is not 
always the case. Some of the work is of the nature of 
that demanded of technical assistants, and although the 
student is remunerated for this work and gains consider- 
able experience it is not considered suitable for a dis- 
sertation. The total number of assistantships and fel- 
lowships in the department is sixty to seventy. The 
student holding one of these appointments is not per- 
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mitted to carry on outside work but is expected to spend 
full time in the department. The stipends provided are 
sufficiently high to take care of essentially all the stu- 
dent’s expenses while he is in residence in the Univer- 
sity. In addition to the above-mentioned appoint- 
ments, some funds are available for assisting students 
who wish to remain at the University the fourth quarter 
of the year, which is usually the summer quarter. 

'The Department has each year a number of post- 
doctoral fellows in its laboratories. These fellows come 
to the University as a result of nation-wide competition 
for fellowships sponsored by research foundations and 
other organizations, and through appointments, from 
University funds. It is becoming increasingly evident 
that the presence of postdoctoral fellows has a marked 
influence upon both the predoctoral students and the 
staff. They provide stimulation in research, due to 
their wide interests in different fields. In addition, 
these men have been highly selected and are the future 
leaders of chemistry in the country. 

Students who are either not interested in chemistry 
or do not need it for a professional field receive an in- 
troduction to chemistry in the general physical and 
biological sciences courses in the College of the Univer- 
sity. Due to this and to the fact that the University 
does not have an engineering school the Chemistry De- 
partment itself has very few students in its curriculum 
who are not planning to embark upon a professional 
career in chemistry. One exception is in the field of 
medicine. The Department has a large number of pre- 
medical students. These students, as well as chemistry 
majors, take a one-year basic chemistry course. Then 
a separate two-quarter course in organic chemistry and a 
one-quarter course in quantitative analysis are given for 
the premedicai student and other students not majoring 
in chemistry. Aside from these deviations, all chem- 
istry students in the Division are engaged in a program 
leading to the M.S. degree. This situation assists the 
department immeasurably because it permits concen- 
tration of effort upon a relatively few students inter- 
ested in professional work. The primary objective of 
the department is to give as good an education in 
chemistry as possible, to raise the standards of the pro- 
fession by insisting that the first degree be at the M.S. 
level, and to make a very careful selection of students 
who proceed to the Ph.D. degree. 

In this connection, another objective is to raise the 
standards of the Ph.D. degree by granting this degree 
only to those students who are outstanding in ability 
and promise, and who are considered as likely candi- 
dates for future leaders of chemistry, whether they be 
located in academic or industrial positions. 
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THE CHEMICAL SIGNIFICANCE OF THE GRAM 
TEST FOR BACTERIA 


‘Tne Gram staining test for bacteria, which was first 
introduced by Christian Gram in 1883, and for more 
than 50 years remained as one of a number of empirical 
tests used in routine microbiological identification, was 
lifted into sudden significance by the clinical success of 
penicillin in 1941. It was Sir Alexander Fleming who, 
in his original work on penicillin more than 10 years 
earlier, had first shown that those bacteria, the growth 
of which it effectively inhibited, were in all cases Gram- 
positive, while in general those against which it was 
ineffective were Gram-negative. This observation 
aroused little interest at the time, although Sir Alex- 
ander himself made regular use of it in the differential 
culture of bacteria. However, after Sir Howard Florey 
and his fellow-workers at Oxford University had demon- 
strated the clinical importance of this distinction in 
relation to penicillin therapy, curiosity was naturally 
aroused as to its physical significance. Among those 
who first attacked the problem were the Birmingham 
bacteriologist, Dr. H. Henry, and Professor M. Stacey, 
Professor of Chemistry in the University of Birming- 
ham. 

First Stage. By 1943, when penicillin itself was still 
the main center of interest, they were able to publish 
their first evidence suggesting that the staining quality 
characteristic of the Gram-positive bacterium might be 

associated with the presence of magnesium ribonucleate 
within the organism. Now, after three further years of 
research, they have presented to the Royal Society of 
London a chain of evidence! which appears to be beyond 
doubt or argument. Additional details have also been 
given by Professor Stacey in his recent Tilden Lecture 
to the Chemical Society (as yet unpublished). 

The first stage of their work was the discovery that if 
either Cl. welchti or yeast cells were suspended in 2 per 
cent bile salt in normal saline, an extract was obtained 
which appeared to be in some way associated with the 
original staining quality of the cells. This was sub- 
stantiated both by a reduction in dry weight, and the 
disappearance of the original Gram-positive quality. 
Further, it was found that after treatment with a reduc- 
ing agent, the cytoskeletons could be induced to reab- 
sorb from the extract whatever had been taken from 
them. They again appeared Gram-positive although, 
as Professor Stacey expressed it in his Tilden Lecture, 
“looking as if they had been knocked about a bit.” 
Even more encouraging, the extracts from Cl. welchit 
and from yeast cells proved to be interchangeable for 
this purpose. This suggested, not. only that they con- 
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tained the same, or closely related, substances, but also 
that there might exist a similarity in the chemical struc- 
ture of that part of the cytoskeletons with which com- 
bination occurred. 

The range of the investigation was accordingly wid- 
ened by the inclusion of certain anaerobic bacteria; 
aerobic spores, including B. anthracis; and certain 
strains of streptococci. 

At the same time, a more intensive study was made of 
the resulting bile salt extracts. Fractional separation 
of the latter led to a series of products, one of which was 
identified as magnesium ribonucleate, on the double 
evidence of an absorption band at 2,600 A. and the 
characteristic degradation products obtained from it. 
Finally, came the demonstration that magnesium 
ribonucleate prepared from commercial sources was 
equally capable of restoring the Gram-positive quality 
to bacteria from which it had been removed. 

Foundation For Further Research. Although it is too 
early as yet to assess the general significance of mag- 
nesium ribonucleate in the economy of Gram-positive 
bacteria, a solid foundation has thus been provided for 
future research. Apart from the elegant demonstration 
by Henry and Stacey, there is the now considerable 
body of evidence that resistance to penicillin is con- 
nected with the production of penicillinase, the peni- 
cillin-destroying enzyme which was first isolated from 
Gram-negative bacteria by Abraham and Chain in 
1940 (2). It is a tempting assumption that some con- 
nection will be established between ability to produce 
penicillinase on the one hand, and absence from the 
organism of magnesium ribonucleate on the other. 
But, as lately pointed out by Selbie ,* it by no means 
follows that the same mechanism can necessarily be 
invoked to explain the phenomenon of acquired resist-, 
ance to penicillin on the part of Gram-positive bac- 
teria, which also was first reported by the Oxford 
workers.? 

Finally, it may be noted that the significance of the 
Gram test is further increased by the fact that other 
antibiotics besides penicillin are “Gram _ sensitive.” 
Although this fact must appear for the moment as an 
added complication, it also provides many more angles 
from which the problem can be attacked. 
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CHEMICAL CARICATURES 


T ue savire and ridicule aroused by failures often tell 
more about the reputation and standing of a trade or 
profession among its contemporaries than do laudations, 
that too often are inspired by ulterior motives. Every- 
one who works for his daily bread is a butt of jests. 
Through the ages, the butcher, baker, tailor, or shoe- 
maker has had cheerfully to see his weaknesses depicted 
in unflattering words and pictures. The loftier the aim 
of a profession, the higher the hopes it arouses, the more 
vulnerable it becomes to sarcastic attack when its 
efforts end in failure or disappointment. The chemist 
has set for himself the highest goal of all. Through con- 
version of defective material into better material he has 
sought to overcome or alleviate the most dreaded hu- 
man scourges: poverty, disease, old age. However, he 
need not fear jeers and mockery if he does not succeed 
in reaching his objective. 

The first chemists to lay themselves open to such 
attacks were those who sought to make silver and gold 
from baser metals. Therefore, the oldest chemical 
caricatures picture alchemists or goldmakers, whose 
work was derided ag being either hopeless or pure de- 
ception. The inevitable end could only be to bring 
them into the almshouse. Probably the earliest carica- 
ture directed against the alchemists is the drawing, 
made about 1530, by Hans Weiditz (Figure 1). Its title 
“The great folly of the alchemists and alchemy” is 
followed by the verse: 


Imponit multis ars alcumistica fallax 
Autorem invisum reddit et ipsa suum. 


Figure 2. The Alchemist (By Pieter Brueghel, middle of the 16th 
P century) ‘ 


WILHELM PRANDTL 

University of Munich, Munich, Germany 
(Translated by Ralph: E. Oecesper, University of 
Cincinnati) 


Figure 1. The Alchemist (By Hans Weiditz, about 1530) 


Ich hab offt bei mir selb gelacht, 

Dass Alchimey kein reichen macht. 

Jedoch findt mann so thorecht leut, 

Verlieren dadurch Hab und Zeit.! . 


The tattered clothing of the alchemist and his helper 
reflect satirically the fruitlessness of their sweaty labors. 
Similarly, the disorder of their sorry workshop is indica- 
tive of the lack of planning in their experiments. 

The outcome of alchemical labors too long pursued, 








1 Vile alchemy imposes its hateful influence on many, then re- 
bounds and exercises its effect on itself. 

Oft to myself, I’ve laughed with glee, 

That wealth ne’er comes from alchemy. 


And yet so little sense have some 
They lose through it their time and home. 


Figure 3. The Alchemist (By M. de Vos, 17th century) 
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namely, poverty, a miserable home, and, at last, the 
poorhouse, is shown still more clearly in Pieter Brue- 
ghel’s ‘‘The Alchemist,”’ which dates from the middle of 
the 16th century (Figure 2). The same sentiments are 
expressed in the superscription to the somewhat later 
“The Alcherfiist’”” by M. de Vos (Figure 3): ‘‘Pauper- 
tatem alius fugit, ast hic advocat ipsam.’’? Below the 
picture are the lines: 

Voi comme ce folAstre en ses fioles distille 

Le sang de ses enfans, ses trésors et ses sens; 


2 One shuns poverty, the other invites it. 
ALTKUMIS§6TICA; 


Figure 5 
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Voy comme il cherche aprés la recherche inutile 
Du Mercure, son pain avecque ses enfans.* 


These and similar drawings have an added value for the 
chemist of today because they shown in detail the 
equipment of the 16th century laboratories. 

A satirical poem, ‘‘Altkumistica,”’ directed against 





3 Behold how this fool distils in his flasks the 
blood of his children, his wealth, and his common sense; 
See how after this hopeless quest for Mercury (the great secret) 
he seeks his bread and his children. 


Figure 7. (By Honore Daumier) 





Figure 8 


the deceitful alchemists was published at Erfurt in 
1586 (Figure 4). Its author was M. Johannes Claius, 


vicar at Bendeleben. He points out that the only sure 
and honorable method of obtaining gold is to derive it 
from old cow manure (Alt Kuh Mist) by the time-tested 
processes of agriculture. A new edition of these verses, 


with an addendum, was issued at Miihlhausen in 1616. 
In this, the fradulent practices of the putative gold- 
makers were described (Figure 5). 

When the chemist abandoned the efforts to prepare 
gold and turned, instead, to the study of the various 
kinds of matter, he often carried out experiments that 





Figure 9. Jean-Baptiste Dumas (By Honoré Daumier) 
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were not directed to the preparation of a particular ma- 
terial, but his object was to learn the behavior of sub- 
stances toward each other. When the study was fin- 
ished, the reagents employed in it were no longer of any 
value and were thrown away. The laity had no under- 
standing of this apparent waste. This is shown in the 
plate (Figure 6) taken from the ‘‘Neu eingerichteten 
Zwerchen-Cabinet,”’ published at Amsterdam in 1715. 
Here again, the tattered clothing is quite noticeable. 
The experimenter is given the title: 


Herrn Blasius Rauchmantel, der Frucht-losen 

Alchimie Kunst Archi-Sectator, Quintae Essentiae Stultorum 
Possessor. 

Ein Meister lass ich mich der Elementen nennen, 

Die ich zusammenfiig und wieder kann zertrennen, 

Halt sie verarrestiert im Kolben, schick sie auch 

Nach wohl vollendter Kunst zum Teufel durch den Rauch, 

Zum Vortheil und Profit, bleibt mir, wie allen, nur 

Der Bettelstab im Haus, im Kopf die Narrentinctur.‘ 





Figure 10. Michel Eugene Chev- 
reul (1786-1889) 


The character of the cartoons changed decidedly 
after the great chemical triumphs of the 18th and 19th 
centuries. The work of the chemist thenceforth re- 
ceived general respect, and the satire was directed only 
against individuals. It became more and more per- 
sonal. The great French caricaturist, Honoré.Daumier 
(1808-1879), who in his drawings poked fun par- 
ticularly at the jurists and politicians, did not entirely 
spare the chemists. He cast into their teeth the un- 
scrupulous manner in which some learned representa- 
tives of this science misused their fellowmen as experi- 
mental subjects. Figure 7 is entitled ‘The incon- 


4Sir Windy Smokecoat, Arch adherent of the fruitless al- 
chemical art; Foolish possessor of the quintessence, I let myself 
be called master of the elements, which I can put together and 
separate again, I hold them ready in flasks, and after well-con- 
ducted experiments, I dispatch them in fumes to the Devil. As 
advantage and profit there remain to me, as to all others, only 
the beggar’s staff in my house, and the tincture of fools in my 
head. 
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veniences of dining with a scientist who loves to make 
chemical and other experiments.”’ This host is repre- 
sented as saying: ‘Well, without your suspecting it, I 
am going to have all of you eat some fritillaria (a bul- 
bous herb)... I am curious to learn definitely if it is a 
healthy food that can take the place of the potato or if 
it is a poison.” Daumier continues this same line of 
attack in Figure 8: ‘The friendship of a great chemist 
is not a gift of the gods.”” The lecturer states: ‘I am 
so certain of my test, that now, if you wish, I am going 
to poison my intimate friend, M. Coquardeau, and | 
will be able to detect arsenic in the glass of his spec- 
tacles.”’ 

Another of Daumier’s plates (Figure 9) is devoted to 
J. B. Dumas (1800-84) one of the chemical leaders of 
his time, and founder of the substitution theory. After 
the February, 1848, revolution, Dumas permitted him- 
self to be elected to the National Assembly, and shortly 
thereafter was appointed by the President of the Re- 
public to be Minister of Agriculture and Commerce. 
However, Dumas seldom took the speakers’ stand. In 
this drawing, the furnace with the retort seems to look 
accusingly at Dumas, because he had been unfaithful to 
science, for which he had substituted politics. 

The subject of Figure 10, by P. Renouard, is the cen- 
tenarian Michel Eugéne Chevreul (1786-1889), who 
until his 102nd year published numerous and important 
papers.’ He was the first to unravel the constitution of 
the fats. At even this advanced age, he was mentally 
alert, and spoke with vivacity. He still wore the frock 
coat of former years, but he is said to have.completed 
this outfit with red slippers. 

The silhouette (Figure 11) presents Hermann Kopp 
(1817-92) best known as historian of chemistry and also 
one of the founders of physical chemistry.® The shadow- 





5 Lemay, P., and R. E. Orsper, THis JouRNAL, 25, 62 (1948). 
6 Ruska, J., Tots JOURNAL, 14, 3 (1987). 
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graph was found along with letters from Kopp among 
the effects of his physician, Dr. Benno Schmidt, who 
was an enthusiastic collector of autographs. It is 
published here for the first time. 





Figure 11. Hermann Kopp (1817-92) 


Figures 10 and 11 do not represent caricatures of chem- 
ists as practitioners of their profession, but rather as 
scholars and men in general, who, despite their great 
scientific achievements, remained unassuming in their 
mode of life. Specific chemical caricatures have become 
quite infrequent in a period in which chemistry has ful- 
filled so many desires of mankind. The atom bomb, the 
latest triumph (?) of the combined efforts of chemists 
and physicists, has engendered fear and terror rather 
than derision and sarcasm. 


SUMMER COURSE IN CATALYTIC TECHNIQUES 


A course on “Catalysis in Organic Chemistry” 


will be offered this coming summer, June 25- 


August 28 by Northwestern University in the recently dedicated Teaching Unit of the Ipatieff 
High Pressure and Catalytic Laboratory. The course will cover the following topics: principles 
of catalysis, hydrogenation, dehydrogenation, oxidation, isomerization, polymerization, alkyla- 
tion, catalytic cracking, hydration, dehydration, and condensation. 

Each student will have the opportunity to carry out catalytic reactions under pressure and at 
atmospheric pressure, in batch and flow type apparatus. Some of the experiments will cover 
methods of handling gaseous substances. A laboratory manual has been prepared for this course. 

The laboratory is equipped with the latest type of apparatus especially designed for the instruc- 


tion on catalytic techniques. 


This course will be given by Professor Herman Pines, who has been a close collaborator of 


Professor V. N. Ipatieff for the last 18 years. 


Inquiries should be addressed to Director of the Summer Session, Northwestern University, 


Evanston, Illinois. 
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Tx ORIGINS OF CHEMISTRY, in India as in othé¥ parts 
of the world, are bound up with the early developmiétits 
of the practical arts as well as with the philosophical 
speculations on the nature of matter and its behavior. 
The presefit article will concern itself with the first of 
these and will deal particularly with the achievements 
of the early Indians in the field of practical chemistry— 
the handling of mitierals, metals, metallurgical proces- 
ses, metallic compounds, acids, alkalies, etc. 

In a previous communication a general survey of the 
knowledge of chemistry in ancient India has been made, 
and an account has been given of the theories and meth- 
odology of science as was developed in those early days. 
The present article will, therefore, be exclusively de- 
voted to a description in more details of the achieve- 
ihents of the early Indians in the field of practical chem- 
istry, particularly dealing with minerals, metals, metal- 
lurgical processes, metallic compounds, alkalies, acids, 
etc. 

So far as minerals, metals, and metallurgical processes 
are concerned, their knowledge can be traced beyond 
the Vedic period to the time of the Indus Valley Civiliza- 
tion of 4000-3000 B.c., as revealed by the exeavation at 
Mohenjo-daro (7) in Sind and Harappa in the Punjab. 
This pre-Aryan civilization of ancient India is believed 
to be allied to the Sumerian culture of Mesopotamia 
and that of the Egyptians in the valley of the Nile. 
The findings at Mohenjo-daro prove that the residents 
of the ancient cities of those days were skillful metal 
workers, who had at their disposal a plentiful supply of 
gold, silver, and copper. Uses of lead and tin also were 
not uncommon, though the latter metal was found 
mostly alloyed with copper in the form of bronze, per- 
centage of tin varying from 6 to 13 in the alloy. 

The use of gold was confined to jewelry. Silver was 


used for jewelry and also for ornamental vessels. Gold, 


at Mohenjo-daro was obtained from.south India gold- 
fields in Mysore and Madras. Silver might. have been 
obtained with gold from the same source or from argen- 
tiferous lead of Burma. Articles made of a gold-silver 
alloy, electrum, have also been found at Mohenjo-daro. 

Copper and bronze were used for making weapons, 
tools, and vessels or utensils, as well as for cheaper or- 
naments. Copper found at Mohenjo-daro contains an 
appreciable amount of lead, suggesting that it must 
have come from Rajputana, Baluchistan, or Persia, as 
copper ores in all those areas are found to be associated 
with lead. It deserves particular mention here that 
some of the copper objects found at Mohenjo-daro con- 
tain nickel. In one case it was found on analysis to be 
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as high as 9.38 per cent, forming an alloy with copper. 
Lead was possibly obtained from mines near Ajmere in 
Rajputana. Bronze was preferred to copper for making 
weapons and implements with extra sharp cutting 
edge. 

An alloy of copper and arsenic (3—4.5 per cent) was 
also used at Mohenjo-daro in place of bronze. It has 
got almost equal hardness to low grade bronzes. 
Whether the alloy was a natural one derived from ar- 
senical copper ores, or artifically made, is however a 
moot point. 

Copper was possibly smelted from ores near the 
mines, the metal being afterward refined in clay cruci- 
bles. A fragment of such a crucible with the slag stick- 
ing to the edges has been found at the excavation at 
Mohenjo-daio. From an examination of the analytical 
results, given below, of specimens of various copper ar- 
ticles found at Mohenjo-daro, it has been concluded 
that the people of the Indus Valley at that time were 
acquainted with four distinct varieties of copper and 
its alloys: viz., (a) crude copper, (b) refined copper, (c) 
copper-tin alloy or bronze, (d) copper-arsenic alloy. 

The following table gives some typical analyses of 
copper and bronze found at Mohenjo-daro (2). 








Fragment 
of 
Copper Copper some 
lump lump imple- Copper Bronze Bronze 
I IT ment chisel button slab 
Cu 96.67 92.49 95.80 92.41 88.05 82.71 
Sn 0.0 0.37 0.0 0.0 8.22 13.21 
Sb 0.88 Trace 0.72 0.10 2.60 0.33 
As 0.15 1.30 0.74 3.42 Trace P17 
Fe 0.03 1.51 0.12 0.5: 0.29 0.42 
Ni 1.27 1.06 0.25 0.1 Trace 0.56 
Pb 0.02 Trace 1.58 3.28 0.0 0.11 
8 0.98 2.26 0.61 0.05 0.84 0.0 
O seh 1.01 0.18 ref eras 1.49 





A sample of silver found at Mohenjo-daro has been 
found to contain: Ag, 94.5; Pb, 0.42; Cu, 3.68; in- 
soluble, 0.85 per cent. This indicates that the silver 
was obtained by smelting argentiferous lead ore associ- 
ated with cuprite, of which the cerussite, found at Balu- 
chistan, might be a probable source. The process of 
extracting silver from lead was undoubtedly known to 
the people of the Indus Valley at Mohenjo-daro. It 
furnishes an evidence of considerable knowledge of 
metallurgy possessed by them. 

Tin was also found at Mohenjo-daro; but it was pos- 
sibly imported from outside. The Indus people had 
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sufficient experience and ability in working of metals. 
They were also using an alloy of copper and arsenic for 
making tools and weapons. Evidences have been ob- 
tained that the copper articles at Mohenjo-daro, such 
as axes, were made both by casting and hammering; the 
edges were usually hammered out after plain blades had 
heen cast. Copper dishes were also made by similar 
methods. 

A large number of minerals, ores, and rocks were 
known too, and in use among the Indus Valley people. 
Mention may be made of lapis lazuli, turquoise, rock 
crystal, lime stone, soap stone, alabaster, hematite, 
amethyst, slate, agate, jasper, chalcedony, onyx, bitu- 
men, red ochre, basalt, steatite, sodalite, jade, lollin- 
gite, arsenical pyrites, etc. Most of these were found at 
Mohenjo-daro in the form of beads, pendants, etc., 
used for ornamental purposes, and some were often 
coated with a glaze. Lollingite and leuco-pyrite were 
also utilized for the preparation of arsenious oxide and 
arsenic. Cerrusite and cinnabar have also been found 
at Mohenjo-daro. They were possibly used for cosmet- 
ies and medicinal purposes. White lead was utilized 
for plasters, eye-salves, and hair-washes. Galena also 
was used for the preparation of eye-salves and paints. 
Gypsum and lime were used for plastering work and for 
making floors of drains. 

Besides, brick, pottery, faience, and miscellaneous 
terra-cotta objects have been found in abundance at the 
Indus Valley sites. Brown glazed pottery articles are 
the most common variety. Specimens of polychrome 
pottery, bedecked with floral and geometric patterns in 
black and white on a red ground, have been found. 


The base of some vases are found to be adorned with a . 


row of lotus petals. “Potteries were in some cases slip 
glazed, but mostly painted. Painted potteries were 
made by decorating or painting on a slip applied to the 
body. Slips used were also colored: buff, cream, pink, 
and red. These were made mostly of ferruginous clays, 
or by mixing red ochre with clay. The articles were 
finally burnt. Manganiferous hematite was used for 
black color, and gypsum for producing white pottery. 
We thus find that the art of glazing on pottery flourished 
at Mohenjo-daro, as evidenced by a large number of 
pieces of broken pottery and faience found on excava- 
tion. But, curiously enough, no true glass has yet been 
found either at Mohenjo-daro or at Harappa. 

After the decline of the urban civilization of the Indus 
Valley people,.there followed a dark age in Indian his- 
tory till the advent of the Aryans in near about 2500 
B.c. The Aryans developed a new civilization of a more 
or less pastoral type, based on high spiritual and philo- 
sophical ideas with their numerous religious rites and 
ceremonies. The Vedas, Upanishadas, and the various 
systems of philosophies are the great and glorious in- 
tellectual products of this civilization. The practical 
aspect of chemistry, as we have seen, was pursued by 
them mostly as a handmaid of medicine and alchemy. 

In the Vedic literature we find mention of six metals: 
White Yajurveda writes of ayas (gold), hiranya (silver), 
loha (copper), shyama (iron), sisa (lead), and trapu (tin). 
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Atharva-veda names gold as harita (yellow), silver as 
rajata (white), and copper as lohita (red). In Rig-veda, 
the earliest of the Vedas, there are numerous mentions 
of gold and iron. 

In the Ayurvedic period mentions of brass and bronze 
articles are found in the writings of the Hindu Law- 
giver, Manu (circa fourth century B.c.), as well as in the 
treatise of Charaka. Mercury has been mentioned for 
the first time in the Artha-shastra (treatise of polity) of 
Chanakya or Kautilya in the fourth century B.c. The 
author has also given descriptions of ores and mines of 
gold, silver, copper, iron, lead, tin, and many precious 
stones. Ores of iron have been described as orange, 
faint red, and red Jike vermilion. These obviously re- 
late to red and brown hematite. Copper ores have 
been described as heavy, and green, grey, or red in 
color, which might be attributed to malachite, pyrites, 
and red copper ore, respectively. The use of copper for 
making alloys, for gold and silver coins, has also been 
mentioned in the same treatise. It also describes the 
process of gilding copper articles by covering with gold 
leaf and then polishing the outer surface and sides. We 
shall first give a more detailed account of the knowledge 
of the two most useful metals, copper and iron, as ac- 
quired by the ancient and mediaeval Indians. This is 
best done by considering some ancient archaeological 
specimens of copper and iron of historical importance. 
Such specimens are, however, abundant in India in the 
shape of statues, pillars, plates, caskets, beams, weap- 
ons, and implements. 


COPPER AND IRON 


A solid copper bolt, apparently shaped into form by 
hammer after being cast, has been found in the Ram- 
purwa Asoka pillar near the Nepal frontier. Historical 
evidences indicate that the bolt is a product of the third 
century B.c. Its size is given by the length 24.5 inches 
and the circumference varying’ from 12 inches at the 
extremities and 14 inches at the center. It is very heavy 
and furnishes undoubtedly a strong evidence of the high 
metallurgical skill of the ancient Indians. 

In the ruins of an old Buddhist monastery, situated 
at Sultangunge in the district of Bhagalpur (Bihar) and 
believed to be of the fifth century A.D., a copper statue 
of Buddha, 7 ft. 6 in. in height and weighing 1 ton, has 


. been found. This huge statue was constructed by 


casting in two layers.. The outer layer consists of a 
very thin-and transparent garment laid over the inner 
body, made up of segments held together by iron bands. 
The inner body is thus visible through the outer layer. 
There can be no better illustration of the perfection at- 
tained by the early Hindu workers on metals in smelting 
and casting operations. 

The well-known Chinese traveler Hiuen-Tsiang has 
left a description of a colossal copper statue of Buddha, 
80 ft. in height, which he found standing upright near 
about the famous Nalanda convent in Bihar. It was 
constructed in the seventh century A.D., but disappeared 
possibly after a few centuries, as no mention of it is 
found in later chronicles. 
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There are numerous evidences about the use of copper 
in India in the form of coins in early days by the Greek 
and Baetrian kings of the third century B.c., as well as 
by the Kushan kings like Kanishka and his successors in 
the first century a.pD., and by the Gupta kings of the 
following period. 

We have seen that there are ample evidences of cop- 
per being smelted on an extensive scale in ancient In- 
dia. In the Singbhum and Hazaribagh districts of 
Chotanagpur it is believed that copper was mined and 
extracted some two thousand years ago. Deposits of 
copper slags were abundantly found on the hills all 
around these places. Copper is now mined and ex- 
tracted at Singbhum on a large scale by an English 
company, The Indian Copper Corporation, Ltd. In 
various states of Rajputana many extinct copper mines 
are found from which copper was obtained in ancient 
times. Some of these mines are worked even now on 
small scales following the old indigenous methods. 
Nepal was an important source of copper in ancient 
India. Copper is manufactured in Nepal even at the 
present time according to the old methods. On account 
of its purity Nepal copper was highly valued in old 
days. Copper mines were also worked in the Central 
Provinces, the Kumaun district, the district of Gharwal, 
and also in some places of Madras Presidency. 

The Ayurvedic treatise, Susruta-samhita (circa 5th 
century B.c.) has made mention of two copper ores: 
makshika (pyrites) and vimala (copper glance.) It has 
been noted further that makshika occurs in two varie- 
ties: hema-makshika (hema means gold, hence signifies 
copper pyrites), tara-makshika (tara means silver, hence 
signifies iron pyrites). The extraction of the metal 
from these ores by heating with carbonaceous matter, 
alkali carbonate and borax, has been described at a later 
age in various alchemical and iatro-chemical treatises 
like Rasaratnakara, Rasarnava, and Rasaratnasamuch- 
chaya (800-1300 a.p.). 


COPPER ALLOYS 


Among the alloys of copper, bronze has been men- 
tioned in the Ayurvedic treatises, Charaka and Susruta 
of the pre-Buddhistic era. In the latter, directions are 
viven for drinking water in bronze vessels. In the writ- 
ings of the Hindu Law-giver, Manu, of the 4th century 
8.c. there are mentions of household utensils made of 
bronze. The alloy was also employed in making gongs 
or bells in those days. Hence, no distinction was made 
at that time between bronze and bell-metal. Both were 
designated by the same term kamsya. Large quantities 
of ornamental bronze articles, found in the excavation 
at Tinnevelly in the Madras Presidency (vide infra), 
furnish an irrefutable evidence of its use in ancient India 
(circa 4th century B.c.). An alloy made of two parts of 
silver and one of copper has been mentioned in Kautil- 
yas Arthashastra (circa 3rd century B.c.) as triputaka. 
Preparation of kamsya, consisting of eight parts of cop- 
per and two parts of tin, has been described in détail in 
Rasaratnasamuchchaya of the 13th century A.p. Brass 
was prepared in early days by heating copper and cala- 
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mine with carbonaceous substances. Later on, in the 
iatro-chemical] period (circa 14th century A.D.) copper 
and metallic zine were used for the purpose. But brass 
vessels, belonging to the first century B.c. or near about, 
have been unearthed by excavations of ancient Budd- 
histic stupas. According to archaeological evidences, 
brass coins were also in common use in those days. The 
Ayurvedic treatise Charaka also makes mention of 
brass. The alloy has been largely used in ancient and 
mediaeval India for making statues of gods and god- 
desses. A very remarkable use of brass for a very large 
scale constructional purpose has been mentioned by 
Hiuen-Tsiang. It refers to an unfinished brass ‘‘vi- 
hara” (convent) near Nalanda, made during the reign 
of King Siladitya, known also as Harshavardhana, in 
the seventh century a.p. It is mentionetl that this vi- 
hara would measure 100 ft., when finished in accordance 
with the plan. This undoubtedly bears an eloquent 
testimony to the remarkable skill displayed by the an- 
cient Indians in large-scale brass work. In a later age, 
during the Mogul period, large size guns and cannons 
were also made of brass and bronze. The great gun of 
Agra has a length of 14 ft., a bore of 22.5 in., and weighs 
1049 ewt. But the famous bronze gun of the Moguls, 
known as “malik-i-maidan” (monarch of the plain) is 
possibly the largest of the kind still in existence. It has 
a length of 14 ft. 3 in., with an enormous diameter of 4 
ft. 10 in. at the mouth. It was cast at Ahmednagar: in 
1548 a.p. and now lies at Bijapur. Handling and work- 
ing of such a Jarge amount of alloy with little mechani- 
cal power available in those days reflect a great credit 
on the ability and skill of Indian metal workers. Brass 
was recognized as an alloy (misra loha) in the 13th cen- 
tury A.D. in India. Misra loha literally means mixed 
metal. Alchemical treatises like Rasaprakasha-sudha- 
kara and Rasaratnasamuchchaya have described it as 
such. In many alchemical writings alloys have been 
designated as upadhatus (semimetals). 

Of the compounds of copper, the preparation of cop- 
per sulfide in a pure state has been described by Chak- 
rapani (1060 a.p.) in the alchemical treatise named 
Chakradatta after him. It was called tamrayoga or 
tamra-parpati, and was made from metallic copper and 
sulfur, or from copper amalgam and sulfur by heat. 
Conversion of a metal into its sulfide by heating with ~ 
sulfur is described as vida or killing by many Indian 
authors of the transition and alchemical period. Thus 
in Rasanarva it is written: ‘There is no such elephant 
of a metal which cannot be killed by the lion of a sul- 
phur.” . Copper sulfate has been known as tuttham from 
the days of Charaka and Susruta as a remedy for dis- 
eases like ulcers, leprosy, etc. It was also called mayura- 
tuttham and sasyakam in iatro-chemical treatises like 
Rasaratnasamuchchaya, Rasendrasarasamgraha, and 
Sarangadhara. The word mayura-tuttham indicates 
that its color resembles that of the throat of the pea- 
cock. That copper can be obtained from blue vitriol 
has been mentioned in several places in Rasarnava and 
Rasaratnasamuchchaya. The substance has also been 
prescribed as an emetic and an antidote to poisons. 
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Preparation of copper sulfate from copper and sulfuric 
acid (daha jal—lit. burning water) has been described 
in Dhatukriya, a treatise of the 16th century a.p. on 
reactions of metals. Preparation of copper chloride by 
heating copper with common salt and of copper oxide 
by heating the metal in air have also been given in the 
same book. 

It may be noted here as a significant fact that the 
Indian alchemists did not fail to make the observation 
that copper and copper compounds give a blue color to 
the flame. The fact has been recorded in Rasarnava of 
the 12th century. 


IRON PRODUCTS 


The metal iron appears to have been known to the 
ancient Indians of the Vedic age, for the word ayas 
frequently occurs in Rig and other Vedas. But the 
selfsame word has also been used in Vedas to denote 
gold, as well as metals in general. In White Yajurveda 
the word shyama has been used to mean iron. In the 
Brahmans and Upanishadas (circa 1000-500 B.c.) iron 
has been given the name of krishnayas or black metal, 
while copper has been termed lohitayas or red metal. 
Later on, in the epic age (circa 500-200 B.c.) we find 
that the Hindu Law-giver, Manu, in his Dharmashastra 
mentions household utensils made of copper, iron, 
brass, bronze, tin, and lead. In the Ayurvedic treatise, 
Susruta, we find description of about one hundred vari- 
eties of surgical instruments, made possibly of best 
steel. Iron implements and weapons in the form of 
swords, daggers, tridents, spears, javelins, arrows, 
spades, hangers, beam rods, and tripods have been found 
in the excavations of numerous burial sites in the grav- 
elly mounds of the Tinnevelly district of the Madras 
Presidency, particularly at Adittanattur. These must 
have been buried under the earth in an age when the 
custom of cremation was unknown in southern India, 

e., before the 4th century B.c. Iron clamps, found 
at the Bodh-Gaya temple, and the iron slag, found on 
excavation of the foundation of the stupa at the same 
place and now preserved at the Calcutta museum, fur- 
nish evidences regarding the knowledge of the process of 
manufacturing iron in ancient India as early as the 3rd 
century B.C. 

The famous iron pillar near Delhi by the side of the 
Kutab Minar, which, from a consideration of the script 
and the test of the inscription on the pillar, is believed to 
have been constructed sometime in the 4th century 
A.D. during the reign of Chandra Gupta II, as a pillar 
of victory, and may be viewed as a standing monument 
of the achievement of the early Indians in metallurgical 
work. It is about 24 ft. long, 16.4 in. in diameter at 
the bottom, and 12 in. in diameter at the top. The en- 
graved capital at the top is 3 ft. 6 in. in length. The 
weight of the pillar has been estimated to be about six 
tons. Analyses of specimens of the material of the 
pillar have proved that it is made of wrought iron with- 
out any alloy. Specific gravity of the metal is 7.81, that 
of the purest wrought iron being 7.84. We quote here 
the results of analysis given by Hadfield (3) in the 
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Journal of Iron and Steel Industries: Fe, 99.72; C, 
0.08; Si, 0.046; S, 0.006; P, 0.114; Mn, nil; total, 
99.996. Absence of managanese is significant. Low 
percentage of sulfur indicates the use of charcoal as 
fuel. The pillar has wonderfully withstood the influ- 
ence of rain and water for over fifteen centuries without 
giving any ‘sign of rust formation. Expert observers of 
all classes are of opinion that this pillar presents an in- 
disputable and permanent record of a very high metal- 
lurgical skill and engineering ability of the ancient 
Hindus, which can reasonably claim unstinted admira- 
tion even of our present time. It will, therefore, be not 
out of place here to quote extracts from the opinions of 
some of these observers. 


- “The dexterity exhibited by the Hindus in the manufacture of 
wrought iron may be estimated from the fact of the existence in 
the mosque of the Kutab near Delhi of a wrought iron pillar ... 
belonging to the 4th century. It is not an easy operation at the 
present day to forge such a mass with our largest rolls and steam 
hammers; how this could be effected by the crude hand labour 
of the Hindus we are at a loss to understand,’ ” ... Roscoe and 
Schorlemmer (4). 

“Taking a.D. 400 as a mean date—and it eaiiei is not far 
from the truth—it opens our eye to an unexpected state of af- 
fairs to find the Hindus at that age capable of forging a bar of 
iron larger than any that have been forged in Europe up to a very 
late date, and not frequently even now. As we find them, how- ° 
ever, a few centuries afterwards using bars as long as this in 
roofing the porch of the temple at Konarak, we must now believe 
that they were much more familiar with the use of this metal . 
than they afterwards became. It is almost equally startling to 
find that after an exposure to wind and rains for fourteen cen- 
turies, it is unrusted, and the capital and inscription are as clear 
and as sharp now as when put up fourteen centuries ago,” 
Fergusson (6). 


The following excerpt from the opinion of an engi- 
neer is also worth quoting here (6): 


. while considering forging of large masses of iron and steel, 
it is not easy to forget the impression caused by first seeing the 
iron pillar at Delhi. This column of wrought iron, which is 16 
in. in diameter and of which 22 ft. are above the ground, ’is fin- 
ished perfectly round and smooth, with an ornamental top, and 
was made many centuries ago from iron produced direct from the 
ore and built up piece by piece. Remembering the lack of 
facilities men had in those days for first forging and then welding 
together such an enormous mass makes one wonder at the iron 
worker of those days, who must have possessed engineering abil- 
ity claiming the admiration of our times. It is questionable 
whether the whole of the iron works of Europe and America 
could have produced a similar column of wrought iron so short a 
time ago as the exhibition of 1851.” 


Numerous iron beams and clamps in the temple at 
Bhubaneswar (640 a.p.), similar beams of larger dimen- 
sion in the temple at Konarak (900-1000 a.p.), and 
huge iron girders in the temple at Puri (1174 a.p.), in 
the province of Orissa, are other striking instanees which 
speak highly of the achievements of the Hindu workers 
of the time in the art of manufacturing iron and steel. 
Of the beams at Konarak the largest one has a measure 
of 35 ft. in length, 7—7.5 in. square, and weighs about 
6000 pounds. In the garden temple at Puri there are as 
many as 239 beams ranging up to 17 ft. in length and 
6 X 4or6 X 6in. in cross section. All these beams are 
made of pure wrought iron, as the analysis of a. speei- 
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men of Konarak beam piece given below, indicates (7) : 
Fe, 99.64; C, trace; S, trace; P, 0.15; Mn, nil; total, 
99.79. Specific gravity, 7.8. The nature of the iron is 
thus very similar to that of the Delhi pillar. 

The iron pillar at Dhar, the ancient capital of Malava, 
is the most massive of its kind. It has been lying broken 
in three pieces. The total length is 43 ft. 8 in., with an 
average width of 10.25 in. The cross section of the 
pillar is not uniform throughout, but partly square, 
partly rectangular, and the rest octagonal. Its esti- 
mated weight is approximately 7 tons. It is believed 
to have been constructed in the 12th century A.D., pos- 
sibly as a victory pillar. 

A third iron pillar, 12 ft. 9 in. in height, ending in a 
Siva’s trisul (trident) at the top stands in the courtyard 
of the temple Achaleswar on Mount Abu in Rajputana. 
It is stated that the pillar was built in the early part of 
the 15th century A.D. as a monument of victory. 

Mention may now be made of some huge hammered 
wrought iron guns of the Mogul time (16th and 17th 
century A.D.). Most of these weigh about 30-47 tons. 
The maximum length found is 31 ft. and the largest 
bore reaches about 1 ft. 7 in. in diameter. These guns 
were manufactured by Hindu mechanics and were con- 
structed of iron bars of square section laid longitudin- 
ally along the bore, over which iron rings were slipped, 
one at a time, while red hot. On cooling they shrank 
and fastened the iron bars strongly together. Near'the 
breech the guns were often strengthened by a second 
layer of rings. 

A Sanskrit alchemical manuscript, Yuktikalpataru, 
of the 11th century A.D. classifies iron into different 
varieties and describes their relative qualities as fol- 
lows: 

Crouncha iron is twice as good as samanya (ordinary) 
iron, kalinga (Orissan) iron is eight times as good as 
crouncha iron, bhadra iron is one hundred times as good 
as kalinga, bajra iron is one thousand times as good as 
bhadra, pandi iron is again one hundred times as good 
as bhadra, niranga iron, on the other hand, is ten times 
as good as pandi, and finally the kanta iron is one billion 
times as good as niranga. 

The iatrochemical treatise, Rasaratnasamuchchaya, 
describes three varieties of iron, distinguished as munda 
(cast iron), t2kshna (sharp iron or steel), and kanta 
(wrought iron). 

Munda again is subdivided into three types: mridu, 
kuntha, and kadara. That which melts easily, does not 
break, and has a glossy appearance is called mridu; 
that which expands with difficulty when hammered is 
known as kuntha; while one which breaks when struck 
with a hammer and shows a black fracture is described 
as kadara. 

Tikshna has also got six varieties: viz., khara, sara, 
hrinnala, tarabatta, bajira, and kala lauha (black metal), 
distinguished by their difference in appearance, nature 
and appearance of fracture, elasticity, and brittlaness. 

Kanta has also been distinguished into five kinds: 
namely, bhramaka, chumbaka, karshaka, dravaka, and 
romakanta. The variety which makes all kinds of iron 
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move about is called bhramaka; one which kisses iron is 
named chumbaka; one that attracts iron is called kar- 
shaka; that which helps melting iron is called dravaka; 
and that which, when broken, shoots forth hair-like 
filaments is termed romakanta. 

From what has been said about the properties of 
different varieties of iron, it is apparent that munda 
represents cast iron owing to its brittleness and black 
fracture; tikshna can be identified with steel in view of 
its strength, elasticity, and sharpness; and kanta 
stands for wrought iron being the purest and the best 
form of iron. 

One very striking property of the wrought iron manu- 
factured by the ancient Hindus is its remarkable re- 
sistance to corrosion, as has been particularly noticed 
in the case of the famous Delhi pillar. It is difficult 
to account, for it. Dr. A. 8. Cushman and Prof. H. Le 
Chatelier (8) are of opinion that the absence of manga- 
nese with low sulfur and high phosphorus ¢éontent is pri- 
marily responsible for the strikingly high corrosion re- 
sistance and the exceptional durability of the Delhi 
pillar and the other specimens of the ancient Indian iron. 
It is, however, more likely that their resisting power is 
due to a thin film of magnetic oxide of iron mixed also 
with some sulfide of iron, produced on the surface of the 
metal by treatment like heating and quenching after 
being painted with a mixture of different salts and or- 
ganic substances. There are evidences of iron being 
subjected to such treatment for improving their qua ity 
in some of the Indian alchemical treatises. 

Iron produced in ancient India was mostly wrought 
iron. For, with their use of charcoal as fuel, the tempera- 
ture raised in the furnace could not have been high 
enough to melt the metal and thus to ensure absorption 
of carbon for the production of cast iron. At the low 
temperature thus prevailing in the furnace, the whole 
of the ore used, however, was never completely reduced, 
and a large portion escaped reduction. Furnaces em- 
ployed resemble those of the Catalan type. 

Steel has been prepared and used in India from very 
early times. We find its use in the making of a large 
number of surgical instruments described in the Ayur- 
vedic treatise Susruta of the‘pre-Buddhistic era. It has 
been also mentioned by some ancient writers that about 
40 lb. weight of steel was presented by King Porus to 
Alexander the Great, who conquered his kingdom. It is 
believed that the Indian steel was exported to the west- 
ern countries as early as 2000 years ago. It was known 
in Europe as ‘‘wootz.”’ This seems to have been manu- 
factured from a very early time in Nizam’s dominion, 
Mysore, Salem, and other parts of the Madras Presi- 
dency. This was the metal from which the famous 
Damascus blades were prepared. The Indians were 
noted for their skill in the tempering of steel, and it was 
from them that the secret of the operation was learned 
by the Persians and, through them, the Arabs. Steel 
was produced in early days in India by a process resem- 
bling the modern cementation or crucible process. 
Wrought iron was produced directly from magnetic iron 
ore and charcoal. This was then heated in closed _cru- 
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cibles with dry wood chips, stems and leaves of plants in 
a charcoal fire maintained by blowing air with large 
bellows. The process was completed in 4-6 hours, 
whereas the modern cementation process generally takes 
up 6-7 days. The steel first obtained was heated again 
in closed crucibles whereby the excess of carbon was 
burned off. Sometimes water was poured on the hot 
metal which was thus hardened on being quenched. 

Descriptions of the sulfide ores of iron are given in the 
ancient Hindu medical treatises like Charaka and Sus- 
ruta. Their general name was tapya, as they were ob- 
tained from the bank of the river Tapi. Two varieties 
of tapya, golden and silver, were distinguished in the 
Ayurvedic literature. Latterly the name makshika 
was substituted for tapya, and the two varieties were 
designated as swarna makshika (golden or copper py- 
rites) and raupya makshika (silver or iron pyrites). 

Oxide ores of iron are described in Kautilya’s Artha- 
shastra of the 4th century B.c., where it is stated that 
their color is either orange, or red like vermilion. They 
evidently refer to hematite, limonite, or ochres. The 
name gairika was subsequently used for these ores, and 
the two varieties were distinguished as pashana gairika 
(hematite), which is hard and copper-colored, and 
swarna gairika (limonite or yellow ochre), z. e., of the 
color of gold. Ochres were also used in early days for 
dyeing clothes. 

Of the compounds of iron, the methods for the prepa- 
ration of the oxide and the sulfide have been described 
by the well-known Indian alchemist Nagarjuna in the 
8th century A.D. As in the case of copper, these proc- 
esses for preparing the oxide and the sulfide were known 
as “killing” of the metal, and the products passed under 
the name of “killed iron” for use as drugs. Charkapani 
(11th century A.D.) recognized that killed iron (the ox- 
ide variety) and mandura (the rust of iron) possess iden- 
tical properties. Mandura was as a medicine. 

A product, obtained by heating iron with a mixture 
of salts including the common salt, has also been de- 
scribed. It obviously contains ferrous chloride and oxy- 
chloride of iron besides the unacted metal and its oxides. 
The process has been described in the Ayurvedic trea- 
tise Susruta as ayaskriti (roasting of iron) which renders 
the metal fit for internal administration. When the 
mixture of salts contained vitriols and alums, sulfates 
and basic sulfates were also formed. The mixture of 
the salt used was technically called “vida” in the later 
alchemical treatise Rasarnava, as already mentioned. 
The process ayaskriti had been applied to all the metals 
known in those days and may be viewed as a crude and 
imperfect method for the preparation of metallic salts 
in general, as the mineral acids were then not known. 

Green vitriol or ferrous sulfate has been mentioned in 
Charaka and Susruta under the name kasisa. It has 
been further distinguished in Rasaratnasamuchchaya 
(14th century A.D.) into two kinds: valuka- or dhatu- 
kasisa, the green variety, and pushpa-kasisa, the basic 
yellowish variety. This has also been mentioned in an 
earlier tantric treatise, Rasakalpa or Rudraymala 
‘Tantra. 
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Among the other metals gold and silver were known 
from time immemorial in ancient India. They were 
also used in medicine from very early times after under- 
going processes of purification and killing. Rasaratnasa- 
muchchaya mentions of a variety of gold which is ob- 
tained by the transmutation of the baser metals. It is 
difficult to decide what it refers to. Obviously, it can- 
not be brass or bronze, both of which were well known 
at the time. The process of killing gold by roasting with 
saltpeter, green vitriol, borax, salammoniac, salt, etc., 
in covered crucibles, as described in Rasarnava, pos- 
sibly led to the partial formation of gold chloride. 
Roasting or killing with sulfur in the same way evi- 
dently gave rise to the sulfide of gold. That silver can 
be easily alloyed with lead and tan be purified by this 
means has been described in Rasaratnasamuchchaya as 
follows: 


“Silver melted with lead and borax undergoes purification .. .. 
Arrange on an earthen dish a mixture of lime ard ashes in a cir- 
cular row and place in it silver with its equal weight of lead. 
Now roast it over fire until the lead is consumed. Silver, thus 
purified, is to be used for medicinal purposes.” 


The process practically resembles that of cupellation 
and is mentioned also in the earlier treatise Rasaratna- 
kara of Nagarjuna (8th century A.p.). The method 
employed for killing silver by heating it with sulfur or 
orpiment in a covered crucible over a sand bath obvi- 
ously leads to the formation of sulfide. 

Two varieties of tin have been distinguished by the 
author of Rasaratnasamuchchaya: kshurakam and 
misrakam. The former is white, soft, readily fusible and 
bright, and does not clink when struck. The latter is 
dirty white. This reminds one of white and grey tin. 
The same author gives a method of reducing tin to 
ashes by heating it with orpiment and plant ashes. 
This obviously leads to the formation of tin sulfide. 
Another recipe given in Rasendrasarasamgraha, which 
consists in heating the metal with plant ashes over fire 
with constant stirring of the molten mixture, is likely 
to yield the oxide of tin. 

Lead has been described in Rasaratnasamuchchaya 
as a readily fusible, very heavy metal with a black and 
bright appearance on fracture. It was supposed to 
possess a fetid odor. The author gives a recipe for ob- 
taining a bright red ash of the metal by heating it 
strongly with plant ashes and mercury in air while stir- 
ring the mixture continuously with an iron spoon. 
Both Rasendrachintamani and Rasendrasarasamgraha 
describe a process for converting lead into a vermilion- 
like powder, in which the metal is heated with plant 
ashes repeatedly for seven times as described above. 
The process evidently yields red lead. The method de- 
scribed for killing the metal by heating with orpiment 
in a closed crucible leads, as in other cases, to the forma- 
tion of its sulfide. An alloy made of lead, iron, copper, 
kamsya (bronze), and pittala (brass) has been described 
in Rasaratnasamuchchaya under the name of vartalo- 
ham. It may, therefore, be regarded as an alloy of five 
metals: lead, iron, copper, tin, and zinc. 
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MERCURY 


Mercury (Parada) has been mentioned in Susruta 
Vagbhata. But it was particularly studied by the In- 
dian alchemist, Nagarjuna, and in his treatise Rasarat- 
nakara the detailed recipes for the preparation and puri- 
fication of mercury and of its Compounds are given. 
Mercury has been described by Nagerjuna as the king of 
rasas (minerals). The word rasa was subsequently re- 
served for signifying mercury, the study of whose prop- 
erties became the central theme of Indian alchemy. 
Preparation of mercury by distillation from cinnabar 
has been described in Rasaratnakara and Rasaratnasa- 
muchchaya. Cinnabar was known as darada from Dar- 
distan, the mountainous region about Kashmir, from 
where it was obtained. Mercury was, therefore, re- 
garded as an essence of darada, of which the latter was 
also known as hingula. Purification of mercury from 
lead and tin by digestion with sour gruel, followed by 
distillation, has been described in the alchemical trea- 
tise, Rasahridaya of Bikshu Govinda. A description of 
the apparatus for the sublimation and distillation of 
mercury has also been given by the author. The appa- 
ratus employed for the purpose and known as ‘‘Patana 
Yantram”’ consists of two vessels, so adjusted that the 
neck of one fits into that of the other, the junction being 
luted airtight with a composition made of lime, sugar, 
iron, and milk. The lower vessel is heated over a fire, 
when the sublimate collects on the under surface of the 
upper vessel. The description of this process and the 
apparatus has been quoted verbatim in later works like 
the alchemical treatise, Rasendrachudamani by Soma- 
deva and the iatrochemical treatise, Rasaratnasamuch- 
chaya. In these latter there are descriptions of im- 
proved apparatuses for the purpose. These are called 
“Dheki Yantram” and “‘Vidyadhara Yantram.” In 
the former the distilling vessel is a closed pot below the 
neck of which there is a hole, and into this is introduced 
the upper end of a bamboo tube, the lower end of it 
fitting into a brass vessel filled with water and made of 
two hemispherical valves. Vidyadhara Yantram con- 
sists of two vessels, one placed over the neck of the 
other. The upper one contains cold water, and the 
mereury condenses at its bottom when the lower one 
containing cinnabar is heated over a fire. Killing or 
fixing of mercury by heating with sulfur in closed ves- 
sels, which obviously yields its sulfide, has been de- 
scribed in Rasaratnakara, Rasarnava, and Rasaratna- 
samuchchaya. The process of fixation as described in 
the latter two treatises is given below. 


(1) “Mercury is to be rubbed with its equal weight of gold 
and then further admixed with sulphur and borax, etc. The 
mixture is then to be transferred to a crucible, which is then cov- 
ered with its lid and submitted to gentle heating. By partaking 
of this elixir (sublimate) the devotee acquires a body not liable 
to decay.” 

(2) ‘Take mercury and one-fourth its weight of killed gold 
and with the addition of sulphur make a ball. Now add an equal 
weight of sulphur and roast the mass in a covered crucible. The 
mercury thus treated is afterwards killed with six times its weight 


of sulphur.” 
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The shining reddish brown crystalline sublimate of 
the sulfide of mercury, thus obtained, is a very well- 
known remedy in the Hindu system of medicine. It is 
reported to be a panacea for all the ills that human flesh 
is heir to. In the Hindu medical treatises the red sulfide 
of mercury, prepared by heating mercury with sulfur, 
is described as “Makaradhwaj” and “Rasasindura” 
(minimum like mercury). When prepared as described 
above with the use of gold, it is often called “Swarnasin- 
dura” (gold vermilion). Of course, the sublimate of 
mercury sulfide cannot contain any gold which is left 
behind. But the product, prepared in the presence of 
gold, is believed to be much more efficacious than when 
made in its absence. 

Preparation of the black modification of mercury 
sulfide under the name of kajjali or rasaparpati has also 
been described in Rasaratnakara, Siddha Yoga of 
Vrinda, and in Chakrapani. The process consists in 
rubbing together mercury and sulfur in a mortar. 

A process of killing mercury has been described in 
Rasarnava, which evidently yields calomel. In this, 
green vitriol, alum, salt, borax, and some other vege- 
table drugs are heated together with mercury in a cov- 
ered crucible. The white sublimate is to be collected. 


Similar descriptions are found also in various other 
later alchemical and iatrochemical treatises: viz., Rasa- 
prakasa Sudhakara, Rasapradipa, Rasendrachinta- 
mani, Rasendrasarasamgraha, and Bhavaprakasa. The 
product rasakarpura (calomel) was recommended as a 


remedy for leprosy and syphilis. 

’ Killing of mercury with the aid of purely vegetable 
products has been described in Rasaratnasamuchchaya. 
This obviously gives the oxide of mercury (yellow or 
red), as the metal, on being heated with plant ashes, is 
finally converted into the oxide. ; 

The processes described for killing or fixing metals by 
the ancient Indian workers lead evidently to the forma- 
tion of their oxides, sulfides, or chlorides. The prod- 
ucts were generally known as bhasmas (ashes). Accord- 
ing to Hindu workers there are thus four kinds of mer- 
cury bhasma, namely, black (kajjalz), red (rasasindura— 
vermilion), white (rasakarpura, calomel), and yellow 
(mercuric oxide). ; 

Zine has been extracted in India from calamine as 
early as the 8th century A.D. Preparation of zinc as the 
essence of calamine, by heating the latter in a covered 
crucible with carbonaceous matter, has been described 
in Rasaratnakara by Nagarjuna. Calamine was known 
in India as rasaka or kharpara in the Ayurvedic age and 
was employed for making brass. Both Rasarnava 
and Rasaratnasamuchchaya give a detailed account of 
the extraction of zinc from calamine. The process de- 
scribed in the latter treatise is so elaborate that it may 
be transferred bodily without any change into any 
modern textbook of chemistry. It utilizes the princi- 
ple of distillation per descensum and takes note of the 
bluish flame of burning carbon monoxide. The follow- 
ing gives a literal translation of the original text: 


“‘Calamine is to be powdered with lac, treacle, white mustard, 
myrobalan, natron and borax, and the mixture boiled with milk 
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and clarified butter. This is thén made into balls. The balls 
are dried and afterwards heated in a ‘Kosthi’ apparatus. The 
apparatus consists of a vessel closed with a perforated saucer 
over which is inverted another vessel charged with the balls as 
prepared above. The lower vessel contains cold water and is 
placed in position in a hole under the ground; the upper vessel 
lying over the ground is strongly heated by means of charcoal 
fire. Metallic zinc drops or distils into the water below. In 
another method a tubulated crucible is filled with the above 
mixture made of calamine. The mouth of this crucible is then 
closed with another inverted overit. On the application of heat, 
when the flame issuing from the molten calamine changes from 
blue to white, the crucible is caught hold of by a pair of tongs 
and is thrown on to the ground with its mouth downards. The 
essence, possessing the lustre of tin, which is dropped, is collected 
for use.”’ ° 

In the beginning the Indian alchemists did not quite 
recognize the essence of calamine as a separate metal. 
But, later on in the 14th century, it came to be classified 
as a new metal under the designation of Jasada. Killing 
of zine by heating it with orpiment has also been men- 
tioned in Rasaratnasamuchchaya. This evidently 
yields a mixture of sulfide and arsenide. 

There is no mention of antimony as a distinct metal 


in Indian alchemical treatises. Naturally occurring 


sulfide of lead and of antimony were, however, distin- 
guished as sauviranjana and nilanjana, respectively. 
They were both regarded as wparasas or inferior miner- 
als and valued for use as anjanas (collyrium). We find, 
however, in Rasendrachudamani of Somadeva that 
nilanjana mixed with tikshna (steel) and heated several 


times yields a superior kind of lead, which is readily 
fusible and is of mild black color. The metal antimony 
was thus confounded with lead, and particularly nilan- 
jana (stibnite) was often mistaken for sauviranjana 
(galena). The use of stibnite and galena has been 
mentioned even in the Ayurvedic treatises of Charaka 
and Susruta. 

Color of Flames. That flame is colored by many met- 
als and metallic compounds was known to the metal 
workers in early India. The blue color, produced in a 
flame by copper and its compounds, has already been 
referred to. The tantric treatise Rasarnava thus writes: 

‘Copper yields a blue flame ...that of the tin is pigeon col- 
oured, that of the lead is pale tinted, . . . that of iron is tawny,. .” 


OTHER MINERALS AND METALS 


A few more minerals and metallic compounds with 
which the ancient Indians were familiar may now be 
mentioned here. 

Sulfur has been used as a medicine in ancient India 
from the Vedic age. It is, however, mentioned in the 
alchemical and iatrochemical treatises that there are 
four kinds of sulfur: yellow, white, red, and black, the 
last one being rare. 

Both realgar (manassila) and orpiment (harital) have 
been freely used as medicines in ancient India from the 
Ayurvedic age. 

Alum has been mentioned in Susruta and Rasarnava 
as saurashtri from Saurashtia (modern Surat) where it 
was found. Its other name is twari. It is stated in 
Rasaratnasamuchchaya that tuvari dyes cloth and fixes 
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the color of madder. Generally it was used in medi- 
cine. 

Sodium sulfate and magnesium sulfate were both 
denoted by the same term kamakustham in the alchemi- 
cal treatises Rasakalpa and Rasarnava, and no distinc- 
tion seems to have been made between them. 

Saltpeter or niter was known in the time of Sukraniti 
and Rasarnava, and the term sawvarchala was applied 
toit. It is one of the five salts mentioned in Charaka. 

Treatises of the alchemical period make mention of 
another salt under the name of navasara or chulika- 
lavana, which means sal ammoniac. Chulika-lavana is 


. literally salt deposited in the hearth. 


Rajavarta is the term which was applied to lapis 
lazuli by the Indian alchemists. 

Among the other minerals known to the early Hindus 
mention may be make of abhra or kechara (mica) and 
vaikranta (spinels). Their different varieties and color 
have been described in some details in Rasaratnasa- 
muchchaya. 

A fairly detailed knowledge of physical and chemical 
properties of a large variety of minerals, valued as gems 
or precious stones, was acquired by the ancient Indians 
as early as the 3rd or 4th century a.p. Testing of 
genuineness or otherwise of gold and gems, and a knowl- 
edge of their coloring, constituted one of the sixty-four 
branches of arts and sciences recognized in the ancient 
treatise, Kamasutra of Vatsayana. Much useful in- 
formations on the subject are found also in Vrihat- 
samhita of Varahamihira, composed in the 6th century 
A.D. Gems were valued in India from time immemorial 
not only for decorative and ornamental purposes as 
jewels, but they were also largely used ‘as an antidote 
against bad luck and evil influences of unfavorable plan- 
ets. Since their values were believed to depend upon 
their purity and freedom from all physical defects, 
methods for their testing were fairly well developed. 
These related to their relative weight, hardness, luster, 
transparency and color, fusibility—particularly when 
heated with alkalies, presence of impurities or adultera- 
tions, crystalline character, etc. Diamond was recog- 
nized as the hardest of all, for a diamond alone will 
scratch a diamond. After diamond, corundum was 
placed next in order of hardness. Both ruby and sap- 
phire were regarded as varieties of corundum only. 
Change in color undergone by some of the gems, such as 
ruby and sapphire, under the influence of heat has also 
been carefully observed. The octahedral character of 
diamond crystals has been described by many workers 
of those days as having six angles, eight faces, and 
twelve edges. 


KNOWLEDGE OF ALKALIES AND ACIDS 


I shall now conclude this article after giving a brief 
account of the knowledge of alkalies and acids as were 
known to the ancient: Indians. d 

So far as the preparation of caustic alkali is concerned 
it may be stated without any fear of contradiction that 
the early Hindus attained a high degree of perfection in 
this respect. This is evident from the following descrip- 
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tion of the preparation of alkaline carbonates and caus- 
tic alkalies from the Ayurvedic treatise Susruta (circa 
5th century B.c.). 


“Various plants (their names are given in the original text) are 
collected, cut into pieces and then burnt. Thirty two seers 
(about 2 pounds make a seer) of the ashes thus produced should 
be stirred or mixed with six times their quantity of water and 
then strained through cloth. This should be repeated twenty-one 
times. The strained fluid should then be boiled slowly in a large 
pan and agitated with a ladle. When the fluid becomes clear, 
pungent and soapy to the feel, it should be removed from the fire 
and strained through cloth. The residue being thrown away, 
the strained fluid should be again boiled. From this alkaline 
solution take three quarters of aseer. Then take eight palas (one 
pala is about 38 gm.) each of burnt limestone, conch shell and 
bivalve shells, and heat them in iron pan till they are of the colour 
of fire. Then moisten them in the same vessel with the above 
mentioned three quarters of a seer of the alkaline water and re- 
duce them to powder. This powder should be thrown on sixty- 
four seers of the alkaline water, and boiled with constant and 
careful agitation by the ladle. Care should be taken that the 
solution is neither too thick or thin. When reduced to proper 
consistence, the solution should be removed from the fire and 
poured into an iron jar. The opening or the mouth of the jar 
should be covered and it should be kept in a secluded place. 
This preparation is called madhyama kshara or alkaline caustic of 
middling strength. When the alkaline water is simply boiled to 
the proper consistence (first stage) without the addition of burnt 
shells ete., the preparation is called mridu kshara or weak alkaline 
solution.” . 


We thus find that a clear ‘distinction was made be- 
tween alkaline carbonate (mridu kshara) and caustic 
alkali (madhyamik and tikshna kshara). Kshara is the 
term applied generally to alkali. Mridu, madhyamik, 
and tikshna in the literal sense mean respectively mild, 
medium, and sharp or strong. Products obtained in 
this manner are evidently potassium carbonate and 
caustic potash. But we also find other varieties of alka- 
lies mentioned in the alchemical treatise Rasarnava and 
in the iatrochemical treatise Rasaratnasamuchchaya. 
These are, namely, borax (tankanam), sodium carbon- 
ate—trona or natron (sarjika-kshara), and potassium 
carbonate (yava-Kkshara). 

The early Indians were well acquainted with many 
organic acids, both naturally occurring and prepared 
by fermentation from starchy materials. The term 
kanjika (fermented rice water) has been applied to the 
latter, which is evidently crude vinegar. The neutaliza- 
tion of acid by alkali.was also recognized in those days, 
and Susruta thus accounts for the process of neutraliza- 
tion: 

“Tf you question, my son, how is it that the application of the 
pungent acid of kanjika relieves the burning of the fire-like hot 
alkaline caustic, then hear the following explanation from me. 
Alkalies possess all the tastes except that of the acid. The acrid 
taste prevails in it and the saline one to a less degree. The sharp 
saline taste, when mixed with acid, becomes very mild, and gives 
up its sharp quality. From this modification of the saline taste, 
the pain of caustic is relieved as fire is extinguished by water.” 


Alkalies have been recommended in Susruta both for 
external and internal uses as a remedy for a variety of 
diseases. It is thus stated: ‘ 


“‘Alkalies are of two sorts, namely for external application and 


internal administration. They are used externally in the skin 
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diseases called kustha (leprosy), in keloid, ring worm, leucoderma, 
lepra, fistula-in-ano, tumors, unhealthy ulcers, sinuses, moles, 
warts, piles, external inflammations, diseases of the mouth, 
throat, gum, etc. Alkaline solutions are administered internally 
in chronic or slow poisoning, abdominal tumors, loss of appetite, 
indigestion, urinary deposits, calculi, intestinal worms, piles, 
Ce eared 


Of the naturally occurring organic acids we find in 
Rasaratnasamuchchaya the mention of citrons and 
lemons, tarmaind, oxalis corniculata, the acid exudation 
of Ziziphus jujuba, pomegranata, etc. 

The mineral acids were, however, unknown to the 
Indians until at a later period in the alchemical age. 
The distillation of alum, referred to in Rasarnava and 
of green vitriol in Rasaratnasamuchchaya, obviously 
give rise to some sulfuric acid. Only in some medical 
works of the 16th and 17th centuries, the preparation 
of mineral acids has been described in some details. 
In these, directions aie given for distilling a mixture of, 
among other things, alum, green vitriol, sal ammoniac, 
saltpeter, and borax in a glass retort. A dilute solution 
of nitro-muriatic acid is thereby obtained, which is rec- 
ommended in a remedy in derangement of liver and 
spleen. It is called samkha dravaka (lit. solvent for 
conch shell) and is described as endowed with the 
property of dissolving metals. The term dravaka (sol- 
vent) seems to have been used for the mineral acids. 

Recipes for the preparation of the three mineral acids, 
sulfuric, nitric, and muriatic acid, have been found in 
the writings of many workers of the Mogul period, par- 
ticularly during the reign of Emperor Akbar. It is 
given there that sulfuric acid is prepared by burning 
sulfur with a small piece of niter in strong earthen ves- 
sels. Nitric acid is prepared by distilling a mixture of 
saltpeter and alum; and muriatic acid from the distilla- 
tion of a mixture of common salt and alum. 

This concludes a more or less synoptic survey of the 
achievements of the Indians of the ancient and mediae- 
val ages in the field of practical chemistry; and it can 
be stated without any fear of contradiction that it is 
by no means a poor record for-that time.! 


LITERATURE CITED 


(1) For a comprehensive account of the Indus Valley Civilization 
see: ‘Sir John Marshall, Mohenje-daro and the Indus 
Valley Civilization,’ Vol. I & II, Arthur Probsthain, Lon- 
don, 1931. 

(2) Ibid., Vol. IT. 

(3) HapFrexp, J. Iron Steel Ind., 85, 1,170 (1912). 

(4) Roscog, H. E., and C. ScHortemMmeEr, ‘Treatise on Chemis- 
try,” Vol. II, Macmillan & Co., London, 1907, p. 1146. 

(5) Fereusson, “History of Indian and Eastern Architecture,” 
Vol. II, p. 280. 

(6) Presidential Address, Inst. Mech. Engrs., London, 1905. 

(7) Neoat, P., Indian Assoc. Cultivation Sci., Calcutta, India, 
Bulletin 12 (1914). 

(8) Cusuman, A. S., J. Tron Steel Ind., 177 (1912); H. Le 

Chatelier, zbid., 180. 





‘For a very comprehensive account on the subject of this 
article special reference should be made to: P. C. Ray, ‘History 
of Hindu Chemistry,” Vol. I, Chuckervertty, Chatterjee & Co., 
Ltd., Calcutta, 1925; and P. Neoat, “Iron in Ancient India”; 
“Copper in Ancient India,” The Indian Assoc. for the Cultiva- . 
tion of Science, Calcutta, 1918. 








te LABORATORY COURSE IN AROMATIC 
CHEMISTRY BASED ON SEQUENCE SYNTHESES 


Orxs or rue features of the laboratory course in aro- 
matic chemistry which students at this college find most 
attractive is the “sequence synthesis’ assignment. 
Beginning with the fourth or fifth laboratory period, 
the student undertakes, in addition to his regularly 
scheduled experiments, a series of syntheses in which 
the product of the first reaction is the starting mate- 
rial for the second reaction, etc. The ‘‘sequence syn- 
thesis’ runs to the end of the semester. Allocation of 
time for this work is arranged by the student himself 
so that it does not interfere with his other preparations. 
The product chosen as the final objective of the ex- 
tended synthesis derives interest not only from the 
fact that it is relatively difficult to prepare but generally 
also because it finds application in one of the several 
branches of Applied Chemistry. 

The following are typical sequences that have been 
found suitable for inclusion in our course: 


1) Benzyl chloride — benzyl cyanide — p-nitrophenylacetic 
acid — p-aminophenylacetic acid — p-bromophenyl- 
acetic acid 

(2) Nitrobenzene — hydrazobenzene — benzidine — Congo 
Red 

(3) Toluene — saccharin 

(4) Phenol — coumarin 

(5) p-Nitrotoluene — esters of p-aminobenzoic acid 


In contrast to the usual one-step “prep” these syn- 
theses are Jengthy projects. The student is stimu- 
lated to exert his best efforts in order that at the end 
of the semester he may, with pride, present a ponder- 
able sample of a chemical which he has literally wrested 
from a maze of products and by-products that threat- 
ened to engulf him. He has had to think of timing his 
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work carefully. He has generally had to consult 
references other than his own text and laboratory 
manual; he may even have had the new experience 
of consulting original papers. He has very likely 
encountered reaction types which would otherwise not 
have come within his ken in an undergraduate labora- 
tory. ca 

One incidental but important experience that is an 
outgrowth of the ‘‘sequence synthesis” is the practice 
of paying more than usual attention to the properties 
of intermediates so that they may be properly stored 
until needed. . 

Many of the advantages of interest and self-discipline 
that accrue to a student from carrying through a “‘se- 
quence synthesis” can be gained from a laboratory 
course in aromatic chemistry in which all the prepara- 
tions are part of a small number of major sequences. 
The starting material for each of these sequences in 
this plan is benzene, so that in effect all aromatic 
products are totally synthesized from the parent hydro- 
carbon. (One need not approach any more closely 
the popular starting materials, “coal, air and water.’’) 

A variety of undergraduate laboratory courses in 
aromatic chemistry can be devised in which the pre- 
parative experiments are based on sequence syntheses. 
They must all be designed, however, to include sam- 
plings of the common aromatic reaction types (such as 
Friedel-Crafts reaction, nitration, etc.) and to afford 
practical instruction in a number of standard manipu- 
lative’ skills (e. g., vacuum distillation, recrystalliza- 
tion, use of mechanical stirring, etc.). 

_The scheme proposed below has the virtue of re- 
quiring possibly the least modification of currently 
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accepted course plans, since a large number of the 
syntheses presented in widely used laboratory manuals 
derive from either nitrobenzene or benzaldehyde. 

A listing of these experiments is presented below 
giving experiment number, name of the reaction illus- 
trated, and reference to detailed directions which can 
be adapted to the requirements of this course: 





Experiment 








Number Reaction Illustration Reference 
I; I’ Nitration (la; 2) 
II; II’ Reduction of —NO, to —NH, (1b; 3) 
Ill _Diazotization and hydrolysis (1c) 
IV Acetylation of —NH,2 (1d) 
Vs Chlorosulfonation and ammonolysis (le) 


VI __—— Diazotization and coupling; formation (4) 
of anazo dye 


VII Chloromethylation (8) 
VIII __—s Friedel-Crafts reaction (1f) 
IX Controlled side-chain oxidation (6a; 6b) 
* X  Cannizzaro reaction (1g) 
XI; XI’ Perkin reaction ( th: 7) 
XII Reimer-Tiemann reaction (8a) 
XIII =Skraup synthesis (17) 
XIV Benzoin condensation (1j) 
XV = Oxidation of a secondary alcohol (1k) 
XVI Benzilic acid rearrangement (1) 
XVII Side-chain oxidation; decarboxylation (2b) 
XVIII Formation of a phenolic ether (9a) 
XIX ~~ Reduction of a diazonium compound (1m) 
XX —_—s Reduction of a secondary alcohol (10) 
XXI _—— Controlled reduction of —NO:; benzi- (9c) 


dine rearrangement 
Sandmeyer reaction 
Stephen reaction 


XXII 


(8b) 
XXIII (11a; 11b) 





Obviously more experiments are included here than 
can be performed by each student in a one-semester 
course affording four hours of laboratory work per 
week. The instructor will have to make adjustments 
in the outline to accommodate it to his requirements. 
He may wish to cut short one or more of the sequence 
branches; he may, in order to include as many types of 
synthesis as possible, reduce some to test-tube scale; he 
may havea portion of the class work on one sequence 
while another follows a different but closely related 
sequence. This last procedure has much to recom- 
mend it, for it introduces additional elements of variety 
and interest into the laboratory and permits a student 
to observe the techniques and practices involved in 
experiments which he has not the opportunity to per- 
form himself. 

A laboratory course based on sequence syntheses al- 
lows for interesting variations in the scale of opera- 
tions. Here, too, the instructor will wish to exercise 
his own discretion and preference. He may give the 
student (or class) one bottle of benzene at the be- 
ginning of the semester and announce that no addi- 
tional starting material or other aromatic compound 
will be supplied.2 The student will therefore start 





1 For example, one-half the class may prepare aniline while 
the other prepares m-phenylenediamine. The same division of 
work applies to the preparation of cinnamic acid and of coumarin. 

2 In case of accident or other unusual circumstance this decree 
will have to be interpreted liberally. 


-aromatic types. 
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his sequences with relatively large-scale laboratory 
“preps” —which, incidentally, utilize inexpensive ma- 
terials—and in the course of the semester he will gain 
experience in the use of progressively smaller quanti- 
ties of material and appropriately scaled apparatus. 
His manipulative skill will be increasing with practice 
while at the same time his need for exercizing that 
skill will be continuously sharpened by’ the knowledge 
that small losses of product become ever more im- 
portant on a percentage basis and that only the in- 
telligent application of the laboratory arts will as- 
sure him of achieving the final product of a sequence. 

If a student occasionally succeeds in obtaining only 
disappointing yields, he may have to conclude his se- 
quences by experiments on a semi-micro scale. It is 
not to be inferred, of course, that instruction in semi- 
micro techniques is offered as a reward for poor success 
in synthesis. The instructor may wish to include one 
or more small-scale syntheses at the end of the semester 
as an integral part of the program, and with this pur- 
pose in mind he will suitably calculate the quantity of 
starting material he dispenses at the start. 

Alternatively, the instructor may desire that all the 
preparations be made on approximately the same 
scale. In that case the student (or class) prepares 
each chemical in the sequences chosen but not the total 
quantity that is required for the subsequent step. The 
balance is supplied from stock, and the student will 
readily adjust to the idea that if he had scaled up 
earlier experiments he would indeed have prepared 
all his compounds from one sample of benzene. 

The suggestions presented in this paper apply only to 
the preparative aspects of a laboratory course in aro- 
matic chemistry. It is assumed that the course in- 
cludes numerous test-tube experiments which illustrate 
qualitatively characteristic reactions of the various 
No recommendation is made con- 
cerning the genesis of the aromatic reagents which 
may be needed for these tests. 

The author intends to prepare a syllabus of experi- 
ments and to have his students at this college assay the 
success of a sequence synthesis course. It is hoped 
that instructors elsewhere will be inclined to initiate 
similar plans and to report their findings. 

It is a pleasure to acknowledge the friendly interest 
of Professors Louis Sattler and Elise Tobin of this de- 
partment in this project. 
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‘od A POTENTIAL ENERGY MODEL FOR 
DISPLACEMENT REACTIONS 


A very common type of chemical reaction is the dis- 
placement reaction X + YZ—XY + Z, where the 
letters may represent atoms or groups of atoms with or 
without charge. While conducting a course dealing 
with some theoretical aspects of organic chemistry, it 
was foreseen that a model of a typical potential energy 
surface for a triatomic system would be of value. Such 
a model serves as a concrete object upon which a num- 
ber of theoretical discussions may be focussed for the 
edification of the student. The purpose of this com- 
munication is to describe the construction of such a 
three-dimensional model and to point out its utility in 
the classroom. 

Historical Background: In 1929 an empirical equation 
was proposed by Morse’ (1) which expressed the po- 
tential vibrational energy of a diatomic molecule as a 
function of the internuclear distance. 


Ei = D(e“*¢-*0 roer 2e-o-"0)) (1) 


where £, = potential vibrational energy; D= heat of 
dissociation; 7 = distance between nuclei correspond- 
ing to the lowest vibrational state, z e., when the vi- 
brational contribution to the total energy of the mole- 
cule is at its minimum; r—7 is the displacement from the 
equilibrium position; and a is at a constant determined 
from spectroscopic data and involving the frequency of 


vibration of the molecule in the lowest vibrational level. * 


According to the Heitler-London concept, the total 
binding energy between two atoms which share a pair of 
electrons may be considered in two portions, A +a; A 
being the coulombic interaction of the electrical charges 
in the system, and @ being the quantized exchange 
energy resulting from the sharing of electrons. Allow- 
ing A + a, B +6, and C + 7 to represent, respectively, 
the binding energies of the molecules XY, YZ, and XZ, 
London (2) has indicated that the binding energy of the 
three atom system X—Y—Z is given by: 


F,.=A+B+C+ v'/l(a — 8)? + (a — vy)? + (8B — vA 





assuming that E, = Exyy + Eyz + Exz. 

Now the binding energies, A + a, B + 6, andC + vy 
may be obtained from the curves resulting from plot- 
ting equation (1), the Morse curves for the respective 
diatomic molecules, for any chosen internuclear dis- 
tances. If, then, the ratios of A to a, B to B, and C toy 
are known, the total energy of the system for any given 
distances between atoms, X, Y, and Z may be caclu- 
lated from equation (2). For the hydrogen molecule, 
quantum mechanical calculations indicate that A, the 
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H-H Distance (A Units) 
Potential Energy Contour Diagram for System Cl-H-H 


coulomb energy, is about 10 per cent of the binding 
energy and a is about 90 per cent (3). 

It has been shown (4) that the path of approach of X 
to the molecule YZ which requires the least expenditure 
of energy is from the side opposite Z, the atom to be dis- 
placed, along a line joining the nuclei of the molecule. 
Eyring and Polanyi (3) pointed out that if the center 
atom Y is considered stationary and the distances 
between X-Y and Y-Z are plotted along two axes and 
the energy (E,) of the whole system for each set of 
distances is calculated and plotted along a third axis 
perpendicular to the plane of the other two, a surface in 
three dimensions is generated. This surface represents 
the potential energy, the binding energy of the system 
of three atoms as a function of the distances between 
them. Projection of such a surface upon the plane de- 
termined by the two distance axes gives a contour map 
on which each line connects all points having the same 
energy value. Eyring and coworkers have prepared 
such potential energy diagrams for a number of systems 
and Goodeve (5) has constructed several three dimen- 
sional models by projecting a photograph of such a con- 
tour diagram on the top of a plaster cube and cutting to 
the proper contours with a drill press. 

Construction: For our purposes it was decided that a 
model illustrating one of the reactions in thephotochemi- 
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cal chain formation of HCl would be quite instructive, 
so the second reaction in the following series was chosen. 
Ch+h, —Cl +Cl 


Cl +H, > HCl +H 
H +(Cl,— HCl + Clete. 


The internuclear distances may be indicated thus: 


‘1 Te 
ee nen 


Cr He -H 
“~~ 
T3 

The energy (A + a) for any CI—H distance 7; was 
picked off directly from the Morse curve for HCl as 
corrected by Hulburt and Hirschfelder (6) and the same 
was done for (C + y) usingr3. (B+ 8) was taken from 
the published Morse curve for Hz given in (3). B 
equals 10 per cent of B + 6. For HCl, on the other 
hand, the coulomb energy was assumed to be 20 per 
cent of the total binding energy, following the sug- 
gestion of Morris and Pease (7) that a coulombic term 
greater than 14 per cent would yield a calculated acti- 
vation energy more in accord with the experimental 
figure. 

The r; and 72 distances were scaled along axes at right 
angles to each other* and the energy corresponding to 
any chosen values of 71, 72 and, thus, rs was calculated 
from equation 2 and plotted. Drawing lines connecting 
points of equal potential energy produced the contour 
diagram. The lines differ by increments of 10 kg.- 
cal. The scale of distance is slightly less than, one 
Angstrém unit to an inch. : 

Sheets of clear colorless Lucite, 4 in. square and °/; 
in. thick were laid upon the diagram one at a time and a 
different contour line scribed upon each sheet. These 
were then sawed out by bandsaw, assembled in proper 
order one atop the next and cemented together, after 
power sanding convenient subassemblies from their 
step-like profiles to smooth surfaces. Thus the lines 
where the sheets are cemented represent potential 
energy levels differing by 10 kg.-cal. The units of dis- 
tance and energy were scribed on the proper axes and 
the whole assembly buffed to a high polish. 

Instructional Use: Detailed discussions of the signifi- 
cance of various regions on the potential energy surface 
may be found in (3), (4), and (4) as well as in textbooks 
of physical chemistry. Perhaps the following points 
will bear enumeration here, however. 

(a) The appearance of the Morse curves for HCl and 
H, on two sides of the model may be pointed out to the 
student. At this time one may cite studies of the band 
spectra as the source of such curves and the determi- 
nation of the dissociation energy from the convergence 
limit of the vibrational bands in the spectra and from 
thermochemical data on heats of formation. The “rest 
point” distances, so important in calculations of bond 
lengths, may likewise be pointed out on the model. 





* EYRING AND Po.Lany1 in collaboration with WIGNER (2) have 
shown that if the axes include an angle of 60° instead of 90°, the 
behavior of a small sphere rolling on the surface under the in- 
fluence of gravity represents the energy changes of the system. 











(b) Inasmuch as a very shallow crater seems to appear 
in the “pass” at the juncture of the two converging 
valleys, one may postulate the possibility of a triatomic 


intermediate, or reaction complex. This would possess 
such a slight stability, however, that its existence, if real, 
would be transitory. Furthermore, a Cl atom ap- 
proaching a He moleclule ascends a valley of such gentle 
slope to surmount the “‘pass,’’ it is seen that the energy 
of activation for the reaction Cl + H,-HCl + H 
should be low. The actual energy of .activation has 
been calculated (8) from direct experimental determi- 
nation of the temperature coefficient of the rate of re- 
action and found to be 6 kg.-cal. Careful theoretical 
calculations by the Eyring method outlined above have 
value of 10.5 kg.-cal. (9). This is a fair agreement con- 
sidering that Eyring had to assume an arbitrary value 
(14 per cent) for the coulombic term in the binding 
energy of HCl. 

(c) On the other hand, it should be brought to the 
attention of the student that mere possession of kinetic 
energy sufficient to surmount the pass does not insure 
that the atom will proceed to give a reaction product. 
This observation is often borne out by comparing actual 
rates of displacement reactions with the rates calcu- 
lated from collision numbers from kinetic theory. The 
model demonstrates the possibility that the approach- 
ing atom, upon reaching the pass, may return down the 
valley along which it approached, so that no reaction 
ensues. Furthermore, it has been recognized (10) that 
wave mechanical treatment of the system provides a 
definite, though exceedingly small, possibility for re- 
action to occur, even though the approaching atom does 
not possess a kinetic energy greater than the activation 
energy, via a kind of “leakage’’ through the barrier due 
to the quantum mechanical resonance. This possibility 
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has been recognized in devising mechanisms for the de- 
cay of radioactive nuclei. 

(d) The model corroborates the theory that, since a 
path requiring less energy is available (along the valley 
and over the pass), the formation of HCl does not pro- 
ceed by dissociation of the Hz prior to reaction with Cl. 
On the other hand, it does indicate the high probability 
that dissociated atoms will react to form molecules 
(rolling down the hill to one or the other of the valleys) 
by approaching to within 3—4 A. of each other, provid- 
ing there is a third body to carry away the energy which 
would otherwise dissociate the resulting molecule. 

(e) Finally it should be noted that in a few cases po- 
tential energy surfaces have been utilized in calculation 
of absolute reaction rates, since the rate of reaction 
should be determined, for the most part, by the actual 
number of atoms crossing the pass per unit time (//). 
The calculated results are in accord with experimentally 
determined values. 
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& FORMATION OF ANODIC FILMS ON ALUMINUM— 
A LECTURE DEMONSTRATION 


Ir 1s well known that the good corrosion resistance of 
aluminum is due to the presence of a natural film of 
oxide which begins to form as soon as the metal is ex- 
posed to air. This film is about one hundred thou- 
sandth of a millimeter thick (0.01 microns). 


INDUSTRIAL PROCESSES 


Through electrochemical action this oxide layer may 
be made much thicker, as much as a thousand times or 
more, to produce films from 0.005 to 0.025 mm. thick. 
This is usually done by making aluminum the anode 
and an inert metal the cathode in a solution of sulfuric 
or chromic acid under suitable experimental conditions, 
a process termed ‘‘anodizing”’; and the resultant film is 
described as the “anodic’”’ film. 

Anodic films on aluminum impart a number of ad- 
vantages to the metal due to the barrier which the 
thickened oxide layer interposes between the metal and 
its environment. The film possesses marked ability to 
resist the action of weather, abrasion, and many chemi- 
cals and is applied commercially to such objects as 
refrigerator ice cube trays, washing machine tubs, 
building spandrels, and knitting needles. The con- 


tinued growth of the oxide film depends upon the poros- 
ity of the film formed so that the high electrical resist- 
ance of the aluminum oxide does not seriously decrease 
The dyeing of the freshly formed 


the current flow. 
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anodic film also depends upon the adsorptive and por- 
ous properties of the oxide layer. 

The anodic oxidation of aluminum comprises the fol- 
lowing processes: cleaning, anodizing, dyeing, and seal- 
ing, with a thorough rinse in water between each proc- 
ess. The cleaning removes all grease and dirt so yield- 
ing a clean surface which is essential for uniform anodic 
oxidation. While direct current is customarily used in 
this process, alternating current may be employed also, 
in which case the two electrodes may both be of alumi- 
num. Under the latter conditions each electrode be- 
comes alternately anode and cathode and so the forma- 
tion of the oxide layer proceeds more slowly. On ano- 
dizing with the acids mentioned above there is little, if 
any, “valve” or rectifying action such as aluminum 
exhibits when immersed in solutions of weak electrolytes 
such as potassium alum. By varying the electrolyte, 
its concentration, the temperature, current density and 
duration of electrolysis, oxide films with a wide range 
of physical properties can be produced. The film after 
oxidation is quite porous and if immersed in certain acid 
dyes, becomes strongly colored. By immersion in boil- 
ing water, or “sealing’’ as it is called, the aluminum 
oxide loses this adsorptive property due to the closing 
of the pores by the formation of the aluminum oxide 
monohydrate. In this way the dye is sealed into the 
pores. This chemically inert oxide layer with its in- 
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creased electrical, corrosion, and abrasion resistance is a 
very valuable and attractive finish which has found an 
increasing number and variety of commercial applica- 
tions. 


LECTURE DEMONSTRATIONS 


The formation of this anodic film followed by tests of 
its porosity and electrical resistance may easily be 
demonstrated within,a lecture period and should effec- 
tively arouse student interest in these unique anodic 
oxide coatings. 

Apparatus required: variac transformer; a.-c. am- 
meter (5 amperes); Pyrex beakers, 600 ml.; electrode 
clips with side hooks for hanging on wall of the beaker; 
glass spiral water cooling coil. . 

Chemicals required: NaOH solution, 50 g./1, 65°C.; 
H2SO, solution, 150 ml. cone. acid/l., 25°C.; acid dye 
solution,* 3 g./l., 65°C.; 2 pieces of commercial alumi- 
num sheet, 3in. X 1.5 in. 

The electrode clips are attached to the aluminum 
sheet and 350 ml. of the solutions required are poured 
into three beakers and heated to the recommended tem- 
perature. Three other beakers are required, filled with 
cold water for rinsing purposes. The clips should not 
dip into the solution but be just above the surface, so 
ensuring that a small section of the metal is not ano- 
dized. : ; 

The aluminum is immersed in the sodium hydroxide 
solution for 30 seconds. If the metal is quite dirty it 
may be cleaned with carbon tetrachloride prior to this 
treatment. After rinsing, the metal is hung from the 
opposite sides of the beaker containing sulfuric acid 
solution and is connected by clips and wires from the 
ammeter to the output of the variac which has been set 
at approximately 15 volts. The variac is then con- 
nected to 110 volts a. c.; by changing the voltage the 
current is maintained at 1.5 amperes for the duration of 
the electrolysis. Due to the heating effect of the cur- 
rent it is necessary to cool the acid by the insertion of 
an internal glass water-cooling coil so as to maintain a 
temperature of 25° for the duration of the electrolysis. 

After electrolysis for 20 minutes one piece of alumi- 





* Many acid dyes are recommended for anodic dyeing—as 
Anodal Light Red No. 2 or Aluminum Blue A (both Sandoz Co. 
dyes): Alizarine Sapphire S. E. (National Aniline & Chemical 
Corp.). 
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num is rinsed and immersed in the dye solution for a 15- 
minute period followed by a rinse and sealing in boiling 
water for 10 minutes. The second piece is sealed first 
for 10 minutes, rinsed and then dyed for 10 minutes. 
The difference in color of the two pieces illustrates the 
decrease in porosity caused by the sealing process. 
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Anodic Oxidation of Aluminium 


An interesting variation is to use a quick drying lac- 
quer and paint a design on the dry anodized but un- 
sealed metal. After the lacquer has dried, the metal is 
dyed and sealed in the customary manner. The design 
is readily visible against the colored background. 

The increased electrical resistance of the oxide film as 
compared with the metal can be shown by connecting a 
1.5-volt bulb to one terminal of a 1.5-volt dry cell. 
Prongs are attached to the other terminal and the un- 
corinected side of the bulb. One prong is clipped to the 
bare metal surface and the other allowed to touch the 
unoxidized metal. If the latter prong is moved to the 
oxide coating the light goes out because of electrical re- 
sistance of the oxide film. 
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& TESTING FOR CARBON MONOXIDE 


F'requenrty there will come to the chemistry depart- 
ments of high schools and colleges the request for aid 
in determining the presence or absence of carbon 
monoxide in the air. Ordinarily assistance can be 
given in a qualitative way where the percentages are 
relatively high. This can be done by means of starch 
iodide test papers saturated with a KIO; solution in 
which the color change is from a white to blue color. 
However, there is no standard that is reliable in this 
case since the test is not specific for carbon monoxide. 
The method of determining carbon monoxide by means 
of absorption in a basic solution of cuprous chloride is 
not sensitive enough to be of help in most cases where 
there is a question of the carbon monoxide content. 
Other methods that are possible to use are frequently 
eliminated because of the chemicals required or the skill 
needed to “get quantitative results. In fact, none of 
these methods is sensitive enough to have any ad- 
vantage over such obvious indications as the odor of 
partially burned fuel, the physical effects upon persons 
or animals, or the presence of defective flues. So it is 
evident that if one is to be of service he must have 
available more precise apparatus than is commonly 
found in the chemistry departments. 

Ordinarily schools that are asked to give a service like 
this cannot invest in equipment to the extent that mines 
and other large industrial organizations do. In these 
organizations day after day the life of men depends upon 
continuous and accurate information concerning the 
purity of the air. In the smaller communities even the 
fire and police departments find themselves hard 
pressed to meet the equipment needs for their primary 
work, and as a result lack apparatus to ascertain. the 
presence of carbon monoxide on a quantitative basis. 

To many students some of the properties of carbon 
monoxide are common knowledge, but other of its 
properties are not so commonly known. Carbon mon- 
oxide is a colorless, odorless, tasteless, nonirritating gas. 
It is the product of incomplete combustion, and is 
found in greater or lesser degree in all smoke and fumes 
from burning carbonaceous substances, as in stoves, 
furnaces, etc., and in the exhaust gases from all internal 
combustion engines. When inhaled, carbon monoxide 
is taken up by the hemoglobin. Hemoglobin’s normal 
function is that of carrying oxygen. The hemoglobin 
has an affinity for carbon monoxide about 300 times 
greater than for oxygen; consequently, the absorption 
of the poisonous gas is quite rapid. 

As the hemoglobin becomes saturated with carbon 
monoxide, the oxygen in the blood stream is reduced in 
proportion. If the air contains sufficient carbon mon- 


J. M. BERKEBILE 
McPherson College, McPherson, Kansas 
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Possible Blood Saturation—Per Cent 


0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10% 
Carbon Monoxide Concentration—Hundredths of a Per Cent 


Chart I. Possible Blood Saturation Values for a Given 
Carbon Monoxide Concentration in the Air 


oxide, death ultimately results from oxygen starvation, 
but long before that point is reached, pronounced 
physical disturbances occur. 

Chart I shows the blood saturations attainable with 
various low concentrations of carbon monoxide, and the 
resultant effects on the average individual. Approxi- 
mately half of the possible blood saturation is reached in 
the first hour of exposure, half of the remainder in the 
second hour, ete. 

It can be seen from the chart that exceedingly small 
amounts of gas are dangerous. A concentration of 0.02 
per cent (only 2 parts in 10,000) may produce charac- 
teristic primary symptoms: headache, mental dullness, 
and physical inertia, in a few hours time. Unfor- 
tunately, these are very common symptoms and fre- 
quently disregarded. 

Chart II shows the importance of exposure time, in 
relation to the concentration of the carbon monoxide. 

Resuscitation measures are usually successful with 
victims of carbon monoxide poisoning in the advanced 
stages, if they have not been exposed too long or to too 
great a concentration of the gas. There is no acquired 
or natural immunity to the gas. Repeated exposure 
produces identically the same effect each time. 

If there is any question about the presence of carbon 
monoxide in the home or shop, it would be a great help 
to have positive tests to indicate the safety of the air. 
There are two practical methods. 

For practical use one can obtain ampoules! which 
provide a dependable, inexpensive (10 to 20 cents each 
depending upon the usual price fluctuations), and con- 





1 Gorpon, C. 8., anp T. J. Lows, Carbon Monoxide Detector, 
U.S. Patent 1644014, October 4, 1927. Available through Mines 
Safety Appliance Company, Philadelphia, Pennsylvania. 
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venient means of determining the presence of carbon 
monoxide in the air. Carbon monoxide can be deter- 
mined quantitatively in concentrations ranging from 
(0.02 to 0.10 per cent, and higher concentrations are 
indicated qualitatively. 

The detector consists of easily crushed glass ampoule 
and a color comparison chart. The ampoule is a 
cotton-covered, thin-walled glass tube filled with a 
solution of palladium chloride in a water-acetone mix- 
ture and hermetically sealed. In use, the ampoule is 
broken between the fingers, saturating the cotton with 
the solution and then suspended in the questionable at- 
mosphere for a short period. The palladium chloride is 
reduced to a finely divided black precipitate of metallic 
palladium by the carbon monoxide. The color of the 
cotton is compared with the shades on the chart to de- 
termine the concentration of the gas. 

Probably the most practical of all the instruments 
available and yet within the moderate price range 
(around $45) is the colorimetric carbon monoxide 
tester using the palladium sulfate and a silico-molybdate 
compound.? The indicating tube contains a yellow 
silica gel impregnated with the two compounds. The 
carbon monoxide reduces the palladium ion to free 
palladium which in turn reduces the higher-valenced 
molybdenum to molybdenum blue. In the presence of 
the yellow silica gel a green color is produced. The in- 
tensity of the color is proportional to the carbon mon- 
oxide concentration. 

A color-scale tube is mounted beside the indicating 
ampoule, making possible an immediate determination 
of the carbon monoxide. The tester is capable of indi- 
cating concentrations of carbon monoxide in the air 
from 0.001 to 0.10 per cent. An adsorbing chemical is 
used in the guard tube to remove water, gasoline 





2 Available through the Mines Safety Appliance Company, 
Pittsburgh, Pennsylvania. 





% 





= 
ons 
® 


bad 

~ 

cs 
T 


2 
~ 
Ls) 

Tv 


° 
~ 
° 
+ 











Per Cent of Carbon Monoxide in Atmosphere 
o 
8 





0.06F 

0.04F 

0.02 

EFFECTS 
0.00 1 P 1 P 
0 1 2 3 4 
Hours Exposure 

Chart II. Effects of Carbon Monoxide for a Given 


Time on Human Beings. (Data from Bureau of 
Standards Technical Paper 212) 


vapors, and other interfering substances ordinarily en- 
countered with carbon monoxide. The tester weighs 
less than half a pound and the test ampoules can be 
stored for a year or more without deterioration. Any- 
one can use it without special training. 

There are other methods for the detection of carbon 
monoxide,’ but the two described are the cheapest and 
easiest to use in the hands of unspecialized persons. 

Those interested in knowing the details of the alarm 
systems, continuous recorders, and indicators for carbon 
monoxide gas such as those used in garages, mines 
tunnels, etc., will find the material easily obtained.* 4 





3 “Methods for the Detection and Determination of Carbon 
Monoxide,” Berefr, L. B., anp H. H. Scurenx, United States 
Department of Interior, Bureau of Mines, Technical Paper 582. 
For sale by the Superintendent of Documents, Washington, 
D.C. Price is 10 cents. 

Catalogue No. 6-B, Industrial Safety Equipment, 
Safety Appliance Company, Philadelphia, Pennsylvania. 
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e SALT—INDUSTRY'‘S STANDBY 


Sooium CHLORIDE, or “‘salt’’ in the common vernacular, 
is the modern philosopher’s stone with which untold 
generations of mankind has preserved and seasoned 
food. Rich mineral deposits of salt, left by evaporation 
of great lakes in prehistoric days, have proved them- 
selves to be invaluable in times of peace and a terrible 
weapon in war. 

More than one volume might be written regarding 
the history, properties, and uses of salt, but in this 
article will be indicated something of the wonderful 
series of products to which salt gives rise. For sodium 
chloride is the starting point in the preparation of all 
sodium compounds as well as of chlorine and hydro- 
chlorie acid. 

Discoveries of Scheele and Leblanc. Just before the 
year 1800 salt commenced the new epoch in its career, 
when the magical touch of the Swedish chemist Scheele 
and the genius of the Frenchman, Leblanc, succeeded 
in extracting two of its most important secrets. Scheele 
discovered that salt contains a suffocating yellow gas 
called chlorine which possessed bleaching properties, 
while Leblanc a short time afterwards proved that 
salt could be converted to soda ash, which had hitherto 
been extracted only from vegetable materials, such as 
the ashes of wood and seaweed. So valuable is soda 
ash that nowadays 7,000,000 tons of salt—almost 
half of our national production—is used yearly in its 
manufacture. ° 

These two discoveries became the foundation of the 
great alkali industry, but they remained undeveloped 
for many years because of the heavy tax on salt in 
Europe, which in England amounted to $150 per ton, 
taxes due to the Napoleonic wars and the consequent 
financial stringency in Europe. 

Salt Tax Removed. In 1823 the salt tax was removed 
in England and the evolution of salt was allowed to 
take place under unfettered conditions. James Mus- 
pratt realized what the removal of the salt tax meant 
to industry and in that same year erected the first 
works, at Liverpool, for the manufacture of alkali by 
the Leblane method. 

Twenty-five years previously Charles Tennant had 
been experimenting with chlorine gas, discovered by 
Scheele, and had shown how it could be converted into 
a harmless, but potent form of bleaching powder. 
This important method for the conveyance of chlorine 
was achieved in 1799 at St. Rollox, but Tennant’s work 
was greatly impeded by the enormous duty on salt. 
Upon its removal in 1823 the price of salt fell from 
about $160 per ton to $10 per ton and the manufacture 
of- bleaching powder and alkali began in earnest. 


E. B. TUSTIN, JR. 
Worcester Salt Company, New York City 
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1931 1935 1940 1945 
Salt Use Follows the Index of Business Activity 
Increased production in recent years is due to new applications: 
Solid line, salt produced in the U. S. in 100,000 tons. Broken line, 
New York Times Index of Business Activity. Estimated normal, 
100. 4 


From that date to the present time the uses of salt 
have performed an extraordinary series of evolutions, 
but nothing has eclipsed the work of those pioneers, 
Muspratt and Tennant, who first harnessed the power- 
ful forces set free by Scheele and Leblanc. 

In order to realize adequately what the introduction 
of the Leblanc process and the consequent large supplies 
of alkali meant, one has only, for example, to picture 
the soap industry which was formerly dependent for 
its alkali on wood ashes and the ashes from seaweed. 
There was a large business with Spain in this residue 
obtained from burning seaweed, or “barilla’”’ as it was 
called, and the soap trade had to rely on this crude 
raw material for its alkali, as did the glass, pottery, 
and paper manufacturers. In like manner the cotton 
and linen trades were in difficulty. A large factor in 
cost was the expense of bleaching; most Irish linen, for 
example, was bleached in Holland by an air and salt 
water process, which required six months. The 
introduction of Tennant’s bleaching powder opened 
enormous possibilities of expansion and revolutionized 
the whole textile industry. 

Ramifications of Alkali Industry. When in the 
manufacture of alkali James Muspratt converted salt 
to sulfate of soda by means of sulfuric acid; huge 
quantities of hydrochloric acid were allowed to escape 
up the chimney, much to the annoyance of the nearby 
inhabitants. and to the detriment of local vegetation. 
It was not until 1836 that Gossage succeeded in con- 
densing this acid, and what was formerly regarded as 
a waste product and great drawback to the process 
proved to be a valuable new substance for the manu- 
facture of Tennant’s bleaching powder. 

From 1836 the new industry expanded by leaps and 
bounds. Salt began to play an important part in 
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supplying alkali and bleaching powder to a large 
number of industries and from this time there began 
to be available good supplies of sulfuric acid, saltcake, 
hydrochloric acid, caustic soda, sodium and chlorine 
compounds, all derived from the Leblanc process. 
New business activity sprang up; shipping, canals, 
and railroads were required to bring sulfur and pyrites, 


coal, and limestone for the alkali industry. In addi- 
tion, large quantities of lead, iron, bricks, and stone 
were required to build plants. In fact, so many 
industries were affected that people began to wonder 
where the new force, set free by Leblanc, was going 
to end. 

Solvay and Electrolytic Processes. The Leblanc 
process had no rival for more than fifty years, but in 
1868 the Belgian chemist Solvay succeeded in over- 
coming the technical and engineering difficulties of an 
ammonia-soda process. This idea of converting salt 
to alkali by carbonate of ammonia had been patented 
in 1838 by the London chemists Dyar and Hemming, 
the advantage being the direct conversion of sodium 
chloride into carbonate, but such were the obstacles 
connected with the method .in preventing a reverse 
reaction that thirty years elapsed before a practical 
manufacturing process was evolved. 

From about 1880, however, the ammonia soda be- 
came a strong competitor with Leblanc alkali, but such 
was the vitality of the older process that it continued 
to exist. for another forty years. Its salvation during 
such a long period was its large number of by-products, 
and time after time what appeared to be waste ma- 
terial became the source of new wealth. One has only 
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‘to mention the recovery of manganese by the Weldon 


process, Deacon’s conversion of weak hydrochloric 
acid gas to chlorine and bleaching powder, the recovery 
of sulfur by the Chance-Claus process, Claudet’s silver 
process, Henderson’s copper extraction method, etc., 
to realize how many separate chemical processes were 
brought about by the Leblanc method of decomposing 
salt. 

The death knell of this old process was sounded, 
however, when it became possible to generate electrical 
energy at a low cost. It had been known for many 
years that a solution of salt was susceptible of de- 
composition by a current of electricity, giving off 
chlorine and forming caustic soda in the water. The 
gas could be liquefied or converted into bleaching 
powder and the solution of caustic soda concentrated 
for the soap manufacturer. The great advantage of 
the electric decomposition is that it produces in a single 
operation the same materials that required three 
cumbersome stages by the Leblanc process. Great 
advances in the economic production of electrical 
energy has now made it possible to use large quantities 
for the conversion of salt into caustic soda and chlorine. 

We have two successors to the Leblanc process: 
the Solvay or ammonia method for the manufacture 
of carbonate and bicarbonate of soda, and the elec- 
trolytic method for soda and chlorine for bleaches. 
Although the Leblanc process is dead as far as alkali 
or chlorine manufacture is concerned, there still re- 
mains the very important step for the manufacture of 
sulfuric acid, called into existence for the production 
of immense quantities of sodium sulfate. This portion 
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of the Leblanc process is still employed to produce 
pure sulfate of soda, or saltcake, used in the manu- 
facture of glass of high quality, while a considerable 
quantity of saltcake is converted to sodium sulfide 
for the leather and dyestuffs industries. 

Salt in Warfare. When war came it was realized 
what a terrible weapon we possessed in our immense 
deposits of salt, the sodium and chlorine from which 
could be made the raw material for the manufacture 
of such deadly products as phosgene, chloropicrin, 
arsenious chloride, mustard gas and many others—to 
be held in readiness against any employment of gases 
by the enemy. In addition to these noxious sub- 
stances, chlorine could also be consumed in thousands 
of tons for the manufacture of explosives such as di- 
nitrophenol and picric acid. 

When salt goes to war it literally does so with both 
hands, for besides supplying chlorine it gives immense 
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quantities of caustic soda for making soap and high 
explosives, the former an essential ingredient for the 
manufacture of glycerin, the base of nitroglycerin and 
cordite. 

In fairness to salt, it must be stated that although it 
is ruthless in time of war it ¢s vital to our existence 
at all times, and there is hardly a single industry which 
is not dependent on it or on the important series of 
products to which it gives rise—in recent years, 
notably: plastics, sulfa drugs, deodorants, nylon and 
rayon yarns, compounds for case hardening, insecti- 
cides, degreasers, films, tetraethyl lead, and synthetic 
rubber. 

The chemical and metallurgical industries of the 
U. 8. employ about 11,000,000 tons of salt yearly of a 
total production in this country of over 15,000,000 tons. 
The United States produces approximately 43 per cent 
of the world total. 
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& PROPORTIONAL DEPENDENCE 


T'uis article is intended to call to notice the too 
frequent applications of nonrigorous logic in developing 
proportional dependences. It is often stated, especi- 
ally in elementary courses, that if a property x is pro- 
portional to y and if x is proportional to z, then z is 
proportional to the product yz. If we accept this 
theorem at its face value and apply it, we can arrive 
at absurd results. For example: for an ideal gas 
the volume is proportional to the temperature, and the 
pressure is proportional to the temperature. There- 
fore, the volume is proportional to the pressure. 

Our fallacy is that we have overlooked the fact that 
the first relation holds only when pressure is constant 
while the second is valid only when volume is held 
constant. We have used equations which are not 
simultaneously applicable. In fact, by simple alge- 
braic manipulation, we see that if x is proportional to 
y and z, then unless we specify that each relation holds 
only when the third variable is constant, we are led to 
the conclusion that x is proportional to the square root 
of yz.} 





1Ifz = ayandz = bz, thenz* = abyzandz =d Vyz. 


LAWRENCE SLIFKIN 


Princeton University, Princeton, New Jersey 


The question now arises: reconsidering the problem, 
and recognizing the restrictions of constant third 
variable, how can we show that x is proportional to 
yz? Thisis easily seen from the following, due to L. G. 
Peck, our premises are 


a= ky (1) 
and 
x = ke (2) 


where fk; is really a function of z and kz is a function of 
y Then we may say 


(F), = ki(2) (3) 
and 
=), = kel) (4) 


Now, if « = f(y, 2), then from (8) f is linear in y and 
from (4) f is linear in z. Thus f(y, 2) = ksyz + ky 
+ksy + ke, where ks...k¢ are really constants. Equa- 
tions (1) and (2) show that « = 0 when either y or z = 
0. Therefore, ky = ky = ke = 0, and x = kyyz. 





th 
as 


() 
pal 


whe 
neg 
wit. 
stra 
leac 


Tha 
agre 
viris 


the 
just 
tain 





tive 
his € 
incor 
lack 
equa 


parti 


inter 


wher 


In the 
we pi 
free y 








the 
und 


b it 
nce 
‘ich 
: of 
ars, 
and 
cti- 
etic 


the 
of a 
ons. 
ent 


lem, 
third 
al to 
1 G. 





(1) 


(2) 


on of 


(4) 


y and 
+ ky 
pqua- 
rz= 





““DERIVATION’’ OF THE COMPLETE VAN DER 


WALLS’ EQUATION FROM STATISTICAL 


MECHANICS 


T ue usual discussion of van der Waals’ equation from 
the point of view of statistical mechanics (1-3) proceeds 
as follows: (a) the van der Waals’ equation 


(P > vr) (V — Nb) = Ner (1) 
is expanded in the form 
pal +P (0- GF) +e Js 


(b) taking for the potential energy of interaction of a 
pair of molecules a distance r from each other 


(2) 


u(r) =o rQr* (3) 


= —e (r*/r)™ r>r* 


where e€ and r* are parameters (m = 6 usually), and 
neglecting the simultaneous interaction of any molecule 
with more than one other molecule (dilute gas), a 
straightforward evaluation of the configuration integral 
leads again to equation (2), with 

nm, omer*s 

=m—3 

Qar*8 


3 


(4) 


b= 





That is, the statistical derivation using equation (3) 
agrees with van der Waals’ equation as far as the second 
virial coefficient. 

It may be of some pedagogical interest to note that 
the complete van der Waals’ equation (1) (rather than 
just the leading terms as in equation (2)) can be ob- 
tained from a simple statistical argument that is, 
as might be expected, rather analogous to the qualita- 
tive argument (3) used by van der Waals in “deriving” 
his equation. The argument to be given is of course 
incorrect but it exhibits the statistical foundation (or 
lack of foundation) of the complete van der Waals’ 
equation. 

For a perfect gas of N molecules in a volume V the 
partition function Q for the system is (omitting the 
internal partition function) 

=m (5) 


where 





2amkT \*/2 

RS ( io ) 
In the “smoothed potential model” (2) of a gas or liquid 
we picture a given molecule as moving through the 
free volume V; (not excluded by other molecules) in 


(6) 
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which there is a uniform potential —x due to all other 
molecules. For this model 


yA Care 


7) 





y Vyex/kT 


What sort of an argument, using equation (3) and 
based on a smoothed potential model, will lead to 
van der Waals’ equation? In the first place we have 
to write V; = V — Nb. In order to agree with equa- 
tion (4) (there is no reason to insist on this) we must 
assume that the volume excluded to a given molecule is 


Nes , arts 
This amounts to stating that the excluded volumes 
associated with the other N-1 molecules do not over- 
lap—in other words we assume that b can be calculated 
from the second virial coefficient treatment mentioned 
above, and then used regardless of whether the gas is 
only slightly imperfect or very imperfect or even 
liquefied. The factor of !/2 above is to avoid counting 
each excluded volume twice over. 

In order to obtain —x we imagine that the N mole- 
cules are smeared out uniformly over the volume V. 
The potential energy of interaction between a given 
molecule and those smeared out molecules at distances 
between r and r + dr is 


u(r): N der*dr 


In order to calculate the total interaction potential 
—x in which the given molecule moves we must first 
integrate over r from r = r* tor = (no other mole- 
cules can be nearer than r = r*), and then divide the 
result. by two, because we would otherwise be attribut- 
ing the complete interaction energy to our specified 
molecule whereas, since two molecules are involved in 
each interaction, only half “belongs” to a given mole- 
cule. Then we have 

I dr (8) 


1 N f2 ee 
x= 5407 ff, [-«( r 
—aN 
=> (9) 
where a is given by equation (4). So 
8/2 a 
« (7) (V — Nbye N/Vk? 


From equations (5) and (10), and 
5 olng 
P =kT Ce . 








(10) 
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one obtains van der Waals’ equation, equation (1). 

A further discussion of van der Waals’ equation as a 
free volume model but from a somewhat different point 
of view has been given elsewhere (4). 

Finally, it might be worth comparing the function x 
of equation (7) associated with several different em- 
pirical equations of state (v = V/N): 

Van der Waals 


(P +a/v*)(v — 6) = kT (11) 
x = a/v (12) 

Berthelot 
(P + a/Tv?)(v — 6) = kT (13) 
x = a/Tv (14) 

Dieterici 
P(v — b) = kT e7o/#Te (15) 


APPARATUS 


For severat years we have had trouble with students 
reporting abnormally high molecular weights in their 
determinations in the physical chemistry laboratory. 
One source of error was found, on investigation, to be 
in the faulty introduction of sample. Some of the 
sample was frequently lost through the glass ground 
stoppers in the weighing bottles usually used for this 
purpose, or some air was allowed to escape when the 
sample was introduced. A trigger release has been 
devised, as shown in Figure 1, which eliminates these 
sources of error and has given acceptable results for 
student determination of molecular weights by the 
Victor Meyer method. 

A piece of #18 copper wire (A) 4 inches in length 
was soldered to a */;s-inch solid brass rod, 5 inches long 
(B). The brass rod passed easily through the 8-mm. 
bore glass tubing (C). A piece of small diameter 
rubber tubing (D) was forced over the solid brass rod, 
resulting in a snug, air-tight fit. A piece of larger 
rubber tubing (#) was wired over the rubber tubing 
(D) and the glass tubing. A hook, small enough to 
slide readily inside the glass tubing, on the end of the 
copper wire carried a small sealed bulbet (F). By 
raising the brass rod, the tip of the bulbet was broken 
off and the sample fell to the bottom of the vaporization 
chamber. Enough resiliency in the rubber tubing 
connection (Z) permits an inch to an inch and a half 
of vertical movement without the introduction or escape 
of air. The bulbets are easily blown from small-bore 


glass tubing and samples sealed in them. Best results 
were obtained when samples of 0.1000 gram or less 
were used in the bulbets. The bottom of the vaporiza- 
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© — e7a/kTv 
x= kT 4 a dv (16) 
For large v, equation (16) reduces to equation (12). 
These expressions for x follow from the equation of 
state and equation (804, 1) of Fowler and Guggen- 
heim (2). ‘For all of these equations of state, v, = 


V,/N =v —b. 
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tion tube was protected from the impact of the falling 
bulbet by either glass wool or mercury. med 

Some representative student determinations, using 
this release, are recorded: 


StupEent REsu.tts 


Carbon 
Benzene Ethyl Alcohol Tetrachloride 
(78.11) (46.07) (153.84) 
79.5 48.30 152.5 
80.2 48.50 154.8 
80.9 48.43 155.9 
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s Nuclear Physics and Radioisotopes 


The United States Atomic Energy Commission has 
announced the publication for sale of a series of lec- 
tures in the field of nuclear physics prepared by a 
group of outstanding experts who assisted in the de- 
velopment of the atomic bomb. 

These lectures were originally given at Los Alamos 
late in 1943 to aid in training personnel there in the 
fundamentals of nuclear science. The series published 
under the title, “Lecture Series in Nuclear Physics,” 
was declassified in October, 1945. 

The price of the volume is 55 cents and it is available 
from the Superintendent of Documents, Washington 
25, D. C. 


@ Ethylene from Acetylene 


The production of ethylene by the hydrogenation of 
acetylene was carried out in Germany, according to 
report. 

The manufacture of ethylene in this manner in the 
United States would not be economical but the method 
is of interest because the hydrogenation is sufficiently 
controlled so that only two atoms are added and only a 
relatively small amount of fully saturated hydrocarbons 
produced. 

Germany, having no natural gas sources, had to 
synthesize its ethylene during the war. The ethylene 
was reconverted to mustard gas. The Anorgana 
Works produced 2500 tons of ethylene a month. 

For the successful hydrogenation of acetylene to 
ethylene on a commercial scale, a catlayst is used which 
readily catalyzes the addition of two atoms of hy- 
drogen but does not promote the addition of further 
hydrogen which would result in the production of 
ethane. It is also essential to remove the heat of the 
reaction in a suitable manner so that the gases are 
maintained at a required optimum temperature to 
avoid the progress of side reactions. 

A number of catalysts may be used in the process, 
but palladium is superior to any with respect to selec- 
tivity, sensitivity, and life. The best catalyst prepara- 
tion is said to be palladium laid down on a silica gel 
base. The approximate average yield of pure ethylene 
per kilogram of palladium is about 1600 tons. 


o Jewel Bearings 
Synthetic spinel which can be hardened by heating 








is as satisfactory for bearing jewel use as synthetic ruby 
or colorless synthetic sapphire and costs less to produce 
according td a German research report from the Office 
of Technical Services. 

Lower hardness of synthetic spinel before heating 
makes it possible to manufacture bearing jewels in 
half the time it takes to make them from synthetic 
corundum and reduces the amount of diamond bort 
needed for finishing work by 70 per cent. 

Research on the theoretical and practical possibilities 
of hardening synthetic spinel revealed that it is neces- 
sary to start from a base material containing a con- 
siderable excess of aluminum oxide in order to obtain 
monocrystalline spinel boules which will not crack in the 
manufacturing process or while being cooled. The 
excess of aluminum oxide acts as a crystallizer in the 
synthesis of spinel. 


w Supersonic Generator 


A new, simplified instrument for generating super- 
sonic energy has been announced by Fisher Scientific 
Company, 717 Forbes Street, Pittsburgh, Pennsyl- 
vania. The instrument is a single-frequency generator 
which operates on any 110 volt a.-c. line and produces 
vibrations of 400 kilocycle frequency. 

The Table Model Ultra-Sonorator, which costs about 
one-third as much as the previously available generator, 
makes it possible for many more industrial plants, 
educational institutions and research foundations to 
explore the applications of supersonics to chemical, 
physical, and biological problems. 

2 Mirror Coating : 

A process for coating telescope and periscope mirror 
surfaces with an oxide of silicon was developed in Ger- 
many. Aluminum mirrors coated in this manner are 
said to have a reflectivity of 90 per cent. 

The process is carried out in high vacuum, using a 
heating element to volatilize the oxide, the report states. 
The oxide deposits on the mirror surface to form a hard 
coating for protection against abrasion. The oxide of 
silicon is of doubtful composition, but it is a lower 
valence compound than the dioxide. It is prepared by 
sublimating a mixture of silicon and silicon dioxide and 
is believed to be a mixture of silicon, silicon monoxide, 
and silicon dioxide. 
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Cy Tracer Micrography 

A new method for the more effective tracing of radio- 
active isotopes in materials in which they have been 
intentionally introduced has been developed at the 
National Bureau of Standards. In this procedure, by 
means of a magnetic focusing arrangement, the radia- 
tion given off by a radio-isotope within a sample mate- 
rial is made to form an image of the emitting surface 
upon a photographic plate. The image may then be 
used in studying the distribution and concentration of 
the radioactive element present in the sample. 

In the well-known method of radio autography a 
radio-isotope is introduced in a biological or other 
system, and the distribution of that particular element 
within the system is determined by bringing the sample 
in close contact with a photographic emulsion. This 
method lacks resolving power, because, even in case of 
perfect contact of the,sample with the emulsion, the 
circle of confusion from every point of emission is so 


great that details less than a tenth of a millimeter are - 


very difficult or impossible to distinguish. 

In order to improve the resolution of this tracer 
method, it was decided to use electron optical image 
formation for determination of the distribution of 
radioactive element within a given sample. This 
process, which may be called “tracer micrography,” 
is based on the emission of high-speed electrons by 
many tracer elements and the use of magnetic lens 
elements for forming an image on a suitable recording 
surface. 

In the absence of any means for correction of the 
chromatic aberration of electron optical lenses, the 
first micrographs were limited to those elements that 
emit electrons of uniform speed. After some attempts 
with columbium 93, yttrium 87, strontium 85, strontium 
87, protactinium 233, and gallium 67, the latter was 
selected for the initial tests. Gallium chloride, pre- 
pared by chemical separation from zinc, was bom- 
barded by heavy hydrogen nuclei in the cyclotron at 
the Carnegie Institution, and the solution was evapo- 
rated drop after drop on a 1/,-inch tantalum disc. 
Radiation emitted from the surface of the disc, upon 
passing through a magnetic lens consisting of a small 
iron-clad coil with Armco iron pole pieces, was brought 
to a focus on a photographic film at a distance of about 
3'/, inches. An image of the tantalum disc was thus 


obtained showing radioactive areas. The conditions 
were selected so that a linear magnification of 2 was 
produced. 





Tracer Micrographs Showing the Distribution of Radioactive Isotopes 
Within a Thin Layer of Sample Material on the Surface of a Tantalum 
Disc. . 
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The simplicity of this method, both in apparatus 
and technique, is one of its more important features. 
Vacuum requirements are very moderate, since the 
mean free path of the electrons is large in comparison 
with the apparatus dimensions, even at forepump pres- 
sure. 

Further improvements in tracer micrography are 
expected through after-acceleration of the beta par- 
ticles by means of a homogeneous electrostatic field. 
Such after-acceleration may well result in reduced 
exposure time and in better resolution due to a reduc- 
tion in spherical aberration. A further reason for 
after-acceleration is that chromatic aberration, which 
is always present, even in sources emitting particles 
of uniform speed, can be markedly decreased if the 
accelerating potential is at least comparable in magni- 
tude to the energy of the primary emission. 


& Fertilizer 


For several years the gas company at Verdan, Ger- 
many, has given its ammonia liquor to local farmers for 
direct use as fertilizer according to a British Intelligence 
report. 

The ammonia liquor when sprayed on test plots of 
ground between September and May proved to be an 
effective fertilizer and increased the yield of grain and 
root crops, such as oats, spinach, cabbage and beets, in 
some cases, as much as 21/2 times. Quantities of sul- 
furic acid ordinarily used in converting the liquor into 
commercial fertilizer were also saved. 


e Straight and Level 


Furniture wobble, that universal bane of every house- 
hold, is said to be eliminated by a unique product known 
as Levelmatic, a new device which incorporates silicone 
“bouncing putty.”” Blake Industries of Detroit, manu- 
facturers of the item, explain that bouncing putty 
duplicates a fluid in an hydraulic mechanism since it 
acts as a very viscous liquid. The new Levelmatic 
devices incorporate the bouncing putty in a simple 
cylinder and piston arrangement that automatically 
adjusts table-leg lengths to uneven floors or rugs. 


@ Photographic Film 


A color picture, ‘‘How Photographic Film Is Made,” 
21 X 22 in., may be had on request from The Arm- 
strong Cork Company, Building Materials Division, 
4801 Marietta Avenue, Lancaster, Pennsylvania 


& Bulletins 

Among the bulletins and announcements which we 
have received are the following which we think are 
worth calling attention to: 

“Partners in Research,’’ annual report of the Armour 
Research Foundation of the Illinois Institute of Tech- 
nology. 
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“The Role of the Amberlites in Water Treatment in 
Chemical Processes,” from The Resinous Products & 
Chemical Company, Philadelphia, Pennsylvania. 
“Better Teaching Through the Use of Current Ma- 
terials,” from the Stanford University School of Educa- 
tion. It describes an 18-month experiment by the 
California State Department of Education to see how 
current materials such as monthly and weekly maga- 
zines, daily papers, films, etc., could be used effectively 
in class work, and to determine any advantages to par- 
ticipating students, teachers, and communities. 


“Work in Process,” from the Sugar Research Foun-’ 


dation, 52 Wall St., New York. A digest of scientific dis- 
coveries resulting from four years of research on the 
role of sugar in human nutrition and the value of su- 
crose, its by-products and‘ derivatives as commercial 
raw materials. 

“Teaching Aids,’ from the Westinghouse School 
Service, Westinghouse Electric Corporation, Pitts- 
burgh, Pennsylvania. A list of films, slides, pamphlets, 
and other material for class use. 

“The New Coronet Instructional Film Catalog,” 
from Coronet Instructional Films, Coronet Building, 
Chicago, Illinois. 

“Protamines,” from the Paul-Lewis Laboratories, 
4253 N. Port Washington Road, Milwaukee, Wisconsin. 
A review of the literature. 

‘Application of Microscopy to the Textile Industry,” 
Bulletin No. 796 from the Caleco Chemical Division, 
American Cyanamid Company, Bound Brook, New 
Jersey. Contains some excellent photomicrographs of 
fibers—some in color. 


a Trade Periodicals 


Of particular interest are: 

The Dow Diamond, November, 1947, not only con- 
tains a feature on “Fragrance, Lore of Lure,” but is it- 
self printed on scented paper. Among several interest- 
ing articles is one describing newer uses of silicones. 

Progress Through Research (General Mills, Inc., 
Minneapolis, Minnesota), Winter, 1948, Issue. A 
timely article on laboratory safety, a good one on the 
research library, and an interesting account of strato- 
spheric exploration by free balloons. 

The Lamp, for January, 1948, deals in general fashion 
with the action of catalysts in an article entitled ‘“Chem- 
istry’s Secret Agents.” ; 

Research Today, Vol. 4, No. 3 (Eli Lilly and Com- 
pany, Indianapolis, Indiana) is chiefly devoted to 
“Physical methods useful in the identification and struc- 
ture study of organic chemical substances.” 

The Laboratory, Vol. 17, No. 2, does a good job of de- 
scribing, ‘“How radiotracer chemistry works and its 
uses.” 


e Optical Bleaching Agents 


Optical bleaching agents are fluorescent materials 
which increase whiteness of textiles and other articles 
by converting some of the ultraviolet of sunlight into 
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visible light. The agents used must be colorless or al- 
most so as seen by reflection of ordinary visible light 
and the additional light supplied by fluorescence must 
be blue in order to enhance whiteness and neutralize 
the brownish discoloration common in fabrics and many 
other materials. 

The general history of the development by the Ger- 
mans of the four “Blankophors” is given in a report 
from the Office of Technical Service, and ‘‘Ultrasan”’ 
the forerunner of the Blankophors, is discussed. ‘UI- 
trasan”’ is described in U. S. Patent 2,171,427, issued 
Aug. 29, 1939, to Eggert and Wendt and assigned to 
I. G. Farben, as one of the numerous examples of 1,3,5- 
triazine derivatives which are said to absorb ultraviolet 
light. Further research by I. G. Farben revealed that 
“Ultrasan” was an effective whitening agent for paper, 
that it had strong affinity for natural and regenerated 
cellulosic fibers, and that it showed considerable promise 
for use as an optical bleach for textiles.”’ 

The Blankophors leave much to be desired as optical 
bleaching agents, according to the report. Their chief 
defect was failure to fluoresce in ordinary artificial light, 
according to investigators. However, the Blankophors 
were considered successful and their manufacture was 
discontinued only because of war conditions. 

The “Lumogens,” another group of fluorescent ma- 
terials manufactured by I. G. Farben, are discussed 
briefly. The Lumogens are water-insoluble organic pig- 
ments intended to have essentially the same color in 
daylight and in ultraviolet light. They are used for 
printing maps and for night marking of roads as well 
as other uses. 


2 Organometallic Compounds 


A new chemical technique, which has been called 
mechanical activation, promises to give many extremely 
versatile organometallic reactions a commercial signifi- 
cance which they have heretofore lacked because their 
application was limited to batch rather than continu- 
ous processes by the inflammability and toxicity of 
the reactants and the difficulty of starting and control- 
ling the reaction. 

A metal-cutting fluid encounters'a rather unusual 
combination of conditions at the point of cutting tool. 
The fluid is subjected to high local pressures of the or- 
der of the hardness of the metal cut, high local tempera- 
tures limited only by the melting point of the work 
material, and nascent, highly stressed metal surfaces. 

Such a combination of conditions has been found to 
promote chemical reaction. During a study of the 
basic mechanism of cutting-fluid action it was found 
that certain organic reagents when used as cutting 
fluids react vigorously with the metal cut even though 
these same chemicals were relatively inert to the cut 
metal in bulk. 

This suggested the possibility of using a metal-cut- 
ting process to carry out reactions between metals and 
liquid or gaseous reactants. Subsequent tests showed 
that a metal-cutting process could be used to advan- 
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tage in starting and controlling certain reactions involv- 
ing metals. In several cases the metal was consumed as 
rapidly as it was cut. 


« Eggs! 

Eggs with green yolks were laid by hens at Mississippi 
State College. Feed containing green dye was fed to 
twelve hens and within five days they were laying eggs 
with dark green yolks. The color of the dye used in the 
feed was non-poisonous and did not affect the health of 
the hens in any way, but would have a tendency ulti- 
mately to stop egg production. 

The experiment proved beyond a doubt that feed 
that is fed to hens has a great effect on the quality of 
the eggs they lay. The colored eggs, when hatched, 
produce a chick having the color of the feed used, but 
the chicks will return to normal color as soon as the 
down is gone and the main feathers begin to develop. 

Abnormally large eggs were also laid by one hen on a 
special diet. Electric lights were also used to provide a 
14-hour working day. 


& For Long Life 


A tiny new dry cell, with amalgamated zinc and 
mercuric oxide electrodes, is now available for many 
special applications of use. The new mercury cell is only 
half as heavy, and Jess than-half as big as the con- 
ventional zinc-carbon flashlight cell, heretofore the 
only small dry cell generally available. Depending on 
the conditions of use, the advantages of the mercury 
cell may be even greater. With the price twice that of 
the conventional cell, the operating cost per hour for 
many applications is about the same. Furthermore, 
long life is considered an important convenience, 
regardless of cost. It is also claimed that the mercury 
cell can be stored longer at high temperatures without 
deterioration than the older type. The armed forces 
made extensive use of the new cell, which is now being 
widely used for hearing aids and will soon be used in 
portable radios and other small devices. Since the 
new cell may be operated at elevated temperatures, 
it is expected to be used widely in equipment for geo- 
physical prospecting for petroleum. Because of its 
smaller size, it cannot easily be used in equipment 
designed for zine-carbon cells. Use for flashlights in 
general is not anticipated. 

At a recent meeting of the Electrochemical Society, 
Samuel Ruben, inventor of the cell, disclosed its details, 
and engineers of the P. R. Mallory Company dis- 
cussed its manufacture and uses. The mercury cell is 
entirely enclosed in a cylindrical steel container, which 
may be from three-fifths to one and one-quarter inches 
in diameter and one-half or five-eighths inch long. Al- 
though part of the electric circuit, the container does 
not otherwise enter‘into the cell reaction. Some con- 
ventional cells also have steel cases, but usually the 
case is metallic zinc, which is physically weaker than 
steel and is expended during the cell discharge, with 
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consequent further weakening. The new cell, on the 
other hand, is physically strong and is well suited for use 
in instruments where an accurate fit is required. 

The voltage of the zinc-carbon cell drops off with use, 
as is shown by the dimming of a flashlight bulb. When 
the output, initially 1.5 volts, has dropped to 0.9 volt, 
the cell is discarded. The mercury cell, however, with 
light loads maintains a constant output of about 1.3 
volts until exhausted. As a result, the necessity for 
frequent volume adjustments for a hearing aid or inter- 
communication system is obviated. A sudden drop 


‘in voltage may be a disadvantage, however, since the 


device may go out of use without warning. With a 
heavier load, the voltage varies from 1.3 to 1 volt, 
depending on the application. The mercury cell’s 
life can be closely estimated in terms of hours of use for 
any specific drain. ; 

In spite of the advantages of the mercury cell in some 
applications, the zinc-carbon cell is not expected to 
become obsolete. Mercury is an expensive and scarce 
element; the necessity for conserving the world’s 
mercury regerves will prevent widespread use where 
other materials are satisfactory. Undoubtedly research 
to improve the older cell will be accelerated. For 
example, synthetically prepared manganese dioxide is 
superior to the natural substance used in the zinc- 
carbon cell; recent improvements in its preparation 
will make more general use possible. 

Another new cell, with magnesium and carbon elec- 
trodes, is now produced in England. It is reported to 
maintain a 1.0 volt output for extended periods under a 
relatively heavy drain, and is said to be rechargeable. 
Although the English development has not yet been 
adopted for use in small portable instruments such as 
the hearing aid, tests are being conducted on its applica- 
tion where small cells are required.—Reprinted from 
the Industrial Bulletin of A. D. Little, Inc. 


® New Journals 


Number One of the South African Industrial Chemist 
was recently received. It is the official news journal of 
the South African Chemical Institute. It contains 
among others an article on ‘‘SSome Views on the Organi- 
zation of Industrial Research.”’ 

A new monthly journal of considerable importance 
has appeared: Research, a Journal of Science and Its 
Applications (Butterworth Scientific Publications, Ltd., 
4 Bell Yard, Temple Bar, London, W. C. 2; U.S. 
price $10 yearly). It is a journal by and for scientists. 
Its aim is to link together the progress of scientific 
thought with its applications and to enable the technical 
specialist in one field to get a general but adequate 
idea of what is going on in others. The contents of 
Number Two, which came to us, include such varied 
topics as properties of glass; science in whaling; high 
explosives; molecular structure; pulverized coal; 
and rubber. By not covering too many subjects in 
one issue it is possible to give opportunity for leisurely 
discussion. 





ANGLOMATHICS' 


Tue rire of this paper was proposed to the writer 
with the explanation that it signifies “translating the 
sense of problems and relationships among factors into 
mathematics.” 

It is now many years since Willard Gibbs made his 
famous one-sentence speech: ‘‘Mathematics is a Lan- 
guage.” Asa language it has certain peculiarities which 
make it especially important and interesting. Any 
written language serves as an instrument to convert 
relationships between ideas into a symbolic form capa- 
ble of storage for indefinite periods and supposedly 
capable of interpretation and comprehension by any- 
one else to whom the language is familiar. We need 
only consider our mother tongue to realize how far 
short of meeting the second specification an ordinary 
language can fall. What we write means one thing to 
us, something else to each hearer or reader, and even 
something else again to us when we reread it a month or 
a year later. Part of the confusion comes from poor 
choice of words and part from improper construction 
of sentences, but most of it comes from the great variety 
of associations and implications which different in- 
dividuals read into any expression. 

These things, which are true of English and of other 
languages, are true of mathematics only in part. The 
language of mathematics is a universal one. When I 
saw a recent issue of the “March of Time,” entitled 
“The Russians Nobody Knows,” I found that, al- 
though the signs over shops in the Russian cities were 
quite incomprehensible to me, I hadn’t the slightest 
difficulty in reading the mathematical relationships 
and also the chemical equations I saw on the blackboard 
in one of their technical schools. I do not know whe- 
ther the Roman letters used in writing the familiar 
permanganate-plus-chloride-plus-acid reaction were 
confusing to the Russian students, but at least the 
plus marks and the sign of equality needed no trans- 
lation or transliteration. (It was noted that theschool’s 
technical library contained many American publications 
including the JouRNAL OF CHEMICAL EDucaATION.) 

1 Presented at the Ninth Summer Conference of the N.E.- 
Rigen Wellesley College, Wellesley, Massachusetts, August 18- 
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One of the problems in mastering the syntax of a 
new language is learning to recognize the various parts 
of speech and to differentiate between phrases, clauses, 
and complete sentences. Any mathematical equation 
is a complete sentence and should be comprehended as 
such. An attitude acquired early and lost with dif- 
ficulty if at all is to regard a formula (blessed key to all 
problems!) as a sort of deus ex machina with divine 
prerogatives and powers rather than as a sentence, that 
is, a relationship between two or more things. 

Consider for a moment a few typical physical for- 
mulas: ; 


Raoult’slaw /2—- 
Py 


Ohm’s law E = 


= N2 Newton’s law F = ma 


IR Henry’s law pz = kN2 


Each formula is the mathematical expression of a physi- 
cal law which might well have been expressed in a 
sentence. One may interpret each symbol as a noun, 
any subscripts or superscripts as adjectives or descrip- 
tive phrases, the operations indicated on either side of 
the equation as clauses, and the = sign itself as a verb. 
For instance, Henry’s law is: 





xX Nz 
i 


{multiplied by| 


lis equal to] 





P2 
J 





1] 





(The pressure] 





mole fraction 
in solution. 


the solute’s 


Not every formula will contain representatives of 
all the parts of speech, but every formula, like every 
sentence, must contain a verb. The list of verbs 
needed in formulating physicochemical formulas is 
rather limited: 








lof the solute} {a constant| 





= ‘is equal to” 

> “is greater than” 

< “is less than” 

= “is nearly equal to’ (The ~ is an adverb!) 

« “is proportional to” or “‘is equal to a constant times” 


Each formula can be paraphrased in various ways and 
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mathematical formulas have this advantage over ver- 
bal sentences that the rules for paraphrasing are pre- 
cise and usually simple of application. For instance, 
Ohm’s law, a relationship between the current, the elec- 
tromotive force, and the resistance, can be expressed 
in any Of the following eight ways: 


E=IR E/IT=R E/R =I E/TR = 1 
W/E=1/IR I/E=1/R R/E=1/I IR/E=1 


The selection of a particular one of these will depend 
upon considerations of convenience, elegance, or mere 
whim. Yet we are all prone to memorize the formula 
for Ohm’s law rather than to memorize and comprehend 
the relationship between current, e. m. f., and resist- 
ance which the law expresses. 

Failure to recognize relationships because of an un- 
familiar formulation is a clear indication of lack of 
fundamental comprehension. An analogous case is 
presented by the following quotation from a book 
everyone has read at one time or another: ‘Do not 
be deceived. Bad companions ruin morals.” If recog- 
nition is not instantaneous, try the familiar paraphrase 
“Be not deceived. Evil communications corrupt 
good manners.” The second formulation will prob- 
ably seem more meaningful than the first. Many 


people find the modern translations of the Bible an-' 


noying because they show up unfamiliar meanings 
and implications and because they lack many of the 
associations attached to the older forms. At bottom, 
annoyance with other translations means that we 
know less or care less about the actual meaning of the 
scriptural passages than we do about the nostalgic as- 
sociations they have for us. Perhaps this attitude is 
defensible in the field of religious emotion but there is 
only one proper attitude for the scientist. He must not 
be led astray by side issues and extraneous accompani- 
ments. He must analyze a relationship so thoroughly 
that distortion becomes practically impossible. 

To return to Ohm’s law: The canonical or King 
James version of the law would seem to be E = IR, 
although there are students who misremember it and 
cite = ERand R = EI. There is no objection to the 
use of H = IR if a phenomenal memory or long usage 
can make it second nature and can reduce the pos- 
sibility of a mistake effectively to zero, but the real 
relationship is that the electricity is driven by the e. 
m. f. and its flow is retarded by the resistance so that 
the current will vary directly as the e. m. f. and in- 
versely as the resistance. Hence the most direct ex- 
pression of Ohm’s law would be J = F/R, although I 
hasten to state that I consider this form in no way more 
canonical or divinely inspired than E = IR, nor would 
I make any effort to memorize it in that form. 

The same considerations apply to the other for- 
mulas cited as examples. Physical formulas should 
not be regarded as mere groups of symbols any more 
than sentences should be considered as mere groups of 
syllables. In each case there is a statement made and 


unless the formula or the sentence conveys the mean- 
ing of that statement it is so much gibberish. 
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The phrases ‘‘varying directly as’ and ‘‘varying in- 
versely as’ lead to a discussion of proportions. The 
King James version of the relationship “the volume of a 
gas is directly proportional to the absolute tempera- 
ture,” is v/T = v'/T’. My students find any para- 
phrase of this formula as annoying as anyone does a 
modern translation of the Bible. And yet other ver- 
sions are frequently more useful and just as significant. 
For example, v = kT. Everyone who hears the phrase 
“is proportional to” should visualize not only the 
equality of two ratios, v/T and v’/T’ but also the con- 
stancy of either of these ratios, v/T’ = k, and that v 
“equals a constant times” 7. In fact, these two last 
formulations help us to realize why proportions play 
such a large role in the natural sciences. Our measure- 
ments are never entirely precise and we have to do 
some sort of averaging or, to speak graphically, curve- 
fitting and smoothing. It is far easier to fit the “best 
straight line” to a set of points than to fit “the best 
curve” to the set. But a proportionality between two 
quantities means that each is a linear function of the 
other so that curve-fitting or averaging is made as 
simple as possible. Obviously, proportionality can be 
expressed in more than one way but its essence is linear- 
ity. Consequently a physical scientist is particularly 
happy when the relationship he has discovered can be 
expressed as a proportion. 

Any numerical problem in physics or chemistry in- 
volves finding a quantitative relationship between two 
measurable quantities. More often than not the actual 
relationship is a linear one, that is, the two quantities 
are proportional to one another, and the problem 
could be solved instantly if the value of the propor- 
tionality constant k were given. In all but the simplest 
problems it is not given and the calculation of k in- 
volves one or more relationships which themselves are 
frequently linear. 

Many of the characteristic numerical constants as- 
sociated with a substance are really proportionality con- 
stants. Density is the proportionality constant between 
mass and volume. Specific gravity is the proportional- 
ity constant between density of X and density of 
water. Refractive index is the proportionality con- 
stant between velocity of light in vacuo and velocity of 
light in a fluid. Molecular weight is the proportional- 
ity constant between mass (g., lb., etc.) and number of 
moles (g.-mole, lb.-mole, etc.). These proportionality 
constants act as connecting links between the two 
appropriate quantities. 

How many ml. will be occupied by 250 g. of a sub- 
stance whose density is 2 g./ml.? The relationship be- 
tween volume and mass is a linear one: volume is pro- 
portional to mass. The proportionality constant is 
the connecting link. The density of the substance, 
which is given here, is also a connecting link between 
mass and volume. It remains to be decided whether 
it is the k in» = km or the k’ in m = k’v, both of these 
expressions being equally proper forms of the linear 
relationship between mass and volume. (The student 
would say that he must decide whether to multiply or 
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to divide by the 2 g./ml.) There are at least two logi- 
eal ways of a this problem: 


m 250 
(a) Since oo m then 7% = i ; 


PEE: tememeation? method) 





x = 125 mi. 


(bo) ml. =g.X =. x = 250 X 1/2 = 125 ml. (label or dimen- 
sional method) 


To emphasize this idea that proportionality con- 
stants in general and many physical constants in par- 
ticular are connecting links, consider the game of 
dominoes as an analogy. Suppose the free end of a 
given pattern of dominoes is a 5 and we wish to have 
the free end changed into a 2. If we happen to have the 
domino 5 : 2 at our disposal it is simple. We merely 
match the 5 against the 5 and there is our 2 on the 
end. ‘The domino 5:2 is the connecting link between 
5 and 2 enabling us to get from one to the other. Sup- 
pose, however, we did not have 5:2. It may still be 
possible to get from 5 to 2 if we happen to have a proper 
sequence of dominoes, for instance, the sequence 5 : 6, 
6: 3,3: 4,4: 1,1: 2, as shown in Figure 1. This 
whole sequence is essentially equivalent to the one con- 
necting link 5 : 2, and if they were glued together the 
five dominoes of the sequence could be used as a single 
domino to connect 5 and 2. 

Consider now the following problem, which j is fairly 
complicated for a beginner in chemistry: What volume 
sulfuric acid (density 1.20 g./ml., 28% by wt. will 
be required to neutralize 50 ml. of caustic soda (density 
1.10 g./ml., 10 per cent by wt. NaOH)? Here we wish 
to get from “‘volume of base” to “volume of acid.” 
We have, so to speak, a free end marked “ml. base’’ 
and we wish to have a free end marked “ml. acid.” 
These volumes are of course proportional to one another. 
Fifty ml. of base will require twice as much.acid as 25 
ml. would and one-tenth as much as 500 ml. would. 
However, the proportionality constant fixing the ratio 
“ml. acid” : “ml. base” is not given. In the domino 
analogy, we do not have the necessary single domino 
5 : 2 and must resort to some sequence of dominoes 
(proportionality constants) in order to reach the de- 
sired goal. What dominoes do we have at our disposal 
in this problem? 

In Table 1 are listed the given numbers, the physical 
labels they bear (showing the two quantities which they 
link together), and the analogous “‘dominoes” repre- 
senting them. The first four entries in the table are 
actually given immediately in the problem. The start- 
ing point is obviously the “free end” labeled “ml. base.’’ 
In order to get anywhere from this starting point, 
there must be a domino bearing “ml. base” on one 
end, that is, we must find a number in whose label the 
term “ml. base” appears. It is obvious that the den- 


sity of the caustic solution is the required connecting 
link and that 7 7s the only one given in the problem that 
could be so used. This is important because it shows 
the student how to attack this problem. So often the 
complaint is made: 


“T could do all the steps in the 
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problem, but I didn’t know where to start.” The 
label or domino method cate a definite program 
at once. 

Having used the density of sasiahia solution the ‘‘free 
end” is now “g. base” and to get farther we need a 
domino bearing “‘g. base’”’—obviously the 10 per cent 
by weight of NaOH—and the use of this changes the 
free end into “g. NaOH.” We now seek in vain for a 
domino bearing “g. NaOH” from among those given 
directly in the problem and must resort to a little 
knowledge of chemistry. We write the equation for 
the reaction between H:SO, and NaOH: H.SOQ, + 
2NaOH = NaSQ, + 2H20 and discover that it is 
equivalent to the connecting link between moles of 
NaOH and moles of H:SO,. This link is the propor- 
tionality constant 2 mole NaOH/mole H.SO,. This 
suggests at once that the missing domino bearing “g. 
NaOH” is the molecular weight of NaOH, that is, 40 g. 
NaOH/mole NaOH. The remainder of the steps in the 
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problem now become clear and the line-up of “domi- 
noes” representing the solution is shown in Figure 2. 

Notice that there is never any doubt as to whether 
the domino is upside down or right side up; the neces- 
sity of matching the proper ends assures proper orienta- 
tion. Now putting the dominoes end to end as shown 
is, in the analogy, equivalent to multiplying the corres- 
ponding ratios in the same orientation, thus: 
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g. base g. NaOH ., mole NaOH 
ml. base ml. base x g. base x g. NaOH 
mole HeSO, g. HSO, g. acid 
mole NaOH “~ mole H2SO, “~ g. H2SO, 
ml. acid acid = ml. acid 
g. acid 


The numerical answer to the problem is then ob- 
tained by putting the numbers for each ratio, using the 
number as tabulated if the ratio is right side up and 
using the reciprocal of the number if the ratio is upside 
down, thus: 


1 1 1 
50 X 1.10 X 0.10 X FX 5 X 98 X Oo X 
1 


T.20 = 20.0 ml. acid 


The problem in this way is set up very directly and 
without false starts and is immediately in a form suit- 
able for calculation without any algebraic manipula- 
tions and with a minimum of effort. The domino an- 
alogy is, of course, simply a device for catching the at- 
tention and perhaps aiding the comprehension of 
students when they are presented with the label or di- 
mensional method of solving problems.’ 

A proportionality constant is a connecting link be- 
tween two quantities and in general any mathematical 
equation-is a relationship enabling us to get from one 
quantity to another. A very important point is that 
there must be at least one independent relationship used 
for each quantity to be calculated. In the rather com- 
plicated little problem used as an example there were 
no less than 7 connecting links, six of them being “‘con- 
stants” (two densities, two weight per cent, and two 
molecular weights) and the seventh being derived from 
the chemical equation. However, only one thing was to 
be calculated and only one connecting link need have 
been required. In fact, the product of the seven con- 
necting links actually used is, like the row of dominoes 
glued together, the one connecting link required and 
when it has once been calculated it may be used in all 
other problems in which it is necessary to calculate the 
volume of this caustic from the volume of this acid or 
vice versa. 

Each connecting link also represents an experimental 
measurement, even the chemical equation, which is a 
very complex experimental measurement. Hence for 
every quantity to be calculated there must be at least 
one experimental measurement made. This fact is 
important not only in solving numerical problems but 
also in formulating a research program because it tells 
us the minimum number of measurements required to 
reach the desired goal. 

For example, consider a problem in which more than 
one thing is to be calculated: ‘What is the composi- 
tion of a mixture of H, and CO if a 30-ml. sample, after 
mixing with an equal volume of O2 and being burned, 
gives a residual volume of 25 ml.?” Here we wish to 
know three things, the volume of He, the volume of CO, 
and the volume of O2 and there must be at least three 


? HazLenurst, T. H., J. Cem. Epuc., 23, 445 (1946). 
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independent measurements in order to determine these 
three things. To a mathematician this is at once ob- 
vious because each measurement is a statement, a sen- 
tence, an equation. In order to determine three 
unknowns there must be at least three equations. This 
sort of problem brings home to a student very forcefully 
the application of a mathematical principle which he 
once learned and promptly relegated to the limbo in 
which one files elegant and “useless” mathematical 
theorems. The three measurements here made are (1) 
the volume of the sample, (2) the total volume of sample 
-+- added Os, and (3) the residual volume after combus- 
tion. If we let x be the volume of He, y the volume of 
CO, and z the volume of Op, the equations are: 


Hz + 1/202 > H2O (chemical equation) 

x+2/2—zero; v = —3x/2 (vol. change) 
ctyt+e = 60 CO + 1/2 O2 — CO: (chemical equation) 
32/2 + y/2=35 y + y/2 > y v= —y/2 


whence z = 30,2 = 20, y = 10.. 

In this connection it is interesting to test a class in 
physical chemistry by asking them where to obtain the 
information for a complete calculation of the composi- 
tion of a 0.1 M solution of malic acid. Usually some 
some member of the class will know an approximate 
formula for getting [H;0+], and several will suggest 
correctly the two ionization constants for malic acid 
and the ion-product for water. It is a very exceptional 
class that will think of the other two relationships 
necessary to solve for the five unknowns [H;0*], 
[H2Me], [HMc~], [Mce--], [OH-j. (They should not 
be required to solve the equations unless the teacher 
is in a particularly tough mood because in this case a 
solution for one of the variables comes out as a fifth 
degree equation.) 

Numerical problems in physical science always in- 
volve getting from one quantity to another and the 
connecting links are the formulas which are themselves 
the translation into mathematics of a measured rela- 
tionship between the quantities. The surest way to 
attack such a problem is to recognize clearly the start- 
ing point and the end. point and then to use the labels 


x+y = 30 


i il 


o) OFFICIAL BUSINESS 


The following program was presented at the 245th 
meeting of the N.E.A.C.T. held at the Saint Thomas 
Seminary, Bloomfield, Connecticut, on March 27, 
1948. “Greetings,” The Reverend Raymond G. La- 
Fontaine, President, Saint Thomas Seminary; “Growth 
Hormones in Plants,’”’ Jacob Rappaport, Smith College; 
“The Nature of Chemical Purity,” Harold Cassidy, 
Yale University; “Chemical Studies on Marine Inver-, 
tebrates,”’ Werner Bergmann, Yale University; 
“Chemistry in the Four Year Pharmacy Curriculum,” 
Walter Williams, University of Connecticut, College of 
Pharmacy. There was a short business meeting at the 
beginning of the afternoon session. Luncheon was 
served at the Seminary. 
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as guides in setting up the final calculation. The for- 
mulas themselves should be considered and used as re- 
lationships rather than as special arrangements of 
symbols which have been committed to memory. 

“Mathematics is a language.” In attempting to 
convey information through an ordinary language such 
as English or Russian there are three sources of confu- 
sion. The first is a poor choice of words. This source of 
confusion is seldom present in mathematics since the 
symbols used are defined in the problem. The second is 
improper construction of sentences, of which the mathe- 
matical analogy would be erroneous formulation of an 
equation or an error in algebraic manipulation, both of 
which can be avoided by the exercise of a small amount 
of care. The third is confusion caused by associations 
and implications. It is here that mathematics, as a 
universal language, has the advantage over English or 
Russian. The bare symbols seldom have nostalgic 
meaning for the user unless his hobby happens to be 
calligraphy. In other words, mathematics is the lan- 
guage which approaches asymptotically a complete free- 
dom from emotional association and implication. 


















































TABLE I 
Given Representative 
No. Nature Physical label “domino” 
g 
1.20 Density G. acid/ml. acid ———— mi | Biss 
acid g. 
|_acid | |H.SO 
0.28 Wt. % G.H2SO,/g. acid: =a i ‘ 
a . 
: | base acid 
1.10 Density G. base/ml. base———~ = pe 
| base | IN aOH 
0.10 Wt, % G.NaOH/g. base-—— er le oo 
InaoH] [base_| 
40 Mol. wt. G. NaOH/mole NaiOH> pores nd 
NaOH] | 7%, 
H2SO; 
98 Mol. wt. G. H:SO./mole H.SO,—— peg 
ml. | | £80 
base | = 
50 Volume Mol base — |- | 
9 NEW MEMBERS 


John G. Atwood, Gilbert School, Winsted, Connecti- 
cut 

Charles E. Braun, University of Vermont, Burlington, 
Vermont 

William G. Chase, Lowell Textile Institute, Lowell, 
Massachusetts 

Paul L. Daley, Lowell Textile Institute, Lowell, Massa- 
chusetts 

George Deckey, Textile School of Rhode Island School 
of Design, Providence, Rhode Island 

Harold G. Hewitt, College of Pharmacy, Wniversity of 
Connecticut, New Haven, Connecticut 

Roy E. Hunt, General Electric Co., Schenectady, New 
York 
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Ernest Peter James, Lowell Textile Institute, Lowell, 
Massachusetts 

Douglas L. Kraus, Rhode Island State College, 
Kingston, Rhode Island 

S. K. Eugenia Lieboner, Saint Mary’s College, Univer- 
sity of Notre Dame, Holy Cross, Indiana 

George R. Richason, Jr., University of Massachusetts, 
Amherst, Massachusetts 

Brother Roland, 8. C., Sacred Heart Academy, Central 
Falls, Rhode Island 

Robert M. Sherman, Brown University, Providence, 
Rhode Island ; 

C. Theodore Sottery, University of Massachusetts at 
Fort Devens, Fort Devens, Massachusetts 

Francis M. Turner, Reinhold, Publishing Co., New York, 
New York 

Eugene C. Winslow, Rhode Island State College, Kings- 
ton, Rhode Island” 


JOURNAL OF CHEMICAL EDUCATION 


S TENTH SUMMER CONFERENCE 
University of Maine, August 22-28, 1948 

This year the N.E.A.C.T. returns to Orono, Maine, 
the scene of the pleasant.and successful Second Summer 
Conference. A leisurely program is being planned with 
plenty of time for discussion, relaxation, and recreation. 
It is hoped that the program will be complete in time to 
publish it in the July issue. At the time this goes to 
press the following speakers have been scheduled: 
Hubert N. Alyea, Princeton University; James S. 
Coles, Brown University; Samuel Glasstone, Boston 
College; John W. Irvine, Jr., Massachusetts Institute 
of Techology; and Charles A. Kraus, Brown University 
(Emeritus). Anyone interested in attending should 
write to the secretary of the Conference Committee, 
Paul F. Stockwell, Brattleboro High School, Brattle- 
boro, Vermont. It is anticipated that there will again 
be a large attendance from cutside New England. 





To the Editor: 

In your February, 1948, issue (p. 115) V. A. Kali- 
chevsky tells us that the survival of civilization depends 
on our developing men who are not narrow specialists 
but who are capable of broad, coordinating efforts. 
He then proceeds to raise a number of “Have you 
stopped beating your wife?” questions which have as 
their goal the promulgation of an antidemocratic 
theory that education should be denied to all but an 
elite stratum of society. 

Questions about the utility and effectiveness of our 
educational system are very much in order at*the present 
time, but Mr. Kalichevsky’s attack from the stand- 
point of returning to 18th century practices of ex- 
clusiveness, less education, and more child labor is 
hardly designed to remedy the evils of the present 
system. 

The leading nature of his questions is obvious when 
he asks, ‘Should taxpayers be bled for the support of 
students with limited capabilities?” The answer to 
this question is, obviously, ‘“No.” But what has it to 
do with reality? Are the taxpayers really being bled 
for education? The total expenditure by all agencies 
in this country for the education of all students (in- 
eluding those with “unlimited” capabilities) is about 
20 per cent of the armament budget and less than 2 
per cent of total national income. The poor, bleeding 
taxpayer might better look elsewhere for relief. 


Again, he inquires, ‘Is the overproduction of edu- 
cated classes an asset to the country?” Is there, in- 
deed, an overproduction of educated classes? Or is the 
sad truth that too few of us have an adequate educa- 
tion? Mr. Kalichevsky seems to fear that the lower 
income classes will become dissatisfied with their 
position in life if they become educated when he asks, 
“Does the educational level interfere with the type of 
work which a person expects to do in the future?” 

“Are educational institutions in a position to weed 
out the less capable students.:.?’’ Should the less 
capable students be weeded out ruthlessly or should 
they receive an education more adapted to their needs? 
Do not the less talented among us need and deserve 
assistance more than do the more fortunate? And 
does not the continued existence of democracy depend 
on educating all of us for good citizenship? 

Space does not permit me to point out the similar 
fallacies in the rest of the questions. In conclusion, 
I must reluctantly judge from his undemocratic at- 
titude and his inability to come to grips with the real 
problems of education and society that Mr. Kali- 


‘chevsky is one of those same narrow specialists whom 


he has found wanting for being “unfamiliar with the 
basic problems involved in handling people.” 
RaupH SPITZER 


OREGON STATE COLLEGE 
CoRVALLIS, OREGON 
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@ COLLEGE CHEMISTRY IN NURSING EDUCATION 


Edna C. Morse, Assistant Professor of Home Economics, Teachers 
College, Columbia University. The Macmillan Company, New 
York, 1947. xii + 260 pp. 13 X 20cm. $4. 


THIS BOOK examines a problem which faces all college teachers 
of general chemistry. It deals with the ability of the course to 
satisfy the needs of a particular vocational group, in this case pre- 
nursing school students. However, there are useful implications 
here for other groups because the author discusses such general 
topics as “the liberal arts tradition versus vocational interests” 
and “the attitude toward the vocational course” in college. The 
book should also have value for those engaged in planning pre- 
nursing college programs, as pointed out in the preface by Isabel 
Stewart, Professor of Nursing Education in Teachers College, 
Columbia University. 

After careful consideration (89 pages) of both the needs of 
student nurses and the material offered in the general college 
chemistry course, the author concludes on pages 87-88 that “the 
sonventional course in college chemistry, even at its best, goes 
only part way toward meeting the requirements of the student in 
nursing.... It will not provide the necessary foundation in 
organic or in physiological chemistry, and some of the contents of 
general chemistry will need to be strengthened. Moreover, the 
responsibility for helping the student to acquire insight into the 
functioning of chemistry in the professional situation, and for 
integrating this academic material in the new setting, rests with 
the school of nursing.” This designation of responsibility is 
important in the opinion of the reviewer and should be kept in 
mind when planning programs for all vocational groups. 

The last half of the book outlines, with detail sufficient to be 
useful to instructors, a chemistry course for the school of nursing 
which ‘is to follow the introductory college chemistry course. 
The author’s wealth of teaching experience shows clearly here. 
She makes a point on page 111 which is applicable in all vocational 
fields, namely, the suggestion that the teachers of chemistry, 
anatomy and physiology, and biology should study together as a 
group and ‘ work out serviceable sequences and correlations.’ 
Such integration has been neglected too frequently in all phases of 
our science teaching. 

The course outlined by Miss Morse is of the length usually pre- 
sented in nursing schools (60-90 hours). It consists of eleven 
units, approximately two-thirds of which deals with organic 
chemistry and biochemistry. The biochemical topics stress the 
chemistry of the normal individual, leaving a consideration of 
pathological conditions to other courses. Each unit is considered 
with respect to (1) its objectives, (2) an “overview,” (3) an outline 
of content, (4) suggested development, (5) suggestions for study 
and discussion, and (6) references. These reading references are 
well chosen on the basis of availability to the student and are of 
recent date. Certain ones of more advanced character are desig- 
nated for the use of theinstructor. The suggestions for study and 
discussion seem to be very worth while. 
applications which should be helpful not only to instructors of 
such a course as is presented here, but also to all chemistry 
teachers of nursing school students who are either in their pre- 
clinical or clinical years. 

The study of “‘the important classes of organic compounds” was 
arranged with the realization of the value to the student of acquir- 
ing “an understanding of group relationships and significant 
group behavior,” as stated on page 129. The section on cyclic 
and heterocyclic compounds stresses “pointing out chemical rela- 
tionships and the frequency with which common group action is 
associated with common structural features,’ as noted on page 


157. This approach seems very practical to the reviewer who 
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has had nearly ten years’ experience teaching student nurses both 
in college and in nursing school chemistry courses. 

In conclusion, the reviewer wouid like to recommend this book 
to all chemistry teachers who have student nurses in their classes, 
They will find its subject matter useful. Moreover, the book 
should find a place on the desk of any administrator who is con- 
cerned with curriculum planning for student nurses either in 
college or nursing school because the author summarizes in an 
unbiased fashion the needs of the students and the facilities 
available for their satisfaction. 


HELEN I. MINER 
Wayne UNIVERSITY 
Detroit, MIcHIGAN 


9 MANUAL OF QUANTITATIVE ANALYSIS 


Donald R. Clippinger, Professor of Analytical Chemistry, Ohio 
University. Ginn and Company, Boston, 1947. vi + 339 pp. 
38 figs. lltables. 20 X 26.5cm. $3.50. 


THIS EXCELLENT loose-leaf manual includes not only the 
conventional material found in an elementary textbook of quan- 
titative analysis but also directions and model report blanks for 
59 experiments. Some of the older time-consuming experiments 
have been eliminated but the substitutes make up for them. 
For example, there are procedures for colorimetric, electrophoto- 
metric, electrometric determination of pH (using hydrogen, 
quinhydrone, and glass electrodes) and polarographic analyses. 
The theoretical part is well done and sufficiently complete for a 
book of this type. My only criticism would be that there should 
be more problems involving numerical answers—and an index. 


“Ss. B. ARENSON 
1884 Lauren Canyon BouLEvARD 
Houtitywoop 46, CALIFORNIA 


e FUNDAMENTALS OF PHOTOGRAPHIC THEORY 


Thomas H. James, Research Chemist, and George C. Higgins, 
Research Physicist, Eastman Kodak Co., Rochester, New York. 
John Wiley and Sons, Inc., New York, 1948. vii + 286 pp. 
106 figs. Qtables. 14.55 X 22cm. $3.50. 


As THE title states, this is a treatment of the fundamental 
theory of photography. The historic side is scarcely mentioned. 
The references, many of them recent, extend the presentation but 
do not pretend to make a complete bibliography. Each reference 
list starts with: Mees, ‘The Theory of the Photographie Proc- 
ess.” In the preface the authors say: ‘“The very existence of 
the book owes much to the encouragement and advice of Dr. 
C. E. K. Mees.”’. Aid from other associates at Rochester is fully 
acknowledged. , 

The seven pages of Chapter I outline the essential steps of black 
and white photography. Terminology is presented under the 
headings, Light-Sensitive Material, Latent Image, Development, 
Fog, Fixing, Negative and Positive, the Characteristic (H&D) 
Curve, Density and Gamma. 

The following chapters enlarge on these various topics in a 
detailed, clear, and thorough manner. The authors assume that 
their readers will have, “‘a basic knowledge of physics and physical 
chemistry.” They use the vocabulary of these fields. Readers 
of the JourNaL or CuHEmicaL Epucation should feel at home 
with their style. Organic structural formulas and equations are 
used freely, 

Three chapters deal with various phases of the theory of 
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development and three others are devoted to sensitometry. One 
chapter discusses the structure of the developed photographic 
image, granularity, resolving power, and related topics. There 
is also a short chapter on sensitizing and desensitizing dyes. One 
page is given to dye coupler development but color photography 
is not included in the book. Neither is there any discussion of 
reduction, intensification, or toning. 

This is not ‘a book for light reading but it is well written, 
interesting, and rewarding. Briefly and clearly it presents the 
theory of black and white photography in about one-fourth the 
space used by Mees and bridges the interval since the larger book 
was published. 

JAMES C. MCCULLOUGH 


OBERLIN COLLEGE 
OBERLIN, OHIO 


& VEILIGHEID EN CHEMIE (Safety and Chemistry) 


fr, FA J. Pieters, Director of the Central Laboratories of the 
State Mines in Limburg (Holland). Published by the Safety 
Council of the State Mines, Heerlen, 1947. vi + 306 pp. 41 
figs. 35tables. 14 X 22cm. Paper bound. 


Tuts handy volume of directions for promoting safety in chemi- 
cal laboratories is the revised and enlarged edition of a safety 
booklet issued in 1942 by the Dutch State Mines and sold at cost 
to the personnel of chemical and industrial laboratories. 

The subject matter is discussed in five chapters under the head- 
ings: (1) Hazards in Dealing with Glass, Gases and Inflammable 
or Explosive Materials, (2) Physiological and Toxicological Data 
on the Inorganic and Organic Substances Most Frequently Met 
in Chemical Laboratories, (3) Safety Appliances, (4) Directions 
for Promoting Safety in Handling Apparatus and Chemicals, and 
(5) Determination of Minute Quantities of Toxic Gases and of 
Dust Particles in Air. The treatment is thorough and detailed 
and includes recent improvements in experimental technique. 

The literature references at the end of each chapter cover the 
field through 1947 and the tables at the end of the book supple- 
ment the data in the text. Additional useful items are ‘‘the care 
and treatment of platinum ware” and a list of safety slogans (some 
of them in the original version), culled from the “National Safety 
News” for 1947. One might wish that the author had included a 
few striking ‘Safety posters,” such as have been issued in this 
country, to teach proper respect for the hazards of chemicals. 
This omission, however, does not detract from the merits of this 
up-to-date volume which deserves a wide circulation. 


H. 8. van KLOOSTER 


RENSSELAER PoLyTEcHNIc INSTITUTE 
Troy, New Yorxk 


@ THE TECHNOLOGY OF ADHESIVES 


John Delmonte, Technical Director, Plastics Industries, Tech- 
nical Institute, Los Angeles, California. Reinhold Publishing 
Corp., New York, 1947. 516 pp. 79 figs. l100tables. 15 x 22 
cm, 


In THE light of other publications on adhesives in the past 
twenty years, this book is very superior and the author is to be 
commended upon it. Not only does it cover the almost innumer- 
able new synthetic adhesives that have appeared to take a large 
fraction of the field but its style is flowing and easy, with clarity 
of expression. 

The opening chapter gives an introduction to the subject of 
adhesion, with classification of adhesives. Following this there 
are well written chapters on phenolic resins, urea and melamine 
resins, other thermosetting resins, polyvinyl resins and polysty- 
rene and acrylic resins, with emphasis upon their use as adhe- 
sives. In these several chapters much attention has been given to 
the synthesis of the resins under discussion, and the book can be 
regarded as a good introduction to the chemistry of synthetic res- 
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ins and plastics. Perhaps there has been more space devoted to 
synthesis of these adhesives than is justified in view of the good 
reference books available on the subject. 

Further chapters deal with rubber adhesives, adhesives from 
cellulose, from proteins and from other natural sources. While 
the treatment is noncritical, copious references are given at the 
ends of the chapters which make this book a splendid bibliographic 
source. It is to be hoped that sometime a truly critical review of 
the many patents and literature claims will become available. 

A very welcome chapter of thirty pages on theories of adhesive 
action is included. Undoubtedly one of the weakest aspects of 
the subject of adhesives is the theoretical background, and the 
reviewer feels that even more emphasis could have been placed 
on theory to advantage. 

One hundred and twenty pages follow on adhesives for wood, 
plastics, rubber, paper, etc., giving general considerations some- 
times lacking in detail that one would need for the solution of spe- 
cific problems. For example, it is mentioned that different woods 
vary widely in their ease of gluing, but no mention is made of 
which woods glue easily and which poorly. On this account, the 
book cannot be regarded as of maximum value to the shop man. 

The final chapter gives details on tests and specifications for 
adhesives. 

Typography and quality of illustrations are good. Compara- 
tively few typographical errors have been found and only a very 
occasional misinterpretation of fact. In general, the book can be 


highly recommended. 
8.S. KISTLER 


Norton CoMPANy 
WoRCESTER, MASSACHUSETTS 


& NEW DEVELOPMENTS IN FERROMAGNETIC 
MATERIALS 


J L. Snoek, Philips Gloeilampen Fabrieken, Eindhoven-Holland. 


Elsevier Publishing Co., New York, 1947. viii + 136 pp. ‘15 x 
2lcm. Il3tables. 52 figs. $2.50. 


Tuts small booklet is nineteenth in a series of Monographs on 
the Progress of Research in Holland During the War, published to 
“Show the world that scientists in the Netherlands have remained 
active during the five years of German occupation.”’ In the 
introduction, the author admits the limited scope of the book and 
points out that “it is intended as a report on our researches dur- 
ing the war under conditions which became gradually harder and 
in an atmosphere ill suited to the development of scientific 
thought.” It is primarily addressed to physicists interested in 
the theory of ferromagnetic hysteresis. Chemists will, neverthe- 
less, find much of interest in the third and final chapter on, ‘“‘De- 
velopment of Magnetic Materials,” which deals particularly with 
ferromagnetic nonmetals, especially those that may be considered 
analogous of magnetite (Fe;0,). These are given the type name 
of “ferroxcubes” with the general formula, MO-Fe.0;, where 
M = Mg, Zn, Cu, Ni, Fe,Co,and Mn. They have a cubic struc- 
ture and form continuous series of solid solutions. While show- 
ing lower saturation values than ferromagnetic metals, they have 
the advantage of being virtually nonconductors and show low 
hysteresis and very low eddy-current losses at high frequencies. 
“Numerous applications of these magnetic oxides are possible in 
radio and telephony.” 

To produce these interesting materials, powder metallurgy or 
ceramic techniques are employed. The most favorable high fre- 
quency properties are observed when the products contain no 
oxygen deficiency and have a dense structure; these properties 
are attained under conditions of sintering that insure complete re- 
action between solid components at lowest possible temperatures. 
The work described in Chapter 3 would serve admirably as a topic 
for a seminar in advanced inorganic chemistry. 


LAURENCE 8S. FOSTER 
WATERTOWN ARSENAL 
WATERTOWN, MASSACHUSETTS 
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I suprose much mental energy has been spent on the 
master’s degree, but the results have scarcely been com- 
mensurate. It is the vermiform appendix of our edu- 
cational organism. If it had a useful function at some 
time, it has since been forgotten and the organ is now 
scarcely more than vestigial. Maybe it should be ex- 
cised. 

In many cases it is a consolation degree for those who, 
for one reason or another, can’t quite scale the heights 
to the Ph.D. Probably this is useful, but it does put a 
rather dubious value on the M.A. or M.S. 

There seem to be two movements slowly under way. 
One is the decline of the master’s degree, possibly tend- 
ing toward its ultimate elimination. The other, more 
recent, is toward the establishment of the master’s 
degree as a primary academic objective, with the rela- 
tive submergence of the A.B. or B.S. 

Our academic degrees, even though the outgrowth of 
medieval ceremonialism, have nevertheless been adapted 
to useful modern purposes. By nearly universal com- 
mon consent, the A.B. or B.S. certifies to four years of 











“recognized’’ collegiate experience, with at least some 
slight designation of the field of major interest. The 
Ph.D. bears witness to independent intellectual initia- 
tive, stamping one as a leader rather than a mere fol- 
lower of the thoughts of others. The “professional” 
degrees ostensibly guarantee proficiency in the various 
technical fields. 

But the master’s degree rattles uncertainly. On his 
application blank the timorous graduate student indi- 
cates this as his objective, knowing full well that if he 
lives out his residence requirement and passes his 
courses the degree is a foregone conclusion. During this 
time he will prove to himself and his superiors whether 
or not he has a chance of successfully reaching the real 
goal—the Ph.D. 

Maybe this is enough, but surely it would be more 
satisfactory to find a positive significance for the de- 
gree, rather than a negative one. Thus far, the only 
positive suggestion seems to be its utility for prospective 
high-school teachers. A good start, but somewhat 
limited. 





ATTITUDE AND EDUCATION’ 


My SUBJECT is Attitude and Education. My thesis, 
a simple one, is first, that the prime purpose of education 
is to inculcate healthy attitudes; second, that choice of 
subjects or curriculum has little to do with this; third, 
that the teacher has everything to do with it; and 
fourth, I am making a plea for the increased recognition 
of teachers who inspire in their pupils an attitude of 
warmth and good will. 


SOCIAL UTILITY VS. TRADITIONALISM 


The choice of educational subjects has evoked much 
controversy. A mid-western professor of education has 
in a recent article flayed what he calls the Traditionalist 
School of education. By this he means “those who be- 
lieve that the way to strengthen a pupil’s memory, 
judgment or reasoning is to give him stiff doses of the 
traditional subjects, Classics, Mathematics, Science.”’ 
Opposed to this is what he calls the Social-Utility 
School, the members of which emphasize the teaching 
of such knowledge as is likely to function directly in the 
life of the individual. The professor is not mealy- 
mouthed about the defects of the traditionalist school, 
which, he admits “includes the great majority of uni- 
versity professors, a very latge proportion of profes- 
sional men, doctors, lawyers, etc., etc.”” and he adds, 
“a goodly number of top business executives.” 

This is how he disposes of the claims of the traditional- 
ists. “They think,” he says, “that judgment is a unity 
and that people have good, medium, or poor judgments. 
The exercise of judgment in one area like mathematics 
will, therefore, automatically improve one’s judgment 
in purchasing a car, choosing a wife or voting in an 
election!’ Then he goes on to expound the credo of his 
Social-Utility School. ‘They,” he explains, “believe 
that training in memorizing poetry may be of little or 
no help, or even a downright hindrance, in remembering 
the stock quotations, or in recalling the names of ac- 
quaintances!”’ How true but perhaps how unimpor- 
tant! Education has, of course, to do with mental dis- 
cipline and also with vocational instruction, but who will 
not agree with Livingstone when he says “our fundamen- 
tal and chief task of education today is to form the 
right attitude to life?’ There are others who approach 
the problem more plausibly. 


THE HUMANITIES 


When receiving a degree in Toronto, Mr. Anthony 
Eden recently expressed the hope that there might, in 
education, be a greater emphasis upon the humanities. 
We observe the trend toward prolonged college lecture 





1 Address presented at the winter meeting of Industrial Re- 
search Institute, Rye, New York, February 4-6, 1948. 


W. B. WIEGAND 
Columbian Carbon Company, New York City 


courses on the history of Western Culture and the like, 
I am not convinced that we shall so simply purge the 
rising generation of the humors which have bedeviled us, 
Here is what A. E. Housman, a great scholar, poet, and 
humanist has to say, “I do not much believe in these 
supposed effects of classical studies. I do not believe 
that the proportion of the liuman race whose inner 
nature the study of the classics will transform and 
beautify is large. ‘And again, “I never yet heard it 
maintained by the wildest enthusiast for Classics that 
the standard of morality or even of amiability is higher 
among classical scholars than among men of Science!” 
His final remark on the subject is refreshing. “The 
special effect,” he says, ‘“‘of a classical education on the 
majority of those who receive it is not to transform and 
beautify their inner nature, but rather to confer a cer- 
tain amount of polish on their surface.” 

There are teachers of language, literature, and history 
as insignificant as an iota, so dry they rattle. The 
human soul can congeal in etymology as readily as in 
our test tubes. Science holds no monopoly of heartless 
intellectualism. There are teachers who know their 
subjects cold. I was first taught geology by a world- 
famous professor who could not conceal his scorn for 
freshmen. That finished the subject forme. My first 
introduction to Shakespeare was a minute hypercritical 
analysis of “Julius Caesar.”’ I cannot, even now, 
manage to read this play without wincing. I know a 
professor of Romance languages who had so spent him- 
self on his books that he had nothing left over for his 
students. It was not until his own son had entered 
the class and then reported how the students disliked it 
that the realization came to him. It would seem evi- 
dent that a curriculum based on literature, languages, 
and history cannot, of itself, “transform and beautify 
our inner nature.” 

Then there are those who pin their hopes for better 
attitudes upon a more up-to-date religion. 


NEO-PSYCHO-ANALYTICAL RELIGION? 


Conspicuous among these is Liebman, whose persist- 
ent best seller, ‘‘Peace of Mind,” aims to copolymerize 
psychiatry and religion. There were things in this book 
which I found obscure. I have time for only a few ex- 
cerpts. On page 38 I read, “Thou shalt love thyself 
properly and then thou wilt love thy neighbor.” This 
seemed pleasant enough advice, but on reaching page 
72 I read, ‘Experiments now indicate that the love of 
neighbor is a prerequisite for love of self!” Can you 
blame me for deciding to love nobody until Research 
Director Liebman had made up his mind? 

But to me the most astounding proposal in this book 
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was a suggestion that what this age requires is not so 
much a transformation of man as a revised edition of 
the Deity. Here are his words: “A religion that will 
emphasize man’s nothingness and God’s omnipotence 
may have fitted the needs of many Europeans but it 
will not satisfy the growing self-confident character of 
America. There is a chance for a new idea of God—a 
religion based not upon surrender or submission.” 
Liebman may be a teacher with a large following in a 
neurotic world but surely what is needed is not so much 
a new religion embellished with psychiatric trappings 
as an inspired restatement of the truths expounded by 
the Founder of Christianity. And now what about 
Science, our own subject? 


SCIENCE AND MIRACLES 


The Founder of Christendom worked miracles which 
brought many people to see and hear Him. But when 
they were assembled He spoke not about miracles but 
about the meaning and the ends of life. Upon the 
“miracles” of Science is now focused the attention of the 
world. What have we to say? What is our message? 
Must it be that we are scientists, not priests, so that our 
sole duty is to keep building ever higher the huge pyramid 
of scientific knowledge? 

Rather, has the time not come when everyone who 
practices our profession should remind those around him 
that while insisting on the green light to the truth in 
intellectual matters we are also beings who in our per- 
sonal philosophy agree with Plato when he says, “It is 
not the life of knowledge, not even if it included all the 
sciences, that creates happiness and well-being, but a 
single branch of knowledge—the science of good and 
evil’’? 

Surely, then, our message to all, including Jacques 
Barzun the distinguished educator who has called upon 
science to humanize itself, may well be that science, as 
such, needs no more, or less, humanizing than does 
archeology or etymology, but that first and foremost 
must come a right attitude to life, for this is an end, 
whereas science like all other aspects of knowledge is, 
in itself, but a means. But how can such attitudes be 
fostered in a day when the simple faith of our fore- 
fathers has largely vanished, when the fission of the nuc- 
leus overshadows the Sermon on the Mount? My an- 
swer is, ‘Mainly through our teachers.” 

Right attitudes are not fostered by this or that sub- 
ject of study. They are fostered by the inspiration and 
the example of great teachers. Here is how Richard 
Livingstone expresses it: * “The moving force of life is a 
vision. Men devise means when they are mastered by 
the passion for an end. Education is impossible with- 
out the habitual vision of greatness.. A teacher cannot 
give an adequate training in anything unless he knows, 
and can make his pupils see, what is great in it.” May 
I give an example or two? 


A VEDIC HYMN 


At high school our classics teacher, Mr. Connor, had 
decided to cajole me into classics at the university. 
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At his home in the evenings, he would drill me in Latin 
and then try to interest me in Greek. This he would 
interlard with references to older Sanskrit roots. One 
evening my attention must have wandered for he sud- 
denly stopped and fished out something. It was a 
poem from the Rig-Veda. He began by drawing me a 
picture of a Hindu shepherd high up in the Himalayas 
watching the sunrise, four or five thousand years ago, 
his soul bursting with the beauty of it. Then he read to 
me his own translation. As he read, his voice thickened 
and his eyes filled. He handed me the sheet of paper. 
It is entitled, “Hymn to Dawn—Rig Veda X.” I will 
read only the first line: “Go forth, go forth, upon the 
ancient pathway. . ..” 

I have kept it through the intervening forty years. 
At the time it was water off a duck’s back. At the uni- 
versity I studied, not classics, but chemistry and phys- 
ics. But now, after all these years, that water has re- 
turned to refresh a sometimes disgruntled soul! By an 
impulse not to be denied I began a year ago the study 
of Greek, and now in Homer I have at last found the 
hobby which will sustain me for the rest of my lifetime. 
Like chickens, early influences come home to roost. 
And this priceless boon I owe to my old teacher, 
“Jimmy” Connor, who lived humbly but whose memory 
is beyond price in the hearts of his pupils. He did more 
than impart knowledge—he inspired an attitude. 


ALGEBRA 


Our freshman class in algebra at the university was 
huge and raucous. Like everyone else, I had always 
loathed algebra. We groaned as we sat awaiting the 
first lecture. To our surprise, it was the head of the de- 
partment who entered. Beaming upon us he said he 
was going to devote his first lecture to one of the most 
fascinating parlor tricks he knew. Would we please 
pay close attention and see how bright we were. Then 
he began expanding on the blackboard an infinite geo- 
metric series—something simple like 1 + '/s; + 1/5 + 
1/4;, etc. On and on he went across the huge black- 
board, chatting pleasantly and getting us to help him 
with the mental arithmetic. After quite a number of 
terms had been unhurriedly expanded, he turned to us: 
“Gentlemen, do you understand that I could go on like 
this for all Eternity? That this series never ends? 
Think of it and never again look upon mathematics as a 
dry subject. The terms I have just set down can be ex- 
panded till they stretch from this room to the outermost 
reaches of interstellar space, and yet even there they 
will not ever terminate.” “Now, gentlemen,” he went 
on, “what would you do if I asked you to add together 
all of these terms? Impossible? Not at all. Be here 
promptly at 9 on Thursday and I’!l tell you the secret.” 

Our cynicism had vanished. Next Thursday we 
turned up alive with curiosity—and to many of us, from 
that moment, algebra had lost its terrors. The reason 
was that our professor had infused algebra with warmth. 
Our attitude had changed. To him, and therefore to us, 
algebra was no longer an affair of the head. It had 
become an affair of the heart! 
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OBSTETRICS 


The next incident occurred in my junior year. My 
roommate, a medical student, burst in one day replete 
with wrath. ‘The queerest lecture I’ve ever had,” he 
explained. The lecture was the opening one on child- 
birth. It was the senior professor, an eminent author- 
ity. He had bowed formally to the huge class, as 
used to be the custom in those days, then without a 
word turned to the blackboard with his crayon and be- 
gan to draw a straight line. His hand moved with 
agonizing slowness. After ten minutes the stupefied 
students could see naught but a huge letter, four feet 
high. The letter was “W”. Another ten minutes 
passed and by now an “A” had appeared. The stu- 
dents were getting noisy and shuffling their feet. All 
they saw was the silent professor’s back and that crayon 
creeping along at a snail’s pace. By and by a huge 
“T” had taken its place next to the ‘A’. Another ten 
minutes and the gong had rung. The lecture was over. 
But at that moment the professor had finished his fourth 
and last letter. It wasa “T”. ‘“W-A-I-T” stared out 
at the throng of medical students—a monumental les- 
son (meaning “never be in a hurry to use instruments’’) 
which would stick in their minds throughout their lives. 
The professor bowed, still without uttering a word, and 
left the room.... My friend is now a distinguished 


obstetrician—but he has never ceased extolling the 
wisdom of this great teacher who knew when to make 
. details subservient to principle and who had contrived 


to invest his students with an attitude of humility and 
awe towards their profession. 


ART 


Last autumn I attended a course of lectures on the 
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history of Greek art. The rather austere professor had 
Jed us through the Minoan and Mycenaean periods, 
Now he had got around to the Archaic. He projected 
on the screen that exquisite vase by Exekias showing 
Dionysus in a boat. He looked at it silently for a 
minute. Then he turned to us and said, ‘‘Ladies and 
gentlemen, we now approach an era in describing 
which I may depart from my customary attitude. [| 
may occasionally break down into superlatives. Can 
you forgive me? Of course we forgave him! We sat 
forward in our seats. The glow of warmth was there 
and had enveloped us. 


ENTROPY 


I am now going to say a word about entropy. Dol 
hear someone ask, ‘‘Is he going to romanticize on that?” 
Why not? Who can brood over this magnificent con- 
cept with other than a feeling of humility, awe, even of 
reverence? A century ago Carnot, Clausius, and Kel- 
vin fought their way through to its announcement, and 
not without opposition. I have never met Karl K. 
Darrow, but his recent paper on the “‘Concept of En- 
tropy’’? treats the subject with so much elegance and 
warmth as to make one feel that entropy ought to be in- 
cluded as one of the humanities! What matter whether 
we look upon entropy as a quantity which can flow, or as 
Darrow prefers, an attribute which never flows but rises 
or falls in situ, or whether we understand it best in terms 
of disorder or randomness? What does matter, for my 
purpose, is that entropy can be presented in a manner 
which promotes an attitude, and a student who can be 
led to feel in this way about entropy, as well as think 
about it, is on the road toward being a humanitarian: 
he is the more likely to use entropy for good, rather 
than for evil ends. He is developing an attitude of 
warmth rather than one of heat—and if there is any- 
thing needed in this day, it would seem to be less heat 
and more warmth! 


CONCLUSION 


I talked to a brilliant young mathematician, head of 
his department in a large Eastern college, about scholar- 
ship versus inspirational teaching. His explanation 
was stark. “When prémotions come up, the college 
authorities,” he explained, “feel that they must rely 
upon some concrete evidence of merit. If a man does 
not publish, how can his abilities be evaluated?” 

Here I reach the core of my thought. We are as 
never before in history surrounded by concrete progress, 
by the things which are seen. It is in the realm of things 
not seen that our failures occur. So my plea is for the 
greater recognition of teachers whose output is meas- 
ured not alone in papers but in pupils—not alone in 
books but in boys. When we find such let us honor 
them, reward them, and promote them. Let us make 
clear the high regard in which we hold them. 

For they will be teachers whose attitudes toward their 
subject—he it literature, art, or science—will be one of 


2 Darrow, K. K., Am. J. Phys., 12, 183 (1944). 
(Continued on ‘page 382) 
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THE CHEMICAL ENGINEER: HIS ROLE IN 
ELECTRICAL MANUFACTURING 


Ax rirst glance, the relationship between the elec- 
trical and the chemical engineer seems remote. The 
former is concerned primarily with the generation and 
transmission of power, the latter with the interpretation 
and application of chemical characteristics to produc- 
tion problems. 

Yet there are few associations more important in the 
electrical industry than this one. Electrical design of 
today has become more and more dependent on ac- 
curate knowledge of materials, their properties, and 
applications. Such factors as insulation and finishes 
are now of prime importance, and can mean the success 
or failure of an otherwise perfect electrical develop- 
ment. In addition, insulation, finishes, and other 
chemical products are needed in huge quantities in 
formulation as exact as those made in small laboratory 
lots. The chemist can create these compounds, but 
a chemical engineer is required to develop them and 
put them into actual production. Nothing illustrates 
that point any better than the basic distribution and 
power transformer. 

The transformer is composed of many basic elements, 
upon which depend its characteristics, its performance, 
and its life. One of the more important elements of this 
unit is its copper wire, which forms approximately 10 
to 15 per cent by weight of the complete unit. This 
‘must be insulated from itself and from adjacent struc- 
tures. Resin wire enamel in many designs provides 
this important function. 

When wire enamel or resin is applied as a solution, a 
suitable solvent must be found which can be applied 
to manufacture. Methods for maintaining a con- 
stant viscosity of this solution must be devised, as well 
as the mechanical arrangement to provide the necessary 
multiple coats of resins to cure at the proper tempera- 
ture between each dip. Similarly, when the resin is 
applied in the solventless form, suitable dies and pre- 
heaters must be used for the extrusion of the material 
on the moving wire. In either case, the final cure 
requires the use of the multipass oven having accurate 
temperature control with the temperature distribution 
peculiar to the type of work. That is application work, 
one vital chemical engineering function. 

A second major component in the effectiveness of a 
typical transformer is the cellulosic insulation in its 
variety of forms, used to separate metal conducting 
parts. The cylinder on which the wire is wound is 
composed of continuously wound paper, bound to- 
gether by suitable impregnants and adhesives.. Con- 
trol of these materials and the mechanics of the tube 
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rolling presents a challenge to the ingenuity of the 
chemical engineer, and typifies another major duty 
control. 

Modifications of the paper and adhesives, as well as 
the method of application, are resulting in a stronger 
cylinder, both electrically and chemically, and illus- 
trate his third function, development. In addition, 
insulation takes many other forms including insulating 
collars, spacers, channels, blocks and panels, to men- 
tion a few, all of which must be fabricated and con- 
trolled under the eye of the engineer. 

A third component, providing both insulation and 
mechanical strength, is the insulating varnish used for 
treatment of component parts and assembled units. 
The chemical engineer must know and recognize the 
distinct properties of each in order to be sure it fits the 
particular application. 

Maintenance of these insulating varnishes in good 
working condition presents a problem of considerable 
importance. Viscosity of the material must be main- 
tained within certain limits and its electrical properties 
must be held at a high level through proper periodic 
filtration. 


ws 


Installation for Control of Large Transformer Treating and Oil 
Deaeration. Panels Include Vacuum Controls, Temperature Recorder, 
and Power-Factor Bridge. 
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The fourth component in the manufacture of trans- 
formers is the dielectric liquid used for insulating and 
cooling. Included in this group are the highly refined 
mineral oils and the newer non-inflammable insulating 
liquids, known as askarels. As these materials are 
received they must be filtered before use to remove 
certain impurities, including water. In many cases, 
one or two or more components must be blended and 
mixed to provide the necessary properties. In many 
types of units, the dielectric used must also be entirely 
free of air. °‘ This deaeration process reduces the air 
content from 6 to 8 per cent to less than !/2 per cent. 
The quantity of the deaeration must be kept uniform 
and high. 

An even more important phase of the work of the 
chemical engineer in transformer manufacture is the 
processing of assembled finished transformers. The 
insulated wire is first wound about the cylinder. At 
this stage, some windings have but little mechanical 
strength and poor electrical strength. Both of these 
shortcomings are overcome by appropriate treatment. 
The low dielectric strength is due to the large per- 
centage of water present in the cellulose insulation, 
approximately 8 per cent of the weight of cellulose. 

This water may be removed by a number of methods. 
The quickest and most effective method is that of 
applying heat to the unit while under vacuum. By 
proper chemical engineering design, this process has 
been shortened and improved by using the vacuum bake 
tank. This provides rapid heating of the units through 
good air circulation, followed by removal of the ab- 
sorbed water by the application of high vacuum. The 
whole process results in the removal of practically all 
of the absorbed moisture with the appropriate shrinkage 
of the cellulosic parts. To provide the necessary 
mechanical strength to withstand the tremendous short 
circuit forces, strength must be added to the coil in 
many transformers. This is done by immersing the 
whole assembly into suitable insulating varnishes, which 
when cured, give it high mechanical strength. 

Following varnish treatment, these separate coils of 
wire are assembled and mounted on suitable laminated 
iron cores. In spite of its varnish processing, the in- 
sulation, during this period of handling, lasting from 
one to ten weeks, absorbs from the air approximately 
six to eight per cent of its weight of water. This water 
constitutes a real threat to the electrical strength of the 
finished transformer and must be completely removed. 

Chemical engineers developed the most efficient 
method thus far, the combination of hot air baking 
and high vacuum. This process has resulted in the use 
of high velocity air which cuts down the skin resistance 
of the insulation to heating and results in a much shorter 
heating-up time. By the application of high vacuum 
to these hot units the process of diffusion of water from 
the cellulose is speeded. 


JOURNAL OF CHEMICAL EDUCATION 





Fractionating Column for Separation of Products of Resin Dielectric 
Synthesis. 

When final drying has been completed the unit is free 
of both moisture and air, and the appropriate dielectric 
fluid is run into the treating tank to completely im- 
merse the coils. This provides a temporary barrier to 
the absorption of water and allows the units to be 
handled before dropping into their own enclosures. 

The part the chemical engineer plays in the develop- 


ment of new methods and products is particularly’ 


important. To help him, pilot plant equipment, 
resembling its counterpart in the factory, permits the 
study of the progress of drying at close range under 
laboratory-supervised conditions. With these plants, 
for example, new wire enamels are constantly being 
sought to widen the temperature range in which the 
transformers can operate and provide greater electrical 
insulation for smaller thicknesses of materials. 

But whether it be in the development, application, 
or control phases, the contributions of the chemical 
engineer are many and varied. The application of 
chemical engineer principles to many of the problems 
of electrical manufacturing has helped to supplement 
the specialized knowledge of the electrical engineer in 
processes involving physical and chemical changes, 
both in the application of basic chemical knowledge 
and in engineering design. Working together, the 
electrical-chemical engineering team has produced 
transformers and other apparatus with continuous 
improvement in operating performance. 
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T ue increasing interest in colloid science and the 
realization that this branch of chemistry is gaining in 
importance in biology, medicine, ceramics, photog- 
raphy, and many more branches of science and tech- 
nology, may no longer be overlooked. It therefore 
seems advisable to collect the most important and 
most accepted nomenclature pertaining to colloid chem- 
istry and to offer a simple definition for every term, so 
that those not specialized in colloid chemistry may use 
this list for their own writings, or when studying 
original colloid chemical literature. The most accepted 
terms will be listed alphabetically. Less common, but 
synonymous nomenclatures will be listed with refer- 
ence to the now more accepted terminology, in the 
alphabetical sequence. 

Absorption: If the substance adsorbed (see adsorp- 
tion) at the interface does not remain there but enters 
into the adsorbent, one speaks of absorption. Absorp 
tion is a volume-increasing imbibition or binding, in 
contrast to adsorption. 

Adsorbendum: The substance taken up by adsorption 
(see adsorption). The dissolved substances are taken 
up in various concentrations in which the solvent plays 
an important part. Surface inactive substances in 
organic solvents are poorly adsorbed, whereas surface 
active substances are well adsorbed. * 

Adsorbent: 'The substance on which another sub- 
stance is adsorbed. The activity of an adsorbent de- 
pends primarily on its surface development and com- 
position. The adsorption capacity is, in general, more 
pronounced with an amorphous adsorbent than with a 
crystalline one. 

Adsorbentia, hydrophilic: Substances which preferen- 
tially adsorb water, as, for example, silica gels and 
colloidal metal hydroxides. 

Adsorbentia, hydrophobic: Water-repelling adsor- 
bents, as, for example, activated carbon. 

Adsorption: An increase in concentration of a sub- 
stance at an interface. The substance to be adsorbed 
can be of molecular, colloidal, or coarse dispersion. 
For the degree of adsorption, the dimensions of the 
interface are of predominant importance. 

Adsorption, negative: This occurs when the concen- 
tration of the substance to be adsorbed is less in the 
interface than in the bulk of the solution. This is 


specifically the case when dealing with adsorption from 
solutions in which the solvent itself is strongly adsorbed. 

Adsorption, oriented: According to the theory postu- 
lated by Hardy, Langmuir, and Harkins, urtsym- 
metrical molecules will, if adsorbed in an interface, 
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orient themselves in such a fashion that the active 
groups face that phase to which they have the greater 
affinity. 

Aerodispersoid: Substance, the dispersion medium of 
which is a gas. 

Aerosol: Substance, the dispersion medium of which 
is a gas. 

Alcogel: A gel obtained from an alcosol, its disper- 
sion medium being alcohol. 

Alcosol: A disperse system the disperse phase of 
which is of colloidal dimensions and the ‘dispersion 
medium is alcohol. 

Amicron: Particle of a disperse system of such 
dimensions that it is not even visible in an ultramicro- 
scope. 

Anisotropy of colloids: Refers to colloidal systems, 
the disperse phases of which show anisotropic particles. 

Aurum potabile: A gold sol obtained by a reduction 
reaction of a gold chloride solution (see gold sol). 

Azimuth stop: A stop introduced into the ultramicro- 
scope condenser which permits the light to enter the 
preparation only in certain regions, so that the particles 
of a colloidal sol are illuminated only if they lie per- 
pendicular to the incoming beam of light. Used to 
ascertain particle shape. 

Brownian motion: The irregular movement of dis- 
persed colloidal particles caused by impacts of the 
molecules on the dispersed particles. 

Capillary condensation: Condensation of vapor on 
the surface of a wettable adsorbent (activated carbon, 
silica gel). 

Capillaa y-inactive:. See surface-inactive. 

Coacervation: Coagulation of lyophilic colloids by 
causing demixing of two liquids insoluble in each other 
(gelatin in water at 50°C. or gelatin td which alcohol is 
added). 

Coagel: A gelatinous precipitate obtained from a sol 
by coagulation. 

Coagulation: The change of a colloidal sol into a 
coarsely dispersed system. The ultramicrons aggre- 
gate to form larger particles until they finally become 
visible as flocks and settle out. 

Coagulation, causes of: Addition of electrolytes or 
desolvatizing agents; freezing or boiling; removal by 
dialysis of electrolytes needed for stability; by me- 
chanical means. 

Coagulation of lyophilic sols: In contrast to lyophobic 
sols, lyophilic sols can be coagulated only by high con- 
centrations of electrolyte or dehydrating agents. 

Coagulation of lyophobic sols: Decrease of the elec- 
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trokinetic potential by the addition of appropriate 
types and concentrations of electolytes (see Hardy- 
Schulze rule) until the sol separates and the disperse 
phase settles out. The sediment is generally termed a 
precipitate, although there is some tendency to avoid 
the general use of the term. 

Colloidal dispersion: A disperse system, the particles 
of the disperse phase ranging in dimensions between 
1000 and 20 mu. 

Colloid mill: Mechanical equipment which permits 
the disintegration of coarse matter into the colloidal 
range of dimensions. The percentage of matter in the 
colloidal range of dimensions recovered after milling 
will depend on the composition of the substance to be 
ground and the construction of the mill. It is never 
possible to obtain only particles within the colloidal 
range of dimensions. 

Colloids: Substances which exhibit colloidal pheno- 
mena. The term “colloid” does not refer to the proper- 
ties of specific substances but to a specific state of mat- 
ter. 

Condensation methods: Methods which permit the 
aggregation of matter present in true solution or in 
gaseous form into the colloidal range of dimensions 
(reduction of solubility, chemical precipitation). 

Creaming: A reaction used to cause separation of a 
disperse phase of a colloidal sol by introducing a protec- 
tive colloid which, by adsorption, will cause the colloidal 
particles to concentrate in the surface or at the bottom 
of the system, depending on their specific gravity (used, 
for example, for the concentration of natural and syn- 
thetic rubber lattices. Ore flotation is also based on 
this phenomenon). 

Cryogel: Colloidal dispersions obtained by rapid 
freezing of supersaturated solutions. 

Cryosol: A colloid-disperse system which is stable 
only at low temperatures (colloidal ice in benzol). 

Dehydration: Withdrawal of water from a solvatized 
colloid by the introduction of water-removing sub- 
stances like salts, alcohols, etc. 

Desolvation: Removal of the solvating liquid from a 
colloid. 

Dialysis: Passage of a substance, present in dis- 
solved state, through a membrane into the solvent. 

Dialyzer: Instrument for accomplishing dialysis. 

Dialyzing membrane: A membrane used to perform 
dialysis; for example, parchment paper, cellophane, 
fish bladders. 

Difform systems; Systems characterized by having 
one or two of their dimensions developed more pro- 
nouncedly than the third; for example, threads are 
termed fibrillar difform, films are classified as laminar 
difform. 

Diffuse double layer (Gouy): The diffuse double 
layer is the location of the electric charges of colloids. 
It extends from the surface of the colloidal particle into 
the dispersion medium. 

Dilatancy: The phenomenon of dilatancy is the exact 
reverse of thixotropy. A system is called dilatant if it 
will set to a solid upon agitation, pressure, or rapid 
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(Wet sea sand when trodden upon will be 


















































expansion. 

quite dry, starch pastes will crumble when rapidly cl 
agitated and so will kaolin pastes. Certain silicone 

resins known as “bouncing putty” will become dry th 
when rapidly expanded or subjected to agitation, but 

return to their fluid condition when at rest.) m 

Disperse system: A disperse system is composed of D 
the dispersion medium, which is the co.atinuous phase, W: 
and the disperse phase, which is the discontinuous. 

Dispersion, chemical: The change of a precipitate ch 
into a sol either by washing out excessive electrolytes er 
or by adding an appropriate electrolyte. wi 

Dispersion, electrical: Forming a colloidal sol of a em 
conductive substance by passing an electric current ch: 
between two electrodes. The electrodes are thereby for 
dispersed into the colloidal range of dimensions. by 

Dispersion, mechanical: Subdividing coarse matter 
into a colloidal dispersion by mechanical means, as, for wh 
example, by the use of a colloid mill. j 

Dispersion, degree of: Average diameter of particles val 
composing the disperse phase of a dispersion. int 

Dispersion medium: The continuous phase of a dis- rub 
persion. I 

Dispersion methods: See dispersion. ¢ 

Dissolution: The change of a colloidal sol into a sior 
molecular disperse or true solution. soli 

Donnan equilibrium: The distribution of an elec- stre 
trolyte present in a sol when this is in contact with the reac 
pure electrolyte through a membrane which does not diffe 
permit the passage of particles of colloidal size. liqu 

Double refraction of colloids: A phenomenon exhibited G 
by colloidal sols and gels. Pronounced with sols com- G 
posed of anisometric particles when they are caused to incr 
flow or if orientation is obtained by imposing a mag- Ge 
netic or electric field. an i 

Electrocratic sol: Sols which owe their stability to gani 
their electric charge and which can be destabilized by Ge 
the addition of electrolytes. collo 

Electrodecantation: When electrodialyzing a colloidal Ge 
sol, the system separates into two layers, one of them gold 
being free of colloidal matter. The top layer, free of He 
colloids, is formed on the membrane and rises due to its the a 
lower specific gravity. This phenomenon is used for the d 
the concentration of sols. ing ic 

Electrodialysis: Dialysis combined with electro- of K, 
phoresis. Used for the purpose of speeding up stand- He 
ard dialysis. the 

Electrokinetic potential (zeta potential): The potential charg 
between the liquid layer adsorbed on the colloidal par- § persi« 
ticle and the dispersion medium. theor 

Electroosmosis: Movement of the dispersion medium Ho 
out of a coherent plug of sand, clay, cotton, ete., by the § neutr 
application of an electric field. Fo 

Electrophoresis: Movement of colloidal particles ina § in ine 
sol, caused by an electric field. In. 

Electroviscous effect: Increase of the viscosity of an Alk 
electrically charged sol by the effect of the charged par- Hy 
ticles on the surrounding dispersion medium. partic 

Electroultrafiltration: A method consisting of placing Hy 
electrodes outside the membrane, between which has § water. 


JULY, 1948 


been deposited the sol to be filtered. Then an electric 


current is passed through the system. 

Emulsifiers (emulgators): Substances which facilitate 
the formation of stable emulsions. 

Emulsion: A disperse system consisting of two im- 
miscible liquids, one being dispersed in the other. 
Distinction is made between water-in-oil and oil-in- 
water types of emulsion. 

Emulsion reversion. An oil-in-water emulsion can be 
changed to a. water-in-oil emulsion by changing the 
emulsifying agent used. For example, if one is dealing 
with an oil-in-water emulsion with sodium oleate as 
emulsifier, the addition of calcium chloride will cause a 
change into a water-in-oil emulsion, because the 
formed calcium oleate will be preferentially adsorbed 
by the oil phase. 

Emulsoid: <A colloidal system the disperse phase of 
which is a liquid of colloidal dimensions. 

Eucolloid: Colloids which by the action of primary 
valences have reached colloidal dimensions. When put 
into solution, they form colloidal systems. Gelatin, 
rubber, albumen, are typical examples. 

Flocculation: See coagulation. 

Gel: Disperse systems of varying degrees of disper- 
sion which exhibit physical properties corresponding to 
solid bodies when subjected to sudden impacts or 
stretch, but resemble a liquid of high viscosity if this 
reaction is time-consuming (elasticity of gels). One can 
differentiate between gels of the following composition: 
liquid/liquid; solid/liquid; liquid/solid, etc. 

Gelation: The formation of a gel from a sol. 

Gels, nonswelling: Gels which imbibe liquid without 
increase of volume (silica gel). 

Gels, swelling: Gels which when imbibing liquid show 
an increase in volume (gelatin in water, rubber in or- 
ganic solvents). 

Gold sol: A dispersion of elementary gold particles of 
colloidal dimensions in water. 

Gold-ruby glass: A colloidal dispersion of elementary 
gold in glass (this was famous in alchemistic days). 

Hardy-Schulze rule: <A colloidal sol is precipitated by 
the addition of ions carrying a charge opposite to that of 
the disperse phase. The effectiveness of the precipitat- 
ing ion increases with its valency. The ratio of chloride 
of K, Ca, and Al is 1 to 100 to 1000. 

Helmholtz double layer: This concept assumed that 
the double layer is composed of the actual surface 
charge of the colloidal particle surrounded in the dis- 
persion medium by ions of opposite charge. (This 
theory is outmoded. See diffuse double layer.) 

Hofmeister’s ionic series: The coagulation ability of 
neutral salts on lyophilic sols follows this series. 

For acid sols: nitrates, chlorides, acetates, sulfates— 
in increasing efficiency. 

In alkaline solutions, the series is reversed. 

Alkali cations show this series: Li, Cs, Na, Rb, K. 

Hydration: Adsorption of the water on a colloidal 
particle. 

Hydrogel: 
water. 


‘ 
A gel the dispersion medium of which is 
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Hydrophilic sol: A sol the disperse part of which 
adsorbs water. 

Hydrophobic sol: A sol the disperse phase of which 
has no affinity for water. 

Hydrosol: A liquid colloidal system having water as 
the dispersion medium. 

Jelly: A term frequently used synonymously with 
the term “gel.’”’ To be specific, the term jelly should 
only be used for transparent, elastic substances like 
gelatin. Flocked precipitates or gelatinous precipitates 
should be termed gels. 

Laminar systems: See difform systems. 

Lyogel: Gel obtained by cooling a solvatized sol. 

Lyophilic colloid: A colloid the disperse phase of 
which has a great affinity for the dispersion medium. 

Lyophobie colloid: A colloid the disperse phase of 
which has no affinity for the dispersion medium. 

Lyosorption: The adsorption of the dispersion 
medium when it wets the dispersed phase. The so- 
formed liquid layer is known as the lyosphere. 

Membrane equilibrium: See Donnan equilibrium. 

Micelle: The actual colloidal particle plus the firmly 
attached layer of the dispersion medium containing the 
ions which compose the diffuse electric double layer. 

Monodisperse sol: Sol in which the disperse phase is 
composed only of particles of practically uniform dimen- 
sions. 

Organogel: A gel of such colloids as have an organic 
dispersion medium. 

Organosol: A colloid-disperse system, the dispersion 
medium being an organic solution. 

Peptization: The change of a precipitate of an elec- 
trocratic colloid into a sol by the addition of electrolytes 
which will increase the electrokinetic potential; or the 
change of a gel of a lyocratic colloid into a sol by the 
addition of the appropriate dispersion medium. 

Precipitate: The addition of an electrolyte to an elec- 
trocratic sol causes its destabilization and results in the 
disperse phase settling out in the form of noncoherent 
aggregates of particles. (See coagulation of lyophobiec 
sols.) 

Precipitation: The reaction causing the formation of a 
precipitate. 

Protective colloids: Lyophillic colloids which protect 
lyophobic sols from coagulation. 

Rheopexy: The reverse of thixotropy. A colloidal sol 
can be set to a gel by rhythmic tapping or swinging, but 
will liquefy as soon as such movement is stopped. 

Salting out: Coagulation of hydrophilic sols by the 
use of high salt concentrations (see coagulation). 

Slit ultramicroscope: A microscope the illumination of 
which enters the preparation at a right angle through a 
fine slit. 

Solvation: The adsorption of liquids by all colloids 
which are characterized by high viscosity and great 
stability toward electrolytes. 

Solvatized sol: Sols which exhibit a strong adsorption 
of dispersion medium on the disperse phase. 

Spumoids: Foams, 7. e., disperse systems of a gas/ 
liquid composition. 
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Stalagmometer: Instrument used to determine sur- 
face tension by counting the drops formed from a 
specified volume (developed by I. Traube). 

Stream double refraction: Double refraction caused 
by the parallel orientation of fibrillar or laminar shaped 
colloidal particles. This can be accomplished by caus- 
ing a sol containing such particles to flow in one direc- 
tion. This technique has already been successfully 
applied with clay dispersions in the study of flow. 

Surface-active: Substances which reduce the surface 
tension of the medium in which they are dissolved (sur- 
face positive). 

Surface-inactive: Substances which increase the sur- 
face tension of the medium in which they are dissolved 
(surface negative). 

Suspensions: Systems composed of a liquid disper- 
sion medium and a solid disperse phase with particle 
sizes above 0.2u. 

Suspensoids: Disperse systems composed of a liquid 
dispersion medium and a solid disperse phase, the 
particles being of colloidal dimensions. 

Syneresis: The expulsion of liquid from a gel during 
aging, with resulting contraction. 

Tactoid: Location of parallel aligned, nonspherical 
particles of a colloidal tactosol. 

Tactosol: Sol with nonspherical particles, in which 
aging has caused parallel orientation in zones of high 


concentrations. 
Thixotropy: Transformation of gelatinous colloidal 


IMPLEMENTING its scientific research and development pro- 
gram both geographically and in new fields of endeavor, the Navy 
Department is currently expanding three comparatively new, per- 
manent laboratories in California. Heretofore, the Navy De- 
partment’s scientific centers have been concentrated in the east 
and eastern seaboard areas. 

Two of the laboratories have been established as the logical out- 
growth of programs carried on by universities during the war. 
The Naval Ordnance Test Station, China Lake (formerly In- 
yokern, California), 160 miles from Los Angeles, was originally 
an activity of the California Institute of Technology. Its present 
program involves research, development, and test work with 
ordnance equipment and explosives. The Navy Electronics 
Laboratory at San Diego, California, is the outgrowth of work 
done by the University of California. It is concerned with re- 
search, testing, and development of electronic control devices, 
detection equipment, instrumentation equipment, and training 
aids. The Naval Air Missile Test Center at Point Mugu on the 
coast of California, 60 miles north of Los Angeles, was established 
when the need for an installation became apparent as the result of 
the Navy Department’s activities on guided missiles. The Test 
Center’s activities are concerned with flight and laboratory test- 
ing and evaluation of guided missiles and their components. 

Each of the establishments has current need for qualified per- 
sonnel in a variety of scientific fields to staff its laboratories. 
Recently completed at the Naval Ordnance Test Station is 
Michelson Laboratory at a cost of $6,000,000. Many more 
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systems into sols by shaking or stirring. When the 
movement is stopped, the system reverts to a gel. 

Twinkling phenomenon of colloids: Twinkling effect 
exhibited by nonspherical colloidal particles in the slit 
ultramicroscope or in an ultramicroscope equipped with 
an azimuth stop. 

Tyndall phenomenon: If a beam of light is passed 
through a colloidal sol and observed perpendicularly to 
the direction of illumination, a diffuse cone of light be- 
comes observable. : 

Uliracentrifuge: A centrifuge which permits the 
separation of colloidal particles from the dispersion 
medium. 

Ultrafilter: Filter consisting of membranes which do 
not permit passage of colloidally sized particles, but 
only of fully ionized chemicals, or filters of such porosity 
that they permit stepwise fractionation of colloidal par- 
ticles of different size. 

Ultrafiltration: Filtration of colloidal solutions 
through ultrafilter membranes which permit passage of 
water and molecularly dispersed substances but not of 
colloids. 

Ultramicroscope: Microscope used to study colloidal 
sols by applying the Tyndall phenomenon for illumina- 
tion. 

Wetting: A solid surface can be completely, partially, 
or not at all wetted. The lower their surface tension 
the more readily will solutions cause wetting. 

Zeta potential: See electrokinetic potential. 





millions of dollars have been spent in equipment and facilities 
Additional construction and facilities are planned for both the 
Air Missile Center and the Electronics Laboratory. 

The work programs of the laboratories are planned, directed, 
and accomplished under the direction of an outstanding staff of 
civilian scientists. Extensive use is made of the council method 
of operation. Constant liasion is maintained with other research 
organizations, universities, scientific associations, and outstand- 
ing authorities throughout the nation. 

Professional positions are in the career service of the Federal 
government under Civil Service laws. Examinations are now 
open in the three scientific establishments in the following pro- 
fessional fields: chemist, mathematician, metallurgist, meteorolo- 
gist, physicist, statistician, scientific research administrator, and 
scientific staff assistant. 

Examinations are also’open in the following branches of the 
engineering profession: aeronautical, chemical, civil, electrical, 
electronics, general, industrial, material, mechanical, metallurgi- 
cal, ordnance, safety, and structural. 

Salaries for most of the positions range from $3397 to $9975 per 
annum. Salaries are predicated on the level of ability, knowl- 
edge, and experience required to effectively discharge the duties 
of a specific position. 

Further information may be obtained from the Navy Depart- 
ment Joint Board of U. 8S. Civil Service Examiners, 1030 East 
Green Street, Pasadena 1, California. 
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A NEW CRYSTAL MODEL CONSTRUCTION SET 


Tne instructor of inorganic chemistry who wishes 
to emphasize structure has been handicapped by the 
lack of a erystal model set. The author has developed 
a versatile crystal model building set from a child’s 
construction toy, aptly called Molly Kewls. 

The set is made of rubber balls and cellulose acetate 
tubes. The balls are of two types. Each ball has six 
molded holes octahedrally placed. The other type of 
ball has been prepared by drilling holes in the molded 
balls to obtain another geometrical arrangement. 
This type has fourteen holes—six octahedrally arranged 
and two sets of tetrahedrally arranged holes. The 
balls are red, blue, or yellow. The cellulose acetate 
rods are the same color. Straight pieces are cut to any 
desired length by scoring with a knife and breaking. 
Curved pieces are used to form double bonds and illus- 
trate Werner complexes. Odd-angled bonds are formed 
by bending the rods in hot water. 

According to the Hume-Rothery classification twenty- 
one of the elements crystallize in one of three lattices; 
the hexagonal close packed, cubic close packed, and 


Figure 1. Cubic Closed Packed Lattice Showing Hexagonal Close 
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Packed Layer 
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Figure 2. Fluorite Type Lattice 


the body centered cube. One of these is illustrated 
in Figure 1. Construction is facilitated since one of 
the holes passes completely through the ball. 

The two types of alloys may be shown with these 


‘ 
' 


Figure 3. Mirror Images 


same models. A small marble or bead placed in the 
spaces between the balls will illustrate the interstitial 
type. Replacement of some of the balls in the lattice 





Figure 4. Phosphorous Pentoxide (P,O;0) Molecule 


with balls of another color will illustrate substitutional 
type. 

Figure 2 represents the fluorite type crystal. The 
unit cell is outlined in dark tubing with the bonds in 
light tubing. 

Figure 3 shows a pair of mirror images of a Werner 
eomplex ion, cobaltic dichloro-diethylenediamine ion. 
The central ball represents the cobalt, the two light 
balls the chlorine, and the balls connected by the dark 
ares represent the ethylenediamine molecule. Rota- 
tion of these models show that they are not super- 
imposable. 

Inorganic molecules such as phosphorus, phosphorus 
trioxide, and phosphorus pentoxide (Figure 4) clearly 
illustrate the molecular nature of these substances in 
the vapor phase and their proper molecular formulas. 

The spatial arrangement of atoms in simple organic 
compounds may be shown. The models have free 
rotation about single bonds. The ring structure of 
benzene is shown in Figure 5. 

The construction of a model of a strained cyclic 
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Figure 5. Benzene 


compound shows that the geometry of the molecule is 
not such as to permit easy ring closure, The rubber 
construction of the balls allows the ring to be closed 
by the application of force (Figure 6). 

The assistance of Mr. Richard Hopkins in preparing 
the model set, and of Paul Bonhop, Inc., and Mr. 
Machinist in furnishing the prints is gratefully acknowl- 
edged. 


Figure 6. Strained Ring Formation 








Chemical Education in American Institutions 





THE JUNIOR COLLEGES 


Poputar demand for an upward extension of the high 
school to round out the general education of those not 
intending to go on to,the university was the chief factor 
leading to the development of the junior college. There 
was a strong feeling that such a school would develop 
qualities of leadership, thus proving a great asset to the 
community. To relieve the university of part of the 
first two years of work was originally a secondary aim, 
but it was pointed out that the junior college could give 
a student an opportunity to try himself in college work, 
and in more than one field if he desired, without great 
expense and while still living under the influence of his 
ownhome. He could be taught by instructors to whom 
teaching rather than research was a lifetime work. 
This has proved to be more satisfactory for many stu- 
dents than large university classes which are often 
taught by the lecture method and by beginners in teach- 
ing. It should be noted that some junior colleges have 
grown so large as to lose part of this advantage. These 
benefits of the junior college apply to chemistry as 
much as to the other subjects taught there. 

William Rainey Harper, the first president of the 
University of Chicago, has been called the father of the 
junior college movement which developed first in the 
area under his influence. The Lewis Institute and the 
Bradley Polytechnic Institute, both private schools, 
were founded in 1896, and the first public junior college 
was founded in. Joliet, Illinios, in 1901. Soon the junior 
college had become the fastest growing unit in American 
education with its most rapid development coming 
after 1915. Today there are 650 junior colleges, rang- 
ing in size from fifty to over eight thousand students 
and with a total enrollment around 300,000. California, 
Texas, and Illinois lead in the size of their junior college 
enrollments. Only half of our junior colleges are pub- 
licly controlled, but these enroll about 75 per cent of the 
students. In California these public schools are tuition 
free to residents of the state. In many of them outside 
California a small tuition fee is charged. 

In order to find out what is being done in chemistry 
since the war a number of junior colleges were asked to 
send information on their present programs to the au- 
thor for this study. While this is a small sampling in- 
cluding only eleven schools, it is thought that the find- 
ings are fairly typical of the chemical training in‘junior 
colleges as a whole. 


ROBERT D. ROWE 
San Diego State College, San Diego, California 


While a demand for a school which would round out 
the education of those not going on to the university 
had been a large factor in the founding of many junior 
colleges, nevertheless in the majority of cases the first 
curriculum set up largely duplicated the first two years 
of college work. This was particularly true in chem- 
istry. Thus almost all junior colleges give a course 
which is the equivalent of freshman chemistry at any 
college. Most of them also offer standard courses in 
organic chemistry and quantitative analysis, but this is 
not universally true. To meet the aim of rounding out 
the education of the students who are not going to be 
chemists a general course is often given which is more 
descriptive in nature with less individual laborotory 
work and more group demonstration. Texarkana and 
Kilgore Colleges in Texas offer such a course which is 
intended to be largely of cultural value. Such courses 
are now being taken up by some universities, notably 
the University of California at Los Angeles. Many 
junior colleges also give pre-professional courses in- 
tended for nurses, occupational and physical therapists, 
technicians, plant scientists, and other special groups. 

As public junior colleges usyally have to accept any 
high-school graduate who comes to them and, since the 
war, have accepted some veterans who do not have high- 
school diplomas, it often requires very expert teaching 
to train adequately those who are capable of doing uni- 
versity work, while at the same time giving something 
of value to those who are not so capable or who do not 
plan to goon. In the larger schools preliminary place- 
ment examinations are often given in,an effort to sepa- 
rate the two groups into different sectionsorintoentirely 
different courses. Compared with the four-year insti- 
tutions, the junior colleges probably have a larger per- 
centage of students who are potentially capable of ad- 
vanced work but who have not done well in high school 
because of emotional difficulties or because of a lack of 
basic skills such as common arithmetic. It is these 
students who benefit particularly from the type of 
teaching found in the junior college. 

It has been shown that junior college students trans- 
ferring to colleges and universities do very well, after the 
initial period of adjustment to the new school. Eells' 





1Eeitts, Water C., Chapter 12, “The Junior College,” 
(Witu1aM M. Proctor, Ed.), Stanford University Press, 1927. 
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found that junior college transfers admitted to Stan- 
ford University had higher Thorndike Intelligence Test 
scores than native Stanford students, that they did 
almost as well scholastically in their junior year, and 
that more than a proportionate share of them were 
graduated with distinction. 

Both the Chicago City Junior College and the Los 
Angeles City College report that only 25 to 50 per cent 
of their chemistry students go on to the university, 
showing that much of the work of these schools is really 
terminal in nature. In Chicago 25 per cent of all the 
chemistry students become chemical technicians after a 
course of study including general chemistry (with 
qualitative analysis as the laboratory work of the second 
semester), a semester of organic chemistry, and a se- 
mester of quantitative analysis. Thisis the same course 
of study taken by those who plan to continue in college. 
The Chicago City Junior College also offers courses in 
photography, chemistry of materials, and special 
methods of analysis, as well as a survey course in physi- 
cal science. In the Chicago area these technicians 
start work at initial salaries only about ten dollars a week 
less than those who have the B.S. degree in chemistry, 
though the spread between the salaries of the two groups 
will be somewhat greater after a few years. In Chicago 


most of the rest of the chemistry students go into lines 
of work not directly related to their chemical training. 

The pressure of California’s very rapid growth in 
population has developed a need for more four-year 


institutions to relieve the State University and to pro- 
vide this education while the student lives at home. 
The Los Angeles City College was until this year a 
typical large junior college, but it is now in a state of 
transition, functioning in the 1947-48 academic year for 
the first time as a four-year college, a part of the Cali- 
fornia State College system. A similar change is taking 
place at the Sacramento City College and has been pro- 
posed for several others in the state. Los Angeles City 
College gives many courses in the evening—its so-called 
Twilight Session. These include both lecture courses 
and laboratory courses, such as organic chemistry. It 
has for a long time offered a five-unit general, applied 
chemistry course designed primarily for pre-nursing 
students, in addition to the usual freshman and sopho- 
more college chemistry courses. 

The San Angelo College in Texas is typical of the 
rapid expansion many junior colleges are undergoing. 
It moved this year to a completely new physical plant, 
and new departments are being added, including a new 
agricultural curriculum. San Angelo College gives a 
junior college diploma to nurses graduating from the 
Shannon Memorial School of Nursing who have taken 
thirty-three hours of work at the college. Such special 
departments all send students to the chemistry courses, 
increasing not only the volume of the classes but adding 
new interests and often creating a demand for special- 
ized courses. 

Pioneer work in a two-year agricultural curriculum 
was done at the Chaffee Junior College in Ontario, 
California, more than twenty years ago. Among the 
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schools offering this type of work now, the Kilgore 
College in Texas offers a varied agricultural course of 
which chemistry is a part. 

Setting up a pattern quite its own is the San Diego 
Junior College in California which has been influenced 
by the fact that the city also contains a State College. 
This lessens the need for giving lower-division college 
work, which is done to a limited extent only in the night 
school division. The new Applied Arts and Science 
Center (day school) offers at present a general survey 
course of inorganic and organic chemistry which em- 
phasizes the scientific method and the role of science in 
society. The best students do individual library and 
laboratory work, while a special effort also is made to 
help potentially capable students who have special 
problems. The school considers itself primarily re- 
sponsible for fitting all its students for life in the com- 
munity rather than training just a few for further work 
in some university. 

The development of special courses to meet particular 
local needs is a subject in itself. This may involve only 
chemistry, but more often it brings several departments 
together. The first step is an investigation of the par- 
ticular industry and an analysis of the theoretical ma- 
terial essential to understanding the work to be done in 
the laboratory. As an example, Morgan and Hibbard? 
discuss the development of a training program leading 
to work as a supervisor for electroplating rooms. 

So far only public junior colleges have been discussed. 
One quarter of the junior college students are enrolled 
in private schools, however. These range in character 
from purely secretarial: or business schools to some- 
what exclusive boarding schools. The range of their 
course offerings is equally broad. Colby Junior College 
in New London, New Hampshire, is an outgrowth of an 
old New England academy, founded in 1837 by Susan 
Colby, which in 1928 tranformed itself from a coeduca- 
tional high school to a junior college for young women. 
Although the original building is still standing in New 
London, the college occupies an attractive new campus. 
Its students in 1947 came from twenty-four states, the 
District of Columbia, and three foreign countries. 
Colby offers a strong chemistry program as a part of its 
course for medical technicians. General chemistry and 
organic chemistry are standard college courses, but 
quantitative analysis is designed especially for medical 
technicians and medical secretaries. Colby also gives a 
chemistry review course for students planning to be- 
come medical secretaries. The currriculum for medical 
technicians is especially interesting. It is a three-year 
course of study which with a fourth year in an approved 
training school for medical technologists prepares for 
the examination given by the Board of Registry of the 
American Society of Clinical Pathologists. To gradu- 
ates of this curriculum who have successfully com- 
pleted one year in an approved hospital laboratory, 
Colby Junior College gives a B.S. degree. 

Junior colleges probably differ as widely in what 





2 Morean, Roy E., anp Water R. Hrsparp, JR., Junior 
College Journal, XVII, No. 3, 92-100 (Nov., 1946). 
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might be called their personalities as they do in their 
course offerings. A few, like Colby, are very old insti- 
tutions with many traditions. Most of them how- 
ever, are not more than twenty years old, and, indeed, 
new junior colleges are still being established. Often 
these use parts of the high-school buildings in their 
early days. This creates many problems of morale as 
well as of use of equipment, and it is a happy day when 
the junior college moves to its own campus. Many 
schools are influenced by adjacent universities in one 
way or another. The San Antonio Junior College was 
under the direction of the University of Texas during 
its first year and has continued to feel its influence 
strongly. The chemistry textbooks have in general 
been those used in Austin, and the instructors have for 
the most part received their training in the chemistry 
department of the University of Texas. Several of 
their students have received assistantships at the Uni- 
versity. 

In California there was previously a law permitting 
junior colleges to affiliate with the University of Cali- 
fornia. Under this agreement all’ collegiate courses 
and the qualifications of faculty members were subject 
to the approval of inspectors sent out by the university. 
This proved to be of little advantage, to either the junior 
colleges or the University, and the plan has been aban- 
doned. However, most junior colleges in the state pre- 
pare their students in chemistry for transfer to the Uni- 
versity of California. An exception to this is the Menlo 
Junior College, a private institution for young men, 
which has always pointed its students for entrance into 
neighboring Stanford University. 

Since the war the junior college finds that it is called 
upon to train increasingly large numbers of students 
who plan to transfer to the universities, for its enroll- 
ment is as swollen as that of other units of our edu- 
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cational system. Not being bound completely by the 
university tradition, a junior college teacher is some- 
what freer to experiment with course content and teach- 
ing methods. One such trial made at the Wright 
Branch of the Chicago City Junior Colleges was re- 
ported before the Division of Chemical Education of the 
American Chemical Society in 1940 by W. E. Morrell 
and N. D. Cheronis. They made an effort to eliminate 
from the freshman chemistry course repetition of ma- 
terial with which the student was already familiar from 
his high-school course and to permit the unusually 
talented student to progress as fast as he could. For 
a selected group of students it was found that eliminat- 
ing repetition saved the good pupil from boredom, and 
time was found to teach some work in quantitative 
analysis along with the qualitative analysis. This ex- 
periment is continuing to develop. 

The junior college finds also more demand for chem- 
istry for the student seeking a general education, and in 
this field chemistry teachers express themselves as 
being dissatisfied with the accomplishment so far. New 
ideas are constantly being given a trial. 

In the development of chemistry courses to meet 
special professional or subprofessional needs, the great- 
est progress has been in the fields for nurses and for 
laboratory technicians. 

The author wishes to acknowledge the help of Nicho- 
las D. Cheronis who sent much information on the 
Chicago City Junior Colleges, H. Leslie Sawyer of 
Colby Junior College, Imo P. Baughman of the Los 
Angeles City College, Robert Heilbron and Jack Sal- 
yers of the San Diego Junior College, W. P. Akin of the 
Texarkana College, and of a member of the San An- 
tonio Junior College faculty who wishes to remain un- 
named here, but who was most helpful in sending the 
catalogues of a number of Texas schools. 


NEW METHODS AS TEACHING AIDS' 


A METHOD of using visual aid in the teaching of elementary 
scientific subjects has elicited interest. No claim is made that 
there is anything actually new in the method demonstrated. 
However, it is felt that this method and the manner in which it 
is used represent a distinct advance in the difficult task of visuali- 
zation of scientific subjects. 

The materials consist of a board approximately the size of an 
average blackboard which is constructed in sections so that they 
can be disconnected and made portable. The face of the board 
is covered with a soft, black, woolen cloth which has been tightly 
stretched and is attached at the edges of the board. The sym- 
bols or pictures which illustrate the subject being discussed are 
drawn or painted on the surface of appropriately shaped pieces 
of cardboard. The back face of these cardboard pictures has 
zig-zagged strips of sandpaper pasted on its surface. 

The board is used very much in the same manner that an or- 





1 Reprinted by permission from the Transactions of the New 
York Academy of Sciences. 


AUSTIN JOYNER 
American Cyanamid Co., Pearl River, New York 


dinary blackboard would be used in a class demonstration or 
lecture. Symbols or pictures illustrating each point in the talk 
are placed on the board by pressing the sandpaper surface onto 
the cloth surface of the board with a slight downward motion. 
This allows the picture to remain in position as the sandpaper 
catches onto the cloth surface. 

The use of the board can be illustrated by using symbols 
and pictures which are designed to present such subjects as Im- 
munology, Nitrogen Balance, Nutritional Aspects of Folic Acid, 
and Atopic Allergy. Naturally, this kind of board can be used 
in a fully lighted room, so that the full personality of the speaker 
still remains in play. Also, simplicity of design, the advantages 
of color, and the shape of the symbols add to the possibility of 
retention by the audience. The board was originated by Mr. 
J. Hile and Mr. William Damroth, who have also interested 
themselves in the commercial production of numerous lecture 
illustrations. This method has been extremely successful in 
presenting complicated scientific subjects in a simplified form to 
large numbers of adults who have had little scientific training. 





ERRORS OF MEASUREMENT WITH 
THE SLIDE RULE 


Sropents in the physical sciences who have com- 
pleted their undergraduate work usually have a broad 
foundation in mathematics, physics, and chemistry. 
Courses in physics and chemistry rely heavily upon the 
experimental method in that they test in the laboratory 
as many of the theories and laws as time will permit. 
The student is frequently called upon in these courses to 
measure the evidence of certain phenomena quantita- 
tively. In many cases, the quantitative efficiency of a 
given method of procedure determines its relative value 
among other methods. 

In spite of the fact that the student is called upon to 

carry out many operations involving quantitative 
procedure, it is not always certain that he has stand- 
ards provided which enable him to measure his degree 
of perfection in that operation. The student’s under- 
standing of the standard may be entirely superficial and 
routine. Courses in physical chemistry! recognize these 
facts when they provide a discussion for the study of 
errors of measurement. The actual laboratory work, 
if any is provided, frequently consists in reading a ther- 
mometer or barometer or other simple instruments a 
large number of times and then examining the readings 
obtained. Such a simple and monotonous experiment 
is quite likely to create in the mind of the experimenter 
an antipathy for the experiment before it is hardly be- 
gun. 
In order to provide the student with an experiment 
which will offer him an opportunity to examine the de- 
gree of his own skill and at the same time provide him 
with an interesting device for doing so, the author pro- 
vided for his students in physical chemistry an experi- 
ment with the slide rule. This experiment has been em- 
ployed for several yéars and has been performed by ap- 
proximately 50 different students. Approximately 20 
per cent of this group at the time of experiment had al- 
ready attained some degree of facility with the rule. 
This situation introduced no difficulty, however, for 
those students who could already use the rule were re- 
quired to do a larger number or a greater variety of 
measurements. 

The standard experimental procedure consisted in 
carrying out five different calculations on a standard 
twelve-inch slide rule, two involving multiplication, 


1 DantELs, F., J. H. Matuews, anp J. W. Wiutams, “Ex- 
perimental Physical Chemistry,” McGraw-Hill Book Company, 
Inc., New York, 1941; Jaspsr, J. J., “Laboratory Methods of 
Physical Chemistry,’”’ Houghton Mifflin Co., Boston, Massachu- 
setts, 1938; Frinpiay, A., “Practical Physical Chemistry,” 
Longmans, Green and Co., New York, 1935. 
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two involving division, and one involving a combina- 
tion of multiplication and division. Multiplication and 
division problems were chosen not only because they 
provide a rudimentary but essential practice on the rule, 
but also because these operations are the ones most 
frequently encountered in physical chemistry. It was 
felt that inclusion of other manipulations in the exer- 
cise would confuse the beginner and allow him to lose 
sight of his general problem, the study of errors. For 
the same reason, the decimal] point was located after the 
first digit in each number, and the student could easily 
show by mental analysis that the decimal point would 
fall after the first digit in each of the answers. 
Multiplicands, multipliers, divisors, and the divi- 
dends were given with either three or four significant 
figures depending upon the portion of the slide rule on 
which the number occurred. In most cases, setting the 
cursor or index of the slide rule required that the stu- 
dent estimate the position on the rule for the last digit. 





Table 1 
Operation 


2.345 X 3.172 

1.200 X 4.350 X 0.891 
8.64 + 4.164 

(5.05 + 1.420) + 0.855 
oe + 2.699) xX 8.96] 








Multiplication 

Multiplication 

Division 

Division 

Multiplication and 
division 





In addition to computing the answers for each of the 
above problems a definite number of times (five usually 
were required), the student was also required to sub- 
mit a written report presenting briefly the theory 
of probabilities as it dealt with types of errors, pre- 
cision, accuracy, error measurement, significant figures, 
propagation of errors, and also to include a critical 
examination of the calculated results in the light of the 
theory. 

This exercise lent itself admirably to the execution of 
these studies. The absolute values of the operations 
can be determined easily by long multiplication and 
division. In contrast to this, absolute values in most 
physical measurements are not known and, conse- 
quently, a comparison between the measured and exact 
value cannot be made. In other words, in most 
physical measurements the precision can be measured 
but not the accuracy. In order to prevent any pre- 
conceived notions concerning the final value of a given 
computation influencing the student, the exact value 
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was not calculated until the computations had been 
completed on the rule. 

In order to illustrate the difference between deter- 
minant and indeterminant errors, different quality 
slide rules were employed. In addition to a modern, 
well-calibrated slide rule, a cheaper rule purchased at 
the variety store wasemployed. It was easy to demon- 
strate with the inferior rule the larger error incurred 
when an instrument is poorly calibrated. 

The error measurement calculations usually required 
were average deviation, mean square error, and prob- 
able error. The calculations of each error function 
were required for a single observation and for the mean 
of five calculations. Computed values were in good 
agreement with probability theory in that the accuracy 
of n determinations were +/n times greater than a single 
determination. 

As interesting as the theory itself was the analysis of 
the final results in relation to the utility of the slide 
rule. An analysis of a portion of the calculation for the 
eight students is given in Table 2 which includes only 
the probable error function. Since the other error 
functions measure essentially the same thing as the 
probable error, the inclusion of them in the above data is 
notessential. Referring to Table 2, the largest probable 
error column contains a selection of the largest probable 
error incurred by the eight students for each operation. 
In a like manner, the second column represents the 
smallest error incurred by the eight students for the 
stated operation. In all the data the probable error 
function was calculated to the base unity. The average 
probable error includes the largest and smallest probable 
error, and represents 40 calculations per operation and 
a total of 200 actual calculations for the exercise. 
The data do not include large errors of manipulation 
due to slipping of the index or cursor or to other 
mechanical trouble which the student became aware of 
as he carried out the calculation. 

Deviations were expressed as deviations from the 
mathematically correct value rather than from the 
mean of the five calculations. No selection was ex- 
ercised in the choice of the 8 students. In those cases 
where arithmetical errors were made in computing the 
error functions, these error functions were recalculated. 
All error functions were computed to the base unity 
and expressed to the fourth decimal. This is equiva- 
lent to expressing them as parts per 10,000. 

This was done at first with some hesitation since a 
twelve-inch slide rule is not usually considered a pre- 
cision instrument. However, an examination of the 
data presented in Table 2 shows satisfactory agree- 









































Probable Error of a Single Calculation Expressed as 
Part per Unity 


Table 2 





Largest Smallest Average 

probable probable probable 

Opera- error of error of error of 
tion eight eight eight 

no. students students students 

1 0.0038 0.0008 0.0013 

2 0.0015 0.0001 0.0005 

3 0.0062 0.0002 0.0018 

4 0.0012 0.0002 0.0004 

5 0.0070 0.0006 0.0025 

Average 0.0013 





Probable Error of the Mean of Five Calculations 


Expressed as Parts per Unity 





Largest Smallest Average 
probable probable probable 
Opera- error of error of error of 
tion eight eight eight 
no. students students students 
1 0.0017 0.0003 ; 
2 0.0007 <0.0001 0.0002 
3 0.0028 0.0001 0.0008 
4 0.0005 0.0001 0.0002 
5 0.0038 0.0003 0.0012 
Average 0.0006 








ment with theory. According to probability theory, 
the mean of five determinations should be 1/5 times 
more reliable than a single determination. The average 
probable error of a single observation for the 8 students 
for all five calculations was 0.0013. Dividing 0.0013 
by ~/n = 0.0013 + 5 = 0.0013 + 2.2 = 0.0006. 
This value agrees with the value obtained by averaging 
the mean probable error function for the 8 students for 
all five operations. 

Further inspection of Table 2 shows qualitative 
agreement with theory between the probable error of a 
single calculation and the probable error of the mean 
with the exception of the second operation in the 
column “smallest error.”” This indicates that out of 8 
students only one presented data which could not be 
interpreted quantitatively in all five operations. 

In conclusion, the use of the slide rule for the study 
of errors of measurement can be commended for the 
following reasons: The exercise can be made flexible to 
suit various students and the various lengths of labora- 
tory periods. It requires sufficient manipulative 
attention to challenge the student. Most important 
of all, it provides an exercise in which the purpose of 
error studies can be made clear and in which the dif- 
ferent aspects of the probability of errors can be ob- 
jectively studied. 









In the manufacture of pig iron the raw material used in greatest tonnage is air! 
takes about 41, tons of air per ton of pig iron produced ‘n the blast furnace. 
it has been estimated that 200,000 tons of air were used in the production of pig iron. 
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THE USE AND ABUSE OF REPRINTS 


Reprints are for reference, for information and for 
study, for publicity and ostentation, for friendship and 
for treasuring up in special collections. To the author 
their value is one thing, to the recipient another if he 
has asked for them, still another if he receives them with- 
out request or expectation. And again, a young and 
ambitious author uses them differently from one who is 
wiser and more experienced. 

When a chemist applies for a job, he is usually asked 
concerning his qualifications, if he has published papers, 
to submit a list of them. If he sends actual reprints 
along with the list, then his chances are so much the 
better. 

An advanced student or young professor who has had 
a taste of research, with his reputation to make, and 
with an enthusiasm for further experimentation, can 
often procure money for the purchase of materials, ap- 
paratus, or other assistance, a grant-in-aid for research, 
by applying to one or another of the several Founda- 
tions or Funds which exist for the purpose. It is 
necessary for him to show that the problem which he 
proposes to study is of scientific interest, that he is quali- 
fied to attack it, that there is reasonable hope that he 
may turn out results which will be worth while. The 
best possible evidence is evidence that he has already 
made significant contributions to the subject, which 
is furnished by reprints of earlier publications. 

There are reasons why a young and advancing chem- 
ist, humble with respect to his own achievements, still 
needs for immediate use reprints of his earliest publica- 
tions. The reasons seem strong enough to justify the 
expense, which is no inconsiderable item to an impecuni- 
ous graduate student or Assistant Professor. He will 
wish also to hand reprints to a certain few of his relatives 
or most intimate friends, to persons sincerely and af- 
fectionately interested in his activities and accomplish- 
ments, sympathetic and appreciative while perhaps not 
understanding what the reprints are about. He will 
also do well to set aside a few reprints for those who may 
later ask him for them. 

Large institutions where many workers are publishing 
the results of their researches often pay for reprints, 
allowing the authors as many as they w’sh for their own 
use, and sending out others regularly to a mailing-list 
of persons believed to be interested in the fields of in- 
vestigation which they cover. This saves expense to 
the authors, it enhances the scientific reputation of the 
institution, and it does not reflect unfavorably on the 
modesty of the authors for theirs is not the responsi- 
bility for sending out the reprints. But this procedure 
commonly applies only to strictly professional papers. 
If the research chemist or professor has published some- 
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thing on a broader, more cultural subject, his institution 
is generally not interested in distributing reprints: he 
must purchase them for himself. 

A professor who has been doing research for many 
years, who has developed several specialties, and who 
has graduate students working in them, will often find 
it convenient—and a great help in his teaching—to main- 
tain a few pamphlet boxes of reprints, of his own and of 
others, relative to the fields in which his students are 
working. The idea is contagious. His graduate stu- 
dents will wish to build up for themselves, in their own 
pamphlet boxes, small libraries on the subjects of their 
theses. They will find it an easy thing to do if they pro- 
ceed with foresight and courtesy. Letters will bring 
them reprints from all over the world, from the most 
distinguished of scientists as readily as from the tyros. 
They will soon have inspiring private collections of 
their own, and more important than that, they will have 
made the beginnings of acquaintances with the leaders 
in their fields—and this before they have yet fairly 
started on their own professional careers. 

A request for a reprint often leads to a pleasant and 
continuing correspondence, to an interchange of ideas, 
and to scientific liaison or cooperation in research. 

The professor’s collection of reprints, growing con- 
tinuously by the addition of reprints from his friends 
and correspondents, supplies him with material for ad- 
vanced lectures and seminars. For the latter, particu- 
larly, extracts read from the original publications are 
generally better than explanations or secondary ac- 
counts. 

I am disposed to believe that few scientists mail out 
many reprints of their scientific papers unless requests 
are made for them. They know that the original pub- 
lications are easily accessible to those most likely to be 
interested. The journals are in all the large libraries, 
and the abstract journals are distributed widely. But 
the authors will, I believe, send reprints gladly to stu- 
dents and others who ask for them provided the askers 
explain their reasons or merely claim an interest in the 
subject. Authors will often go to considerable expense, 
sending the reprints by first-class mail for greater safety. 
The recipients owe them an acknowledgment but from 
all that I have seen and heard they generally fail to 
furnish it. 

It frequently happens that the requester of a reprint 
does not bother to explain why he wishes it. Perhaps, 
if it has anything of news value in it, he may wish to 
quote part of it in a popular article or to reproduce a 
picture from it. Perhaps he is applying for member- 
ship in the cult of those who make a hobby of the his- 
tory of chemistry. He would be welcome and wel- 
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comed if he would but say so. Perhaps he sends out 
printed postcards from force of habit, because his insti- 
tution provides them for him, so indexers may be kept 
busy, bibliographies made up, and filing cabinets filled. 

A printed postcard from the Department of Chem- 
istry of a large University reads with a real forthright- 
ness as follows: ‘Will you please send me a reprint of 
your article....which appeared in Very truly.” 
The chemist who signed it asks bluntly for the reprint 
but makes no protestation or pretense of interest in it, 
nor explains why he wishes to have it. When he sent 
the postcard that was his last act in the matter. An- 
other postcard from a Research Institute says: “I shall 
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greatly appreciate a reprint of your paper... ..appear- 
ing in the Yours very truly,” but the “shall” has 
proved to be a false prophecy. The appreciation of 
the reprint was not great enough for acknowledgment 
to be made of the receipt of it. Another postcard, 
“thanking you in advance,” gives assurance that there 
will be no further thanks, or acknowledgment. It de- 
serves no recognition. 

Reprints are valuable because they promote a better 
acquaintance with persons and with special fields of 
knowledge. They have their own, give-and-take, and 
imply certain amenities and procedures. They are a 
good institution. The law is good if we use it lawfully. 


POTASSIUM SOAP—SOFT OR HARD? 


Porasstum soap is described in most chemistry texts 
used in high schools and for General Chemistry and 
Organic Chemistry in colleges and universities as 
soft soap while in others it is stated that liquid soaps are 
usually potassium soaps or potassium soaps are dis- 
pensed as liquid soaps. While the melting points of 
many of the sodium salts of organic acids are higher 
than those of the corresponding potassium salts, the 


melting points of sodium stearate and sodium palmitate 
are so high that it would seem improbable that the 
potassium salts of these acids and other fatty acids 
found in soap would be liquid or even of soft consistency 


at room temperature. Many liquid soaps are dis- 
solved sodium soap yet not described as soft soaps. 


Potassium soaps were prepared from ‘several com- 


mon soaps, such as Lux, Ivory, Ivory Flakes, and Swan, 
and in all cases the hardness of the resulting soap was 
comparable with the original soap. 

Potassium soaps are usually dispensed as liquid or 
soft soap, because it is more difficult to separate this 
soap from its soap lye than it is to separate the more 
common sodium soap from its lye. There are two rea- 
sons for this: first, potassium salts are, in general, 
more soluble than sodium salts and this is also true 
of the soaps, and second, it would require large quanti- 
ties of potassium chloride, a salt less abundant and 
more costly than sodium chloride, to salt it out. 

To prepare a small amount of potassium soap, half a 
cake of any ordinary bar soap or half a box of soap 
flakes is dissolved in a Jiter of boiling water in a 2-liter 
beaker. If bar soap is used as the starting material it 
should be sliced into thin shavings. When the soap 
is dissolved, glass beads or boiling chips and a few drops 
of methyl orange are added, followed by concentrated 
hydrochloric acid in slight excess. The acid solution 
containing the fatty acids is boiled until the fatty acids 
form a clear layer on the surface of the water sdlution. 
The fatty acids are then separated from the major por- 
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tion of the acid water solution. This may be accom- 
plished conveniently by the use of a siphon made by 
bending a 20-inch length of glass tubing 6 to 10 mm. 
O. D. and attaching to it a 20-inch length of rubber 
tubing. It is wise to place two short pieces of rubber 
tubing, one over the other, on the siphon to insure 
handling it without too great discomfort while siphoning 
off the hot acid solution. The fatty acids should be 
washed twice by boiling with hot water for several 
minutes, separated carefully from the final wash water, 
and placed in a 400-ml. beaker. 

The fatty acids are now neutralized with potassium 
hydroxide, the approximate amount of which may be 
calculated from the quantity of hydrochloric acid re- 
quired for the liberation of the fatty acids. This 
amount should be increased by 20 per cent and dis- 
solved in 95 per cent ethyl] alcohol, 15 grams per 100 ml. 
The beaker containing the fatty acids is then placed in 
a boiling water bath and the alcoholic potassium hy- 
droxide solution added gradually. After three fourths 
of it is added the alcoholic soap solution should be 
tested after each addition by taking a drop of it on a 
clean stirring rod and mixing it with two drops of 
phenolphthalein solution on a white porcelain color 
reaction plate. When the test gives a slight pink colora- 
tion, the potassium hydroxide is present in slight ex- 
cess. The heating of the alcoholic soap solution is con- 
tinued with stirring to evaporate the alcohol until it 
is quite viscous, when it may be transferred to a mold 
of desired shape and size or left in the beaker to solidify 
on cooling. 

The soap prepared in this manner will be discolored 
due to the removal of the antioxidants from the soap 
and oxidation by atmospheric oxygen. If the neu- 
tralization of the fatty acids and evaporation of the 
alcohol is performed under vacuum, the soap will not 
be so discolored, but in any case, the potassium soap 
will be hard. 





REVIEWING OF TECHNICAL BOOKS —THE 
MINIMUM REQUIREMENTS 





In the Carnegie Library of Pittsburgh the Tech- 
nology Department has for more than forty years 
maintained an index to reviews of technical books. 
This file records some 200,000 reviews. 

In 1917 the Department began publication of the 
Technical Book Review Index which identifies, and 
quotes from, reviews in current journals. Discon- 
tinued by the Library at the end of 1928, this was 
subsequently taken over by the Special Libraries 
Association with headquarters in New York but the 
compilation and editing are handled in Pittsburgh 
under the supervision of the Technology Department, 
using the journals received there. 











Wir the mounting prices of technical books, the 
prospective purchaser needs considerable guidance. 
Some publishers offer books ‘‘on approval’ and this 
service is extremely valuable, but with most books, for 
most people, reviews in current journals constitute the 
best existing source for evaluation of scientific and tech- 
nical publications. 

Books concerned with the technique of reviewing are 
few in number. One of the best is “L’Analyse et la 
Critique des Livres, Articles de Revues, ete.,” by 
L. Cellérier (Librarie Félix Alcan, Paris, 1916). 

One of the American books says that the purpose of 
the review is to sell the book. It should, of course, be 
nothing of the sort. The purpose of the publisher, in 
providing a copy for review, is to sell the book. The 
purpose of the honest reviewer should be to tell the 
prospective purchaser whether the book is, to him, 
worth what it costs. 

Frequently a review does not afford adequate evalua- 
tion but, just as frequently, it fails even to identify the 
book properly. Accurate identification is the very 
least of the services of the book reviewer and failure 
here is inexcusable because, with the book before him, 
the requisite information can be supplied even by any 
fairly intelligent typist or clerical assistant. 

The basis of any review should be an entry in the 
following form: j 
Abbott, Arthur L. 

National Electrical Code Handbook; Based on the 1947 Edi- 


tion of the National Electrical Code. Ed. 6. 633 pp. 1947. 
McGraw-Hill Book Co., New York. $4.00. 


Turkish, Michael C, 


E. H. McCLELLAND 
Carnegie Library of Pittsburgh, Pittsburgh, Deniien- 
vania 


1947. Eaton Manufacturing 
$6.00. 


Valve Gear Design. 130 pp. 
Co., Wilcox-Rich Division, 9771 French Rd., Detroit. 


Woldman, Norman E., and Metzler, Roger J. 
Engineering Alloys; Names, Properties, Uses. [Ed. 2.] 832 
pp. [1945. American Society for Metals, Cleveland.] $10.00. 


With merely a brief entry such as the above, the 
reviewer has definitely identified the book. Most of 
the requisite information is, usually, right before him on 
the title page of the book, and it is from the title page 
that this information should always be taken. Some- 
times a book bears a different title on the front cover. 
Rarely there is a third title on the back or “spine.” 
Occasionally even the name of the author is misspelled 
on the cover. This happens because, while the author 
usually has a chance to read proof on the pages and the 
title page of his book (the work of the printer) he has no 
such control over the work of the bookbinder. The 
bibliographies of the book trade and the card catalogs of 
libraries always take their information from the title 
page, so, when a reviewer cites a different title taken 
from the cover, he is causing trouble for everyone who 
tries to look up the book because there is no such book. 
(Occasionally, an improperly made book omits the title 
page altogether and the only title appears on the cover. 
In such a case, the careful cataloger or reviewer adds a 


note saying ‘‘binder’s title” or “title from cover.’’) 


Author. The author’s name should be given in full, 
or with initials, just as it appears on the title page. Too 
often a reviewer’s careless statement that the book is by 
“Smith” or “Jones” causes a lot of work for a lot of 
people in trying to find out which “Smith” or which 
“Jones.” Worse still, a reader without access to a good 
library or a large bookstore has no facilities for finding 
out. An occasional book is by John J. Smith and three 
or four other fellows. The standard practice in catalog- 
ing is to say John J. Smith ‘‘and others’’; so, in a review, 
it is much more helpful to give the full name of the 
leading author than to cite the surnames of all of them. 

Title. In a review, the title should be cited exactly 
as it appears on the title page. Even when it is very 
long it presumably conveys some information which 


- can here be presented in the author’s own words, thus 


saving the words of the reviewer. A British title may 
have the word “colour.” A book published in any 
country except the United States may have the word 
“aluminium” in the title. An American title may 
include either “sulphuric” or “sulfuric.” In every 
instance of this kind, the duty of the reviewer is to record 
the title precisely. If he changes the spelling of a word, 
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he is not making a correction; he is making a mistake. 
When he accepts the responsibility of preparing a 
review, he assumes the obligation of revealing the book 
as it is, and he has no more right to change the spelling 
in a title than to change the spelling of an author’s 
name. In the review which he writes he is, of course, 
at liberty to criticize the title and to use his own orthog- 
raphy (preferably that sanctioned by the “style” of 
the journal which is to print the review). 

Edition. With anything except the original issue, 
the edition is generally indicated on the title page. 
Sometimes the publisher is evasive, merely saying “new 
edition,” or “revised edition.””’ The reviewer should 
include this information in his review; it, at least, is 
evidence that the book is not entirely new. With any 
new edition, the reviewer should make a diligent effort 
to determine and reveal the extent of revision. The 
purpose of a new edition should be either to bring the 
subject matter up to date, or to widen the scope of the 
original work. Too often, it is nothing of the sort and 
the controlling reason for the new printing is merely 
that the old one is exhausted and the publisher wants to 
keep the book on the market, both for new customers 
and for unsuspecting owners of the earlier edition. The 
reader of the review should be informed whether the 
new “edition” will give him anything more than a later 
date on the title page and perhaps a few new leaves at 
the end of the book where they can be added cheaply 
without the necessity of resetting any type. If the 
reviewer does not have access to an old edition for com- 


parison he is justified in asking the publisher to supply 
a copy. 

Pages. 
the number of pages. 
this information, as a book is usually paged consecu- 
tively. Prefatory matter, generally paged in Roman 
numerals, may either be disregarded or included as 


A prospective purchaser will want to know 
The reviewer can easily give 


xii + 420 pp. (not 432 pp. If a book has 432 pages, it 
should be possible to turn to page 430.) Occasionally a 
book is made up of separately paged sections, in which 
case the reviewer should say 120 + 90 + 167 pp. 
Sometimes a careless publisher entirely omits page 
numbers. This may be revealed by saying “unpaged” 
or “no pagination.”” The reviewer should never over- 
look this defect which, in itself, is a pretty strong argu- 
ment against buying the book. If a few leaves become 
detached from a book of this kind it would probably 
pay the owner to buy a new one rather than try to deter- 
mine definitely where the loose leaves belong. 

Date. The year of publication should (and usually 
does) appear on the title page; if not, a date frequently 
appears elsewhere—on the reverse of the title page or on 
one of the earlier pages. If “supplied” from any source 
other than the title page, the accepted convention is to 
put the date in square brackets, thus [1947]. If only 
the date of copyright is given, it is desirable to indicate 
that, by “‘c1947,” because the copyright date is not 
necessarily the same as the actual date of publication. 
Presumably a book is reviewed while it is new, but this 
is not always true and the reviewer should always 
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identify the date of publication. Some publishers inten- 
tionally omit dates not only in the books but in their 
catalogs, but a book should not be reviewed solely in the 
interest of the publisher. In a new edition the title 
page date may be the current year, though the reviewer 
can discover on the other side of the leaf that the latest 
copyright date is years earlier. Then the review should 
reveal both dates; presumably the new material is very 
slight if the publisher has not thought it worth while to 
protect it by copyright. 

Publisher. A widely, but none too wisely, adopted 
precedent for identifying the publisher uses the form 
“New York: Reinhold.” It would seem a little more 
logical to name the publisher and then proceed to give 
his address. A regular publisher seldom includes his 
street address on a title page, but this omission presents 
no problem for the book trade. The reviewer, however, 
will make no mistake if he gives the full address when- 
ever he can doso. This will enable a reader, far distant 
from a bookstore, to order a book for himself. The full 
address should always be given in the case of a book 
which is published privately (by the author, perhaps) 
or by a company which is not in the book publishing 
business. In the examples given above, the book by 
“Turkish” is issued by an industrial company which 
would not be readily identified as a publisher, hence the 
complete address is helpful. 

Price. The price rarely appears on the title page. 
If there is a book jacket the price is usually thereon; 
but, when a publisher submits a book for review it is 
extremely unlikely that he will omit the price, and the 
reviewer should not omit it. If the price varies with 
unbound or “de luxe’’ copies, this should be mentioned. 

The items presented above constitute the absolute 
minimum of information which should be given in any 
review. This information is obvious to any reveiwer 
who can read, and it can be given by even the most 
incompetent reviewer who may know nothing at all 
about the subject under review. 

But it is highly desirable that the reviewer should 
know something about the subject, and that he should 
pass some of his knowledge along to the reader of the 
review. A reviewer who knows the subject should, 
presumably, be able to indicate where the book fits into 
the state of the art, to evaluate it for dependableness, 
and to compare it with other books in the field, if these 
exist. If the treatment is “mathematical” it is some- 
times advantageous to know whether its use requires 
only algebra, or higher mathematics, and what mathe- 
matics. 

Read half a dozen reviews of the same book and you 
jill probably find that three or four of them give the 
same information in precisely the same words. This is 
not just coincidence; the explanation is that, without 
giving any credit, each reviewer has “‘lifted” the state- 
ment from the preface or (still worse) from the pub- 
lisher’s “blurb.” Certainly there is nothing amiss 
about taking ideas from the preface—the author, better 
than any one else, should be able to tell what he is 
attempting todo. The reprehensible thing is in setting. 
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forth these ideas as if they belonged to the reviewer 
instead of crediting them to the author, and quoting 
when taken verbatim. 

The title page may or may not tell something about 
the author. If from any source the reviewer can 
divulge any information about the author and his work 
it will be useful. On many subjects it is helpful to 
know whether the author is a village blacksmith or the 
head of a research department. 

One American publisher has built up quite a flourish- 
ing business by selling British publications which he 
supplies, with a title page bearing an American imprint 
(and sometimes a more recent date), omitting all evi- 
dence of British origin, and raising the price to four or 
five times the original. When a reviewer detects this 
practice he ought to reveal it. 

Almost any technical book deserves a table of con- 
tents and an index; if either is missing, the review 
should indicate it, and if the reviewer can add a few 
words of evaluation, so much the better. Sometimes a 
valuable book has a very unsatisfactory index, and five 
minutes of the reviewer’s time may detect the short- 
comings. Occasionally a table of contents consists of 
chapter headings which are “smart”? and spectacular 
rather than informative. 

Frequently the reviewer can give helpful information 
regarding illustrations. Today any book which re- 
quires it can have high-grade illustrations. Usually, a 
diagram from a line drawing is more instructive than a 
picture of the housing of a motor or the case of an instru- 
ment, but the latter are frequently used because they 
save time and money. Sometimes a title page says, 
“With photographs by the author,” but there are no 
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photographs. Photographs are printed by light. Re- 
productions printed with ink (commonly as halftones) 
are not photographs. Similarly, the phrase, ‘With 
wood-cuts,”’ seldom tells the truth. 

Though entirely beyond the control of the reviewer, 
one thing which frequently impairs the clarity of a pub- 
lished review is the editor’s insistence on writing an 
irrelevant caption. If a book is entitled “History of 
Physics,” and the reviewer so records it, many an editor 
is unwilling to print the review without some unneces- 
sary heading of his own, such as “Development of 
Physical Sciences,” thus leaving the reader in some 
bewilderment as to what really zs the title. 

The purpose of this article is primarily to suggest 
minimum requirements which demand only care and 
common-sense, but which, if observed, would greatly 
improve many reviews now being published. The 
writer of acceptable reviews must bring to the work 
much more than this minimum routine. and more than 
the mere ability to read the book. Perhaps he will find 
a hint in the following paraphrase of a single paragraph 
from the French book mentioned previously: 


It may be said that the title if fitly chosen, and 
the table of contents if adequately prepared, to 
some extent reveal the book itself. The title ought 
to tell what the book is about, and the table of 
contents should indicate the scope and arrange- 
ment of the material. The preface and the con- 
clusion perform a further function—to reveal the 
intent of the author, and his attitude towards his 
own work. Fortified by information from these 
sources, the reviewer is equipped to begin his 
actual reading of the book. 


ATTITUDE AND EDUCATION 


(Continued from page 364) 


warmth as well as of light. They not only will think 
but feel, and impart these attitudes to others. And 
upon such may depend our survival in this atomic age. 

Years ago I went hunting for moose, to a club in 
Quebec. It was November and cold. The members 
were talking of a tragedy that had just occurred. A 
New Yorker had come up on his first hunt. He had, 
gone to Abercrombie & Fitch and bought everything in 
sight; compasses, flashlights, pocket-axe, a huge hunt- 
ing knife, and 100 rounds of heavy ammunition. At 
night when it came time to return, he suddenly realized 
that he had lost his bearings. Then he began tearing 
about in endless circles. The tracks next morning told 
the tale of his night of desperate struggle. Exhausted 
he had finally collapsed. Next morning the search 


party discovered his body, still laden with gadgets and 


100 rounds of ammunition. All he needed to do the 
moment he was lost, was to stop, light a fire, and warm 
himself through the night. By morning help would 
have come to him. 

I wonder if we today are not in a similar case. The 
pace of our life may mean that we have lost our bear- 
ings, and are trying to make up in activity what we lack 
in direction. Perhaps we are weighed down by too 
many gadgets and too many rounds of ammunition, so 
that through concentration upon the means we have lost 
sight of the ends. Perhaps we, too, need to pause and 
light a fire, the fire of human understanding, and having 
warmed ourselves and our attitudes throughout the 
night, it may be that by morning help will come to us. ... 





RATE, ORDER AND MOLECULARITY IN 
CHEMICAL KINETICS 


Ir appears from some recent discussion!~* that there 
exists a certain degree of misunderstanding regarding 
the fundamentals of chemical kinetics, and the state- 
ment has recently been made‘ that the subject is in a 
highly confused state. It has accordingly been thought 
worth while to present an outline of the basic principles 
which should demonstrate, that contrary to this conten- 
tion, no serious logical inconsistencies exist. In addi- 
tion to covering matters that are generally agreed upon, 
and which for the most part have found their way into 
the textbooks, the present paper will present certain 
points that do not appear to have been treated before in 
an explicit form. 


THE RATE OF A CHEMICAL REACTION 


The rate of a reaction, which may also be called its 
velocity or speed, can be defined with relation to the 
concentration of any of the reacting substances, or to 
that of any product of the reaction.’ If the species 
chosen is a reactant which has a concentration c at 
time ¢ the rate is — dc/dt, while the rate with reference 
to a product having a concentration x at time ¢ is dx/dt. 

Any concentration units may be used for expressing 
the rate; thus, if moles per liter are employed for con- 
centration and seconds for the time, the units for the 
rate are moles liter~! sec.—!. The most fundamental 
units for concentration are molecules per cc., and the 
corresponding rate unit is molecules cc.—! sec.—1; the 
latter unit is usually found to be most useful in the 
application of molecular statistics to chemical processes. 
For gas reactions pressure units are sometimes used in 
place of concentrations, so that legitimate units for the 
rate would be (mm. Hg) sec.—! and atm. sec.—! 


THE ORDER OF A REACTION 


The order of a reaction concerns the dependence of 
the rate upon the concentrations of reacting substances; 
thus, if the rate is found experimentally to be propor- 
tional to the ath power of the concentration of one of 
the reactants A, to the 6th power of the concentration 
of a second reactant B, and so forth, viz., 


1 AnToNOFF, G., J. Coe. Epuc., 21, 420 (1944). 

2 Luper, W. F., ibid., 21, 559 (1944). 

3 AnTonoFf, G., ibid., 22, 98 (1945). 

4 Luper, W. F., ibid., 22, 201 (1945). 

5 GLASSTONE, S., zbid., 22, 201 (1945). i 

6 Antonorr, G., J. Phys. Colloid Chem., 51, 513 (1947)* 

7 The actual value obtained may differ according to the sub- 
stance chosen; this point is discussed in a later section. 
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rate = kea%cpf ... (1) 
the over-all order of the reaction is simply 
=at+B+... (2) 


Such a reaction is said to be of the ath order with re- 
spect to the substance A, the 6th order with respect to 
B, ete. 

Simple or “elementary” reactions, which occur in a 
single stage, will first be considered. If only one type 
of chemical substance is concerned, e. g., in a thermal 
decomposition or an isomerization, the rate equation has 
the form 


(3) 


so that the order is simply a. No clear-cut example of 
a > 2 seems to have been investigated, but values of a 
< 2, both integral and nonintegral, have been found. 
Thus, for the decomposition of nitrogen pentoxide a = 
1, for the decomposition of hydrogen iodide a = 2, 
while for the ortho-para hydrogen conversion a = 1.5. 
An order of zero (a = 0) is frequently found in surface 
reactions involving a high degree of adsorption. Non- 
integral values are relatively common, and would prob- 
ably be more so if the experimental results were not fre- 
quently constrained to follow laws of integral order. 
An order may vary with the total concentration, ex- 
amples being found in the thermal decomposition of 
acetaldehyde, and in all unimolecular processes (see 
later). 

The simplest example of a reaction rate depending 
upon the concentration of two substances is given by 


rate = keacp (4) 


This corresponds to a second order process which is of 
the first order with respect to both A and B. Reac- 
tions having a total order of three are also known (e. g., 
2NO + Bre), but it is doubtful whether reactions of 
higher order exist in the gas phase. 

In a number of instances the order of a reaction is less 
than the over-all order, for the reason that the concen- 
tration of one or more of the reacting substances re- 
mains sensibly constant during the course of the reac- 
tion. This may arise in two ways: 

(1) One of the reacting substances, e. g., the solvent, 
may be present in such great excess that its concentra- 
tion hardly changes as the reaction proceeds. 

(2) One of the reacting substances, although not 
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necessarily present in large excess, is also a product of 
the reaction; it therefore plays the part of a catalyst, its 
concentration remaining constant. 

An example of the first case is the hydrolysis of an 
alkyl halide in aqueous solution; the rate of this reac- 
tion is proportional to the concentration of the halide, 
and so is of the first order with respect to that reactant. 
In this case the concentration of the water does not 
change appreciably as the reaction proceeds. How- 
ever, if experiments were made in nonaqueous solvents 
containing small amounts of water, the concentration of 
which varied during the course of the reaction, they 
would in all probability indicate the reaction to be of the 
first order also with respect to the water. It is common 
to speak of such reactions as being pseudo-unimolecular, 
but this nomenclature may lead to confusion and should 
be avoided. As will be seen below, the molecularity of 
a reaction is related to its fundamental mechanism, and 
consequently terms such as _ pseudo-unimolecular, 
pseudo-bimolecular, etc., as generally employed, are 
not entirely rational. 

The situation regarding catalyzed reactions is similar. 
In the presence of a constant amount of catalyst, reac- 
tions frequently have an order of unity, the rate being 
directly proportional to the first power of the concentra- 
tion of the substrate. Hojwever, on varying the con- 
centration of catalyst the reaction is almost invariably 
found to be of the first order with respect to the catalyst 
also, and under these experimental conditions it is there- 
fore of the second over-all order. If the reaction is 
taking place in solution the possibility still remains that 
the reaction is also first order with respect to the sol- 
vent, a matter which could only be investigated in 
indifferent solvents. If it were found to be so the 
reaction would be of the third over-all order. Such is 
probably the case for the familiar hydrolysis of an ester 
in aqueous solution when catalyzed by hydrogen ions; 
the reaction is of the first order with respect to the ester, 
the water, and the catalyst. 

The foregoing applies to surface catalysis as well as 
to homogeneous catalysis. For example, the reaction 
between nitric oxide and oxygen on a glass surface is of 
the first order with respect to both nitric oxide and 
oxygen, and from this standpoint would be spoken of as 
being of the second order; however, if experiments are 
carried out in which the surface area is changed it is 
found to be a reaction of the third (over-all) order. 


THE SPECIFIC REACTION RATE 


The specific reaction rate, which is also known as the 
rate constant, is the value of the constant k appearing 
in equation (1). It is numerically equal to the reaction 
rate when the reactants are present at unit concentra- 
tion. In general its units depend upon those employed 
for the concentration; thus, if moles per liter are used, 
the specific rate has the units (moles per liter) /sec. (moles 
per liter)", wheren = a+ 8+. . . is the over-all 
order; this reduces to moles! liters*—! sec.—1. For a 
second-order reaction, for which n = 2, this becomes 
liters moles—! sec.—!, while for a reaction for the 3/2 














































order the units would be liters’* moles~* sec.-!.._ For 
a reaction of the first order (n = 1) the units are sec.—, 
z. e., the concentration units are irrelevant. This result 
has led to the proposal!, %, * that it is better to drop 
the use of concentrations for expressing the rates of such 
reactions, and to use the number of moles or of molecules 
instead. Aceording to this suggestion. the rate of a 
first-order reaction should be expressed as — dN/dt, 
where N is the number of molecules of reacting substance 
present at any time. The rate equation would then be 


~ae « EN (5) 


which can, of course, be derived at once from the more 
usual equation 


-—-==ke. (6) 


by multiplying each side by the volume. 


FIRST-ORDER REACTIONS AND RADIOACTIVE 
CHANGES 


Although equation (5) is a mathematically correct 
formulation of the rate of a first-order reaction, its use 
is open to serious objection. In the first place, it sug- 
gests that first-order reactions, and by implication all 
reactions of integral order, have a different status from 
reactions of nonintegral order; in actual fact, as will be 
shown later in connection with the molecularity of a 
reaction, first-order kinetics arise as the limiting case of 
a more general law, covering the behavior of certain 
reactions, which gives rise to a gradation of order from 
first to second. A further objection to this suggestion 
stems from one of the very arguments used in favor of 
the proposal, namely, the analogy with radioactive 
transformations; this will now be considered. 

Since radioactive processes are usually treated in 
terms of the law expressed by equation (5), the sugges- 
tion was made that the same formulation should be 
applied to chemical reactions of the first order. How- 
ever, the analogy between the two processes should not 
be pressed beyond the statement that both follow equa- 
tions (5) and (6); the mechanisms are entirely different. 
The number of molecules decomposing per second in a 
radioactive process involving a given amount of ma- 
terial is the same whether the substance is densely 
packed or is in a highly diffuse form where the mole- 
cules are at enormous distances from one another. The 
same is not, however, true of chemical reactions, which 
depend for activation upon transfer of energy in inter- 
molecular collisions. In a first-order reaction the 
number of molecules of gas which decompose per 
second, 7. ¢., the “rate” according to equation (5), may 
remain constant up to a certain point as the given 
amount of gas is expanded, but sooner or later it will 
begin to fall off, the number of collisions being insufli- 
cient to maintain the required supply of active mole- 
cules. A radioactive change in a given atom, on the 
other hand, is a process which does not depend upon the 
presence of other atoms.’ The apparent analogy be- 
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tween the two types of change, therefore, offers no 
argument in favor of employing similar units in expres- 
sing the rates. 


THE ABSOLUTE VALUE OF THE RATE OF REACTION 


One point that may sometimes be a source of con- 
fusion. to students of chemical kinetics is that even 
when one set of concentration units is used, the absolute 
values of the rate of reaction and of the specific rate 
may depend upon the substance of which the formation 
or disappearance is under consideration. Thus, con- 
sider the third-order gas reaction between nitric oxide 
and bromine, for which the stoichiometric equation is 


2NO + Br. = 2NOBr (7) 


The rate of this reaction may be expressed in three 
different ways as follows: 


(1) The rate of disappearance of nitric oxide, 
—dcyo/dt. 

(2) Therate of disappearance of bromine, —dcp,,/dt. 

(3) The rate of formation of nitrosyl bromide, 


dexosr/dt. 


The kinetic results, which agree with the stoichiometric 
equation in this case, show that the disappearance of 
one molecule of bromine corresponds to that of two 
molecules of nitric oxide and to the appearance of two 
molecules of nitrosyl bromide. The three expressions 
for the rate of reaction are therefore not equivalent, but 
are related by 


dcpr, 


_ denopr (8) 


a. dt dt 


The reaction rates are related to the specific rates as 
follows: 


dcxo 


dt 


ut dcpre 
dt 


kyocxoCare (9) 


KprCkoCBre ( 10) 


and 


dexosr 
dt 


where kyo, kpr., and kyopr are the specific rates corre- 
sponding to the three different methods of expressing the 
reaction rates. Comparison of equations (8) to (11) 
shows that 


(11) 


= kyosrCkoCare 


kyo = 2kpr = knosr (12) 


In stating an actual or a specific reaction rate it is there- 
fore necessary, at least in ambiguous cases, to state not 
only the concentration units but also the substance to 
which the rate refers. 


THE MOLECULARITY OF A REACTION 


The molecularity of a chemical reaction is best de- 
fined as the number of reactant molecules which come 
together to form a collision complex, commonly: known 
as an “activated complex,” which directly gives rise to 
the products of the reaction. Whereas the order of a 
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reaction is directly deduced from the experimental re- 
sults, the molecularity may only be determined on the 
basis of additional arguments about which there is 
sometimes some uncertainty. 

The case of unimolecular gas reactions will be con- 
sidered first. According to Lindemann’s theory, 
which is generally accepted, the activated complex 
which gives rise to the products is a single reactant mole- 
cule which has become excited by colliding with another 
molecule; the formation of the complex A* from two 
molecules of the reactant A may therefore be repre- 
sented by 


A+AZA*+A (13) 


while its decomposition to give products B and C may 
be indicated by 


A*>B+C (14) 


If c, is the concentration of A molecules, the rate of 
formation of active molecules by collision is given by 
k,c2, where k, is the specific rate of the process. The 
complex A* may be deactivated by collision with A 


(z. e., reverse of reaction (13)), the rate of which is 


k-,c,*c, where k-, is the corresponding specific rate. 
The rate of formation of products, by (14), is equal to 
kec,*, where ke is the specific rate for this process. The 
net rate of increase of c,* is therefore given by 

dca* 


di (15) 


= kyci — kycatca — keca* 


Since c,* is small its rate of change is small, and to a 
good approximation may be set equal to zero; hence, 


kycR — k-ica*ea — kecg* = 0 (16) 


so that 
cat = __kich 
“ kuica + ke 
The observed rate of reaction, which is equal to the rate 
of deeomposition of the activated complex A%*, is there- 
fore given by 


(17) 


d 


a aca = keca* = kikaca 


kuica + ke 


which is the general equation for a reaction of order be- 
tween 1 and 2. At sufficiently high pressures, when c, 
is large, the rate of deactivation k-,c,c,* is large in 
comparison with the rate of decomposition kec,*; the 
constant kz may then be neglected in comparison with 
k-,c, and equation (18) becomes 


(18) 


Hew Hoy (19) 
which is the equation for a reaction of the first order. 
At low pressures, on the other hand, k,>k-,c,, and 
equation (18) reduces to 


Oe hal 


di (20) 


so that the reaction becomes of the second order. 





8 LINDEMANN, F. A., Trans. Faraday Soc., 17, 598 (1922). 





386 


It is thus a characteristic of unimolecular reactions 
that they should be of the second order at low pressures 
and the first order at high pressures. Since reactions 
of higher molecularity do not have this property it is 
reasonable to classify as unimolecular those reactions 
which show this change of order, and a few such reac- 
tions are known. 

It is evident that the existence of this gradation of 
order constitutes an overwhelming objection to Anto- 
noff’s proposal that different units should be employed 
for the two types of reactions. His formulation would 
require either a sudden transition from one set of units 
to the other, or the use of a function which becomes a 
concentration at low pressures and is dimensionless at 
higher ones; the first alternative is arbitrary and the 
second exceedingly clumsy. The use of concentration 
units in all cases leads to no such difficulties. 

When a reaction is bimolecular, and neither reactant 
is present in large excess? the order is always the 
second. For a reaction involving one type of reacting 
molecule A, the activated complex is now the double 
molecule Ag, 


ky 
A+A 2A (21) 


v—1 


and this decomposes into the products by 


ke 
Ac* > B+ C (22) 


Using the specific rates indicated, the rate of increase of 
As is 
dca,* 


dt 


and if this is'‘set equal to zero, it follows that 


(23) 


= kyck — k_yca,* — keca,* 


kick 


ies Wye t * 


The rate of reaction is therefore 
dea kykeck 

at ae Pe ~ 
and since c, does not occur in the denominator this 
represents second-order kinetics at all concentrations. 
Agreement between the molecularity and the over-all 
order is also obtained for elementary reactions involving 
two or more different kinds of molecules, and for reac- 
tions of higher molecularity. A discrepancy between 
molecularity and order therefore only exists in the case 
of unimolecular reactions. 

After the over-all order of an elementary reaction has 
been determined over a range of concentrations, con- 
clusions may be drawn with regard to its molecularity 
on the basis of the following rules, which are valid pro- 
vided that the substances reacting are present in similar 
amounts: 

(1) If the reaction has-an order of one or more with 
respect to two or more different species the molecularity 
is the same as the over-all order, all the reactants 
(including catalysts) being included. 


® The significance of this condition was considered earlier. 


(25) 
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(2) If the molecule has an order with respect to 
only one species the situation is as follows: 

(a) If the order is the first under any circumstances 
the reaction is unimolecular. In such a case the order 
will necessarily become the second at sufficiently low 
pressures. 

(b) If it is of the second order at all concentrations 
investigated there remains some doubt about the molecu- 
larity, since there is always a possibility that at higher 
pressures than those studied the order would fall to 
unity. The difficulty may sometimes, however, be 
resolved on the basis of further theoretical arguments. 

(c) Examples of higher order for reactions of this 
type do not appear to be known, and the case will 
therefore not be discussed. 

The above remarks refer to simple or ‘‘elementary” 
reactions; if a reaction is complex, 7. é., it involves a 
number of successive processes or stages, the conclu- 
sions can apply only to the elementary processes taking 
place. The situation regarding the over-all order of 
such reactions will now be discussed. 


COMPLEX REACTIONS 


One of the most significant results that has emerged 
from a kinetic study of chemical reactions is that only a 
very small number of the processes that have been 
investigated take place by a simple rearrangement of 
the atoms in the reacting molecules with the formation 
of the final products. Even such apparently simple 
reactions as the combination of Hz and O, to form 
water, and of Hz and Bre to give HBr are actually very 
complex. In fact, about the only gas reactions now 
believed to be simple are the reactions between hydro- 
gen and iodine, the decomposition of HI, and certain 
isomerizations. Simple reactions occurring on surfaces 
and in solution may, however, be more common. 

If one of the stages of a complex reaction is much 
slower than any of the others, this slow process, often 
referred to as the “rate-determining”’ stage, determines 
the observed reaction kinetics. The over-all order 
obtained in the usual manner may then be a simple 
integer, as in the reaction between nitric oxide and 
hydrogen. The slow, rate-determining process is 
apparently the third-order reaction 


2NO ob He = Ne + H.02 (26) 


followed by 

H202 + He = 2H20 (27) 
which takes place rapidly. The value of the molecu- 
larity derived from the considerations developed in the 
preceding section is then the molecularity of the slow 
stage. The rate-determining step in the nitric oxide- 
hydrogen reaction is thus termolecular, although the 
complete process involves four molecules, viz., 


2NO + 2H: = Nz + 2H20 (28) 


When the successive stages involve reactions which 
do not take place at markedly different rates, the com- 
plexity of the process is sometimes, but by no means 
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always, revealed by a complexity in the kinetic laws. 
Thus the rate of formation of hydrogen bromine from 
hydrogen and bromine does not obey the simple law 
dcupr 
. dt 
although the analogous law is followed by the hydrogen- 
iodine reaction, but is represented by the expression 


(29) 


= kewsCprz 


dexpr _ _kn.Cprq'/? 


dt tT 1 + Cucr/k' car, 


where k and k’ are constants at a given temperature. 
This result was interpreted” by postulating that the 
following elementary processes are involved: 


Br. = 2Br 
Br+H. = HBr+H 
H+ Br. = HBr+ Br 
H+ HBr= He + Br 

2Br = Br. 


(30) 


The rate law corresponding to this scheme is deduced 
on the assumption, which has been shown to be justified, 
that the concentrations of hydrogen atoms and of 
bromine atoms are constant, 7. e., that dce,/dt = 0, and 
dc,,/dt = 0. If expressions for thse two rates are 
written down and equated to zero, the “steady-state” 
concentrations of H and Br can be calculated, and hence 
the over-all rate, which is found to be of the form of 
equation (30), can be derived. Further justification for 
this scheme of reactions has been given by the results 
of investigations on the rates of all of the individual 
processes postulated. This reaction between hydrogen 
and bromine is of considerable importance in that it is 
the only complex one to which a quantitative theory 
has been applied successfully. 

When only one substance enters into reaction, as in a 
decomposition, the process may proveed by a complex 


10 CHRISTIANSEN, J. A., Kongel. Danske Videnskab. Selskab, 
Math.-fysi. Medd., 1, (14) (1919); K. F. Herzrexp, Z. Elekt., 
25, 301 (1919); Ann. Physik., 59, 635 (1919); M. Poxanyi, Z. 
Elekt., 26, 50 (1920); cf. S. Guasstons, “Textbook of Physical 
Chemistry,’’ 2nd ed., D. Van Nostrand Co., New York, 1946, 
p. 1079. 
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mechanism but still show simple kinetics; the decom- 
position of ethane, for example, follows first-order 
kinetics, but certainly involves a number of elementary 
processes. The detailed mechanisms of organic reac- 
tions of this kind have not been elucidated, but Rice and 
Herzfeld" have proposed schemes which account for 
the observed kinetic behavior in a number of cases. 
Thus, the first-order law for the decomposition of ethane 
can be interpreted in terms of the simplified scheme 


(36) 
(37) 


(39) 
(40) 


C:H. = 2CH; 
CH; + CoH. = CH, ae C.H; 


Application of the usual steady-state treatment, as 
applied to the concentration of hydrogen atoms and of 
the free methyl radicals, gives for the rate 
_ dons 
dt 
which corresponds to a reaction of the first order. 
However, it is certain that reactions other than those 
mentioned are involved in the decomposition; in par- 
ticular, it appears that a significant fraction of the 
ethane molecules decompose by the direct reaction 
C:H, = C2H, + H2 (42) 


The elucidation of the detailed mechanisms of complex 
reactions plays an important part in kinetic studies at 
the present day. 


SUMMARY 


The elementary treatment of chemical reactions is 
reviewed with special reference to (1) the rate, and the 
units in which is expressed, (2) the order, (3) the specific 
rate and its units, and (4) the molecularity. The rela- 
tionship between order and molecularity is discussed, 
and the criteria for determining molecularity in terms 
of order are defined. The kinetic laws for complex 
reactions are discussed briefly. 


- kecsus (41) 





11 Ricg, F. O., ano K. F. Herzrewp, J. Amer. Chem. Soc., 56, 
284 (1934). 


LITTLE ION 


“Little Ion in my flask 

Do you mind much if I ask 

What your name is, Little Ion, 
Can’t you see you’ve got me cryin’? 
“Can’t you see I’m growing weaker 
As you hide there in my beaker 
Ain’t you got no heart at all? 
Don’t you care if I flunk Qual? 
You could stop my endless tryin’ * 
To find your name out, Little Ion. 
You could end all my confusion 

If you’d come out of solution.”’ 


—Jerry \Wellins 


Connecticut College Pharmacy, 
New Haven, Connecticut 





RARER ELEMENTS IN QUALITATIVE 
ANALYSIS: TUNGSTEN 


T uz list of the twenty-four cations generally found in 
the scheme of qualitative analysis was arranged system- 
atically about one hundred and twenty years ago; to- 
day, it remains practically unchanged. In view of the 
rapid advances in all of the sciences, particularly chem- 
istry, it is quite evident that the old system of qualita- 
tive analysis is no longer adequate. Among the ninety- 
six chemical elements now known, about thirty were 
undiscovered one hundred and twenty years ago.? It 
is not surprising, then, that only twenty-four cations 
were included in the system of analysis. Today, the 
situation is quite different. Many so-called “rare 
elements,” which are traditionally excluded from the 
usual scheme of qualitative analysis, are neither rare 
nor unimportant. According to Fink’ the production 
of molybdenum amounts to 90,000 tons annually; 
lithium is even more abundant in the earth’s crust than 
lead or tin while in comparison with strontium, neither 
tungsten, vanadium, nor titanium should be classified 
as rare. In consequence of these facts it has seemed 
highly desirable to find an adequate procedure for in- 
clusion of these increasingly important metals in the 
elementary course of qualitative analysis. To this end, 
a series of investigations is being undertaken. Since 
China is the source of more than 60 per cent of the world 
productions of tungsten, the authors turned first toward 
a study of the separation of tungsten in the analysis. 
According to Porter‘ tungsten is separated in Group 
I during the systematic analysis of cations. It is the 
authors’ opinion, however, that tungsten, because of its 
insolubility in almost all acids, would not appear in the 


solutions to be tested for the cations of Group I follow- - 


ing treatment of the sample with acids. Furthermore, 
alkaline solutions of tungstates form insoluble com- 
pounds with the cations of Group I upon mixing. Por- 
ter’s procedure, therefore, is not without objection and 
appears questionable. Experiments have been per- 
formed by the authors which are believed to result in a 
satisfactory and reliable method for the detection of 
tungsten. 

Procedure for the Separation of Tungsten in the System 
of Analysis: Boil the sample containing tungsten (for 
example, a tungsten ore) with aqua regia. Evaporate 
the mixture to dryness and ignite (Note 1). Add to the 
residue dilute HCl and heat the mixture to boiling 


1 Rose anD Hernricu, “Manual of Analytical Chemistry”; 
translated by Tuomas Grirrins, Tegg, London, 1831. 

2 MuutemaN, G. W., “The Chemical Elements and their Dis- 
coverer,”’ published by Fisher Scientific Company, 1936. 

’ Fink, C. G., J. Comm. Epvuc., 16, 108 (1939). 

‘Porter, L. E., Ind. Eng. Chem., Anal. Ed., 6, 188 (1934). 
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(Note 2). Filter or centrifuge (Notes 3 and 4) and fuse 
the undissolved residue with sodium carbonate. Boil 
the fused mass with water and filter or centrifuge 
(Note 3). Upon acidifying the aqueous extract with 
dilute HNO; (Note 5) tungstic acid will precipitate out 
while silicic acid, if present, will remain in solution 
(Note 6). Filter or centrifuge (Note 4) and indentify 
the insoluble tungstic acid in the usual way (Note 7). 

Note 1. Evaporation to dryness and ignition not 
only dehydrates H,WO, and makes it less soluble in 
acids but also destroys any tartrate or arsenate. This 
is necessary since it was found that tartrate ion prevents 
the precipitation of tungstic acid while arsenate ion re- 
tards its precipitation. 

Note 2. The mixture should be heated for several 
minutes in order to completely precipitate the HeWO, 
and make it easier to filter. A change of color from 
white to yellow indicates the transformation of the 
amorphous, hydrated acid, HeWO,-H20, into the an- 
hydrous form, HeWO, (or WOs). 

Note 3. The acid-soluble portion contains no tung- 
sten (due to the insolubility of tungstic acid); the water- 
insoluble residue after the sodium carbonate fusion is 
likewise free of tungsten (due to the conversion of all of 
the tungsten into water-soluble sodium tungstate). 
It is evident that no tungsten will be present in the 
cations of Group I (or subsequent groups) in the course 
of the systematic analysis since customarily the acid- 
soluble portions and the water-insoluble residues are 
taken for analysis by groups. 

Note 4. The H:W0O, precipitate should be washed 
with 3 N HCl in order to prevent the passage of HeWO, 
through the filter as a pseudo-solution. Some of the 
H.WO, passes through the filter in spite of the treat- 
ment with HCl, and centrifuging is preferred as a means 
of separating H:WO, from solution. 

Most of the H.WO, precipitate deposits along the 
sides of the casserole or adheres iv the upper edge of the 
filter paper and is not easily transferred to the nickel 
crucible for fusion. It is, therefore, better to rinse the 
casserole or the filter paper with cold, 3 N Na,CO; 
solution which may then be combined with the water ex- 
tract from the sodium carbonate fusion. 

Note 5. Phosphate ion interferes with the precipi- 
tation of tungstic acid due to the formation of a com- 
plex phosphotungstic acid, HsPO.12W0O;. For ex- 
ample, it was found in a preliminary experiment that a 
50-ml. solution containing 2 mg. of tungsten and 100 
mg. of phosphate ion formed no precipitate of -H:W0, 
upon standing overnight following acidification with 
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TABLE 1 
Detection of Tungsten during the Preparation of the Solution for Cation Analysis 





Unknown Sample: Boil with aqua regia, evaporate to dryness, bake; add dilute HCl and boil; filter or centrifuge 





Solution 1: for 


Residue 1: Dry, fuse with NazCOs;, then extract with water 





Cations G. II-V Residue 2: Dissolve in 


| Solution 2: Acidify with HNO; and warm 





HNO;, for Cations 
G. I-V 


boil 





Precipitate 3: HaWO,. 
Dissolve in NH,OH 
evap., add SnCh, 
then conc. HCl and 


Blue coloration: pres- 
ence of tungsten 


Solution 3: Evaporate to dryness, add conc. HCl 
> paar to dryness, bake the residue, add 
HCl, and boil 


Residue 4: SiOz 





Solution 4: for am- 
photeric elements 
and anions 








HNO. If phosphate is known to be present it should 
be removed first. Make the HNO; solution alkaline 
with NH,OH, add an excess of Mg(NOs)2 reagent, heat 
the mixture to boiling, and add 2 to 3 ml. of additional 
NH,OH. After cooling and standing, the precipitate 
of MgNH,PO, is filtered off, and the precipitation of 
tungstic acid in the filtrate is carried out as usual. 

Note 6. Silicate is usually present in ores and does 
not precipitate out during acidification if the solution is 
sufficiently dilute and the acidity is not too high. It is 
possible, however, for part of the silicic acid to be 
carried down in the precipitate. Traces of silica do not 
interfere in the “tungsten .blue” test. 

Note 7. To identify tungstic acid, dissolve the pre- 


cipitate in 15 M NH,OH by pouring a 1- or 2-ml. por- 
tion repeatedly through the filter (or adding 1 ml. of 
NH,OH to the precipitate in the centrifuge tube). Col- 
lect the filtrate in a small casserole (or tansfer the solu- 
tion from the centrifuge tube to a casserole) and evapo- 
rate it almost to dryness. Now add 1 ml. of 1 N SnCl-so- 
lution and heat the mixture to boiling. Add 1 ml. of 12N 
HCl and again heat to boiling. The formation of a blue 
color (‘tungsten blue”) indicates tungsten. 

To emphasize the position of tungsten in the system 
of analysis, the above table is given. 

The authors wish to thank Miss Shih-Chia Chen for 
her help on some supplemental experiments of this in- 
vestigation. 


PATENT TERMS IN SOME LANGUAGES OTHER 
THAN ENGLISH 


Tue present world-wide development of chemistry 
has enormously increased the difficulties of the ab- 
stracter and reader of chemical literature. At the 
present time development of chemical industry is 
approaching a world-wide distribution. With such 
increase will also go an increase in patents issued in 
various countries and in various languages. At the 
present time there is a release of material published 
from Europe during the war period which also increases 
language difficulties. The necessity for linguistic 
equipment appears to be increasing, rather than de- 
creasing, for both the abstracter and the reader of 
scientific literature. It is necessary, moreover, to 
develop a special vocabulary for the patent field. 
Some countries publish a form patent modeled pn the 
German pattern with its three dates; namely, those of 
application, grant, and issue. Others follow a system 
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somewhat like the American system with only the date 
of application and the date of issue Biven. Although 
patents are laid open for inspection in most European 
countries for purposes of opposition (France and Spain 
are exceptions), the date of such action does not appear 
on the face of the patent except in the case of Holland 
and Great Britain. Those countries which follow the 
German type of patent specification and claim in gen- 
eral separate the technically new material in the claim 
from the old material by a characteristic expression 
which may be approximately translated into English 
as “characterized in that.” 

The effective date of a patent differs according to the 
individual law of the granting nation. In some coun- 
tries the patent may be considered to run from the 
date of application, in others from the date of issuance, 
and in the case of Great Britain, from the date of seal. 
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In this last case the date of seal does not usually appear 
on the face of the patent. 
the patent begins with the day following the date of 
The technicalities of patent law 
are not the subject of this paper but the possibility of 
determining patent dates for the purposes of identifica- 


filing of application. 


In Germany the term of 
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tion and comparison of patents issued in different coun- 
tries for a given field of subject matter. 
of this work is to make patent terms in several of the 
chief languages of Europe available for reference. 
For typographical reasons terms in the Slavic group are 
limited to those printed in Roman script. 


The purpose 





TABLE OF LINGUISTIC EQUIVALENTS FOR PATENT TERMS 





wade. 


2. 











German Dutch Danish Norse Swedish 
Inventor Erfinder Uitvinder Uppfinner Uppfinner Uppfinnare 
Filing date Patientiert vom-ab Aanvrageingrediend Pattider Igber fra fra frin (followed by 
or vom* udstedt date) 
Granted Erteilt Tag der Ber- Dagteekening Gee 
kanntmachung 
iiber die Erteilung ~ 
Open for public (Does not appear on Openbaar gemacht (Does not appearon (Does not appear on (Does not appear on 


insp. 


face of the patent) 


face of the patent) 


face of the patent) 


face of the patent) 


























Issued Ausgegeben Uitgegeven Offentliggjort Offentliggjort henry Offent- 
iggor 
“Characterized dadurch gekenn- met het kenmerk Kendetegnet ved Karaketrisert ved Kannetechnat diiray 
in that” zeichnet 
Example Beisniel Voorbeeld Eksempel Eksempel Eksempel 
Priority Priovitat Voorrang van (fol- Fortrinset paaker- fra (country) Prioritet begird fran 
lowed by date) aabt fra 
Claim(s) Patentanspruch Conclusie Patentkrav Patentpastander Patentansprak 
Patentsprak 
Romance Languages 
French Spanish Portuguese Italian 
Inventor Invention Inventor Inventor Inventore 
Assignee (Name of assignee given) tilular cesionaria concessionario i 
Filing date Demandé Solicitud (Presentado) Pedido Deposito 
Granted Délivré Deferidot Deferido is 
Issued Publié concedido concedida Rilasciato 
“Characterized in that”’ (not used) (not used) (not used) caraterviizzato por pelo 
Example Exemple Ejemplo Exemplo Esempio 
Priority Demande de brevet dé- Prioridad Prioridade con priorita 
poseé (followed by coun- 
try) 
Claim(s) Résumet Reivindicacion(es) Revindicagé(es) Rivendicazion(i) 
Slavic Languages ~ 
Polish Czech Croatian 
Inventor Wynalazca Vyndlezce Izumitelj, pronalazac 
Filing date Zgtoszono Prihlégeno Prijava 
Granted Udzielono Chfanéno Vazi 
Issued Wydania Vydano Izdan 
“Characterized in that’’ Znemienny tim Vyznaéeny tim Naznaéen time 
Example Przyktad Pifklad Primer 
Priority Pierwszénstwo Zadano o prioritu z . . . (date fol- Nazenagéeno pravo prvenstva od... 
lows) Pridavokvy patent (date follows) 
Claim(s) Zastrezezenia patentowe Patentévy ndrok Patentni zahtev (i) 
NaMEs oF MontuHS 
January Styezén Leden Sijencanj 
February Luty Unor Veljagéa, Februar 
March Marzec Brezen Ozujak 
April Kwiecien Duben Travanj 
May Maj Kvéten; M4j Svibanj 
June Czerwiec erven Lipanj, Juni 
July Lipiec Gervenec Srpanj, Juli 
August Sierpien Srpen Kolovoz, August 
September Wrzesien Zari Rujan 
October Paézdziernik Rijen Listopad 
November Listopad Listopad Studeni 
December Grudzien Prosinec Prosinac, Decembar 


* The term of the patent begins with the day following the application date. 
+ Not legally speaking a claim. 
t Not used in all Spanish speaking countries. 
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® COLOR PHOTOMICROGRAPHY FOR THE 
UNDERGRADUATE CHEMISTRY STUDENT 


Because or the popularity of photography and es- 
pecially color photography at the present time, the 
average college student in chemistry already has some 
interest in the subject. This interest can easily be 
turned into a fruitful teaching method by making avail- 
able to the student a project in color photomicrography. 
The apparatus for such work is usually available in 
college chemistry departments and the materials do not 
involve a large outlay of money. The better trans- 
parencies obtained can be bound into slides and used as 
demonstrations in teaching other courses in chemistry. 
The following description of such a project worked out 
by a third-year student in chemistry at Antioch Coilege 
illustrates the possibilities of combining a modern, 
popular avocation with a specialized chemical tech- 
nique so that the student is rewarded by acquiring new 
abilities and the department by obtaining useful pro- 
jection material for other courses. 

The equipment necessary for this particular work in- 
cludes a chemical microscope with polarizer and analy- 
zer. For illumination, any suitable microscope light is 
satisfactory for: the black and white photomicrographs 
and the noncritical color work at low magnifications. 
If exact reproduction is necessary at magnifications 
about 100 X, a special light source should be provided 
and corrections for the lens system made with appropri- 
ate filters. Many different commercial camera attach- 
ments are available or, if necessary, one can be impro- 
vised in the laboratory. Determination of exposure 
can be satisfactorily accomplished with an ordinary 
photometer or by the use of test strips. The equip- 
ment for the preparation of the objects to be photo- 
graphed will depend on the type of material that one 
wishes to use. For the preparation of crystals, droppers 
can be used to deposit solutions on slides which are then 
heated to accelerate evaporation or placed in petri 
dishes to retard the evaporation, whichever is desired. 
A suitable darkroom properly equipped is necessary if 
results are desired within a reasonable length of time. 
In order to make color prints, one must have a complete 
set of gelatin filters, because suitable reproduction of 
color on paper requires extensive balancing of the light. 
The photographic material may be obtained at most 
camera stores. 

The prerequisite for taking pictures through a micro- 
scope is familiarity with the theoretical and mechanical 
aspects of chemical microscopy. Specific information 
of this sort is readily available in a number of stahdard 
reference works (1, 5, 6). However, work with photo- 
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micrography brings the student into contact with the 
basic principles of light and lenses. He is confronted 
with the necessity of understanding spherical and 
chromatic aberration and the means of correcting for 
these variations. The practical limits of magnification 
must be determined for the specific lenses used and for 
the camera. This involves an understanding of re- 
solving power, numerical aperture and the mathemati- 
cal relationship that correlates these properties. 

Basically, the technique of taking pictures through a 
microscope is the same as that already familiar to ama- 
teur photographers. The few details peculiar to photo- 
micrography (8) tend to make the work even more in- 
teresting and the final results more rewarding to anyone 
who has ever done, or wanted to do, any work in photog- 
raphy. Crystals are very difficult to photograph at 
high magnifications because there is a limit to the depth 
of focus which keeps the lower plane of the crystal out 
of focus when the upper plane is in focus. As a result 
of this the most commonly used magnification in 80 X. 

An intimate acquaintance with the absorption theory 
of light is an invaluable aid to any person working with 
color and color reproduction, and there are some very 
clear presentations of the subject and its relationship to 
photomicrography available (1/0, pp. 56-57). The 
technical construction of modern “‘tri-pack’’ color film 
must also be considered, for the photographer realizes 
that the film will record color as an absolute function of 
wave length of the illuminating light and that there is 
no automatic compensation method available such as 
the human eye provides. It is for this reason that 
tungsten-type film is specified, and for accurate work, a 
3200°K. color temperature light source must be pro- 
vided. This bulb is obtainable as a specially marked 
No. 2 Photoflood. 

If the light source is such as to give the required ex- 
actness of reproduction, a simple method for determin- 
ing the length of exposure should be devised. Again 
there is much technical literature available on the sub- 
ject (7, 10, pp. 90-99; 137). The length of exposure 
for color films is a much more critical matter than for 
regular film because of the greater complexity of the 
film and the process. Color film, being a positive ma- 
terial, must be exposed for the correct length of time to 
produce clear white highlights instead of being exposed 
to reproduce the shadows, as is common with black and 
white negative material. In this case it is very difficult 
to use the conventional photometer because the bright 
field as represented by the crystal is not large enough or 
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bright enough to give consistent readings, nor can a 
large field of similar intensity be reproduced for a read- 
ing. The only remaining method which is not too 
complicated (4) consists of making test strips on a fast 
panchromatic film, and carefully choosing a strip for its 
good tone quality. That particular exposure time is 
then converted for use with color film by the applica- 
tion of the comparative Weston speed ratings. Thus, 
if Ansco Super Pan Press film, with a speed rating of 
64, requires an exposure of one second, the Ansco Color 
film with a rating of 8 will require eight times the expo- 
sure, or eight seconds, and Kodachrome with a rating of 
12 will require 5.3 seconds’ exposure. Both Ansco 
Tungsten and Kodachrome Professional Film, Type B 
were used, and for this particular work no consistent 
differences in color reproduction could be cited. The 
Ansco Color film can be processed by the student and 
will provide a real incentive for accomplishment to 
those interested in photography. 

After the transparencies have been prepared, color 
prints can be made to use as illustrations for articles or 
reports. The only additional equipment necessary to 
produce color prints is an inexpensive set of printing 
filters and a method of inserting them in the exposing 
system. Because the ability of the paper to reproduce 
colors varies with each different emulsion, very strong 
corrections must often be made to obtain acceptable re- 
sults. 

The enthusiasm of the student for this sort of project 
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is limited only by lack of time for doing more of it, and 
the application of the techniques is important in other 
fields than chemistry. Slight modifications of the pro- 
cedures allow applications in both biology and metal- 
lurgy. Atacost of about twenty dollars the chemistry 
department has a collection of fifteen standard-size 
lantern slides. If a minature camera is used the cost 
is greatly reduced, and after the first ones have been 
made experimentally additional costs are much less. 
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« PRODUCING AN ALLOYING ELEMENT OF HIGH 


PURITY 


Execrrouytic manganese is relatively new. It 
first became commercially available in 1939 when the 
plant of the Electro Manganese Corporation began 
operations at Knoxville, Tennessee. In the war years 
its use was restricted by the War Production Board to 
certain essential uses, such as high-tensile bronzes, 
and it has only become generally available since the 
removal of government restrictions. 

Because of its high purity (99.9 per cent plus), 
electrolytic manganese is finding favor as an additional 
agent in both ferrous and nonferrous melting, and in 
the preparation of pure manganese salts and catalysts 
in the chemical industry. 

Prior to the development of this process, manganese 
was added to other materials for alloying purposes in 
the form of ferro-manganese. 
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The Knoxville plant is currently producing an 
average of 10,200 lb. a day of pure manganese metal, 
and has a construction program nearing completion 
which will increase this production by about 50 per 
cent. This plant continues to be the sole commercial 
producer of pure manganese. 

Nickel alloys have been of great value in the produc- 
tion of electrolytic manganese, and for many purposes 
have proved irreplaceable. 

The first step in the process is the reduction roasting 
of dioxide ore to make the manganese content soluble 
in cell acid. This is accomplished in two rotary-tube 
electrically heated furnaces. These furnaces use nickel 
in some important applications. One of these is the 


tubes, which must withstand a high degree of heat, 
as well as some abrasion. 
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It was found that ordinary steels burned out in a very 
short time, scaling heavily on the outside. This scale 
would fall off and short-circuit the electrical heating 
elements. After consideration of many alloy steels, 
Misco Metal, with a composition of 35 per cent nickel 
and 15 per cent chromium, was selected. Michigan 
Steel Castings Company furnished this alloy in cen- 
trifugally cast tubes 15 feet long and with 12-inch 
inside diameter. These have proved very satisfactory, 
having so far given service in one furnace of about 
16,000 hours and in another of about 9000 hours, with 
no sign of failure. 

These tubes pass through electrically heated fire- 
boxes, in which the heating elements are of a resistance 
type having a composition of 60 per cent nickel, 16 
per cent chromium, 24 per cent iron, and 0.1 per cent 
carbon.: These are furnished by Hevi Duty Electric 
Company. In the next stage the cooled reduced ore is 
fed to wood-stave leaching tanks equipped with motor- 
driven impellers. 

Anolyte is fed into these digesters, together with some 
make-up sulfuric acid. Three types of impellers have 
been tested—lead-covered mild steel, rubber-covered 
mild steel, and type 316 chromium-nickel-molybdenum 
stainless steel. Despite their higher initial cost, 
the longer life and negligible maintenance cost of the 
type 316 impellers make them the most economical. 
Eventually, all leach tanks will be equipped with this 
type of impeller. Stainless steel wear plates are also 
used in the leach tanks. 

Leach slurries are settled in lead-lined Dorr thickeners 
equipped with large wooden impellers, which are 
assembled with type 316 stainless steel bolts and 
These bolts show no evidence of corrosion 
after several years of continuous service. 

Thickened muds from the Dorr thickeners are 
filtered and washed on Moore vacuum filters. The 
essential parts of this filter, which come into contact 
with the electrolyte, are made of wood, canvas, and 
type 316 stainless steel, containing 18 per cent chro- 
mium, 12 per cent nickel, and 2 per cent molybdenum. 

Many centrifugal pumps are required to move elec- 
trolyte through the various steps of the process. 
Durimet B (35 per cent nickel, 12 per cent chromium, 
45 per cent iron, 5 per cent silicon), produced by The 
Duriron Company, has been selected as the most 
satisfactory pump alloy to resist corrosion by man- 
ganese electrolytes. 

Electrolytes are transferred through lead pipe or 
rubber hose. Where rubber hose is used, connections 
are made by means of cast Durimet B fittings. Valves 
in these lines are made either from Durimet B or type 
316 stainless steel. 
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Probably the most important, certainly the heaviest, 
use of stainless steel in the production of electrolytic 
manganese is in the cathodes, or starting sheets, upon 
which the manganese is deposited. Cold rolled steel, 
which was originally used, corroded badly at the liquid- 
surface line and contaminated the electrolyte with iron. 
When manganese was deposited on these cathodes, it 
was always difficult and usually impossible to strip it 
off, and the cathodes were so roughened in the stripping 
process that they could not be used a second time. 
Use of stainless chromium-nickel steel cathodes was 
pioneered and brought to its final development at the 
Knoxville plant with the active cooperation of stainless 
producers, especially the American Rolling Mill Com- 
pany. 

Type 316 stainless steel was finally selected as the 
most suitable material because it had the necessary 
corrosion resistance combined with the proper temper 
to withstand the flexing operation to remove the man- 
ganese deposit without permanent deformation. It 
also requires a minimum of surface preparation between 
deposition cycles. Cathodes of this material withstand 
years of rough service. 

Passage of electric current through the cells causes 
the temperature of the electrolyte to rise, and the cells 
would become too hot to permit the deposition of 
manganese if some means of controlling temperature 
were not provided. This is accomplished by cir- 
culating the portion of the cell electrolyte in contact 
with the anode through redwood cooling towers, as- 
sembled with stainless steel bolts and nails. The 
weirs which control flow and distribution of electrolyte 
in the towers are also made of stainless steel. 

The system contains over 300,000 gallons of a highly 
corrosive electrolyte which moves through at a fairly 
rapid rate. Once the raw leach liquors are purified, 
it is necessary to make sure that they are not con- 
taminated by the materials with which they come in 
contact. 

Nickel is one of the metals whose presence in the 
electrolyte, even in amounts as low as 0.0004 gram per 
liter (0.000052 ounce per gallon), will inhibit the depo- 
sition of manganese; yet the purified electrolyte is 
allowed to come into contact with these high nickel 
alloys. This rather remarkable paradox is of course 
an eloquent testimonial to the corrosion resistance of 
the materials. 

This is another practical example of how a continuous 
trouble-free operation can be assured and production 
costs cut through the use of relatively high-priced heat 
and corrosion-resistant alloys in a process where dete- 
rioration from such hazards must be avoided to the 
maximum degree. 





ERRATUM 


In the review of ‘‘The Theory of Valency and the Structure of Chemical Compounds” which 
appears on page 180 of our March, 1948, issue the author should have been given as Priyadaranjan 
Ray, rather than Pandit Ray. 


@ NOTES ON THE FORMATION AND STABILITY 
OF COMPLEX IONS 


A sussecr that rarely is touched in beginning 
chemistry, and may be hazy in the mind of the graduate 
student, deals with the factors influencing the formation 
and stability of complex ions. To put this subject in 
the form of typical questions that an intelligent student 
well might ask: Why is ammonium sulfide less stable 
than ammonium fluoride? Why is potassium fluobo- 
rate stable at red heat whereas calcium fluoborate de- 
composes at 250°? Why do acids like orthophosphoric, 
molybdic, vanadic, silicic, etc., form condensed poly- 
acids as the pH decreases? 

Some explanations for these and related questions 
can be found in the chemical literature but they are not 
easy for the student to dig out and much of the reason- 
ing, as presented, may be difficult for a student to grasp. 
There also is the danger that in supplying his own an- 
swers to some of these questions the student may be 
guided by reasoning from other chemical phenomena to 
logical but wrong conclusions. 

It is possible to explain the phenomena that are ob- 
served in complex ion systems in a very simple fashion 
by using the formal concept of acids and bases intro- 
duced by G. N. Lewis.! In this system the term acid 
is applied to electrophilic or electron attracting groups, 
and the term base is applied to electrophobic or electron 
donating groups. Chemical reactions thus can be elu- 
cidated in terms of electronic interaction. The use of 
these concepts comprises a very powerful chemical tool. 
The application of this tool to the knotty chemical 
problems of complex ion behavior reveals something of 
its adaptability and may help to familiarize students 
with this way of chemical thinking. 

To begin with, we observe that boron fluoride can re- 
act with potassium fluoride under a variety of conditions 
to form potassium fluoborate, KBF;. Similarly, cal- 
cium fluoborate, Ca(BF,)s, is formed from boron fluoride 
and calcium fluoride. These both are reactions in 
which a fluoride ion from the metal fluoride has shared 
a pair of its valence electrons with an electron-greedy 
boron atom to form the complex fluoborate ion BF, 
a process which may be represented by an equation: 


:F: :F:- 
KF = K+:F:~ :F:- + B:F: = :F:B:F: (1) 


8 ‘he ¢Fs 





1 The reader is referred to the excellent text by W. F. LupER, 
AND 8S. Zurrant1, ‘The Electronic Theory of Acids and Bases,” 
John Wiley & Sons, Inc., New York, 1946. 
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A similar equation may be written to illustrate the for- 
mation of calcium fluoborate. Both of these fluobo- 
rates are ionic salts. 

We next observe that potassium fluoborate is quite 
stable. It melts at a red heat and can be heated to 
600 to 700°C. without noticeable decomposition. On 
the other hand, calcium fluoborate decomposes quite 
readily if one heats it to 250° and it reverts to boron 
fluoride, which escapes as a gas, and solid calcium 
fluoride. 

We might try to derive an explanation for this differ- 
ence in behavior by basing it on chemical analogy as 
follows: We know that the amount of energy released 
in the formation of a compound—~. e., binding energy— 
increases with the difference in electrical character of the 
component atoms. Compare, for example, the energy 
evolved in the formation of sodium chloride and in the 
formation of hydrogen iodide and the relative stability 
of these two compounds. Therefore, since calcium is 
less electropositive than potassium we might postulate 
in the case of the fluoborates that there is more binding 
energy to stabilize the potassium compound. 

The above reasoning, however, is not correct in ex- 
plaining the formation and stability of complex ion com- 
pounds although it is based on a sound premise and in 
some cases may offer a satisfactory explanation for the 
stability of binary compounds. 

Let us look again at the fluoborates using the formal 
acid-base concepts. Potassium fluoride comprises po- 
tassium ion, a weak “acid” in the Lewis sense, and 
fluoride ion, a weak “base.” This duplicity of use for 
the common terms acid and base is confusing but what 
is meant is that potassium ion has only a slight tendency 
to accept electrons and fluoride ion has only a slight 
tendency to donate electrons. Boron fluoride, on the 
other hand, is a very strong acid and is eager to accept 
a pair of electrons. Referring to equation (1) again we 
see that the fluoride ion base has donated a share in a 
pair of its valence electrons to the boron atom with the 
establishment of a chemical bond and has taken up a 
position near the boron to form the complex fluoborate 
ion. The very weak acid potassium ion offers little or 
no competition to the boron for the fluoride ion so the 
complex fluoborate ion appears to be quite stable. 
Note, however, that this formation of potassium fluobo- 
rate is an equilibrium reaction, although the equilibrium 
lies very far over on the side of the products. The for- 
mation of calcium fluoborate is quite analogous except 
for one thing. Calcium ion is a stronger acid than po- 
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tussium ion. That is, it has more tendency to accept 
electrons. Therefore, although the formation of the 
fluoborate ion is the same, we can say that the calcium 
ion offers the boron more competition for the fluoride ion 
base. This increased competition results in an equi- 
librium lying less far over on the side of the products 
and, in turn, in decreased thermal stability of the com- 
plex. Fluoborates of metals less electropositive than 
calecium—~. e., stronger acids—are found to be even less 
stable toward thermal decomposition. 

We can apply the same sort of reasoning to the for- 
mation and stability of ammonium compounds. The 
formation of ammonium fluoride can be represented as 
the reaction of a hydrogen ion (strong acid), fluoride ion 
(weak base), and ammonia, which, since it has an extra 
pair of electrons to donate or share, may be considered 
as a strong base. Since the proton tends to coordinate 
to the group that most readily can share a pair of elec- 
trons with it the fluoride ion (weak base) offers little 
competition to the ammonia (strong base) for the pro- 
ton, although this proton originally was accepting elec- 
trons from the fluoride in the compound hydrogen 


fluoride. Thus: 
Bhs). AN 
HF =Ht:F:- H+ +:N:H = H:N:H 
H H 


The equilibria lie far over on the side of the products. 

However, in the presence of a base stronger than fluor- 
ide ion, say hydroxy] ion or sulfide ion, the equilibrium 
is shifted away from the product side with the result 
that the complex ammonium ion becomes less stable 
against decomposition back into an ammonia molecule 
and a proton. 

Thus we see that the relative stability of a complex 
ion in its various compounds does not reside in the 
energy of formation of the compounds (in fact, the 
energy of formation of an ammonium ion from am- 
monia and a proton should be the same regardless of 
the other ions present), but in the relative weakness as 
acids or bases—. e., as electron acceptors or donors—of 
the ions that form compounds with the complex ions. 

Another chemical phenomenon for which an explana- 
tion can be made with the aid of the acid-base concepts 
is the condensation of certain acid radicals into polyacid 
systems with decreasing pH. For example, in very 
strongly alkaline solution we can keep the silicate ion in 
solution as the orthosilicate ion. As the solution is 
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gradually acidified we observe that the orthosilicate ions 
condense into polysilicate ions and finally precipitate as 
highly condensed polysilicic acid. 

Let us examine this behavior in detail: We can con- 
sider the orthosilicate ion as a silicon surrounded by four 
oxygens, the whole unit having a charge of ~4 units. 
Each oxygen is bonded to the silicon by a pair of elec- 
trons. In strongly alkaline solution there are only a 
very few protons and no other groups which would com- 
pete with silicon for the attached oxygens. Thus the 
orthosilicate ion is regarded as stable under these con- 
ditions. However, if we begin to add protons to the 
solution in the form of acid we find that these are more 
acidic than the silicon and can remove oxygen from the 
silicate ion in the form of “basic” oxide ions to form 
water. The residue of the silicate ion that remains is 
acidic, 7. e., it wants electrons, although it is less acidic 
than the protons. To satisfy this tendency it takes a 
share in an oxygen attached to another silicate ion or 
silicate ion residue and the result is the first step in the 
formation of a highly condensed siloxane network. 
We can represent this process by equations as follows: 
(It should be remembered that these reactions are 
equilibrium reactions and can be reversed.) 








of a 2" 2 
:0:Si:0: + 2H+ :0:Si H:0:H 
as ee bs H+ ee ee ee 
CF 9 > 
:0:-2 i :0: :0:78 
:0:Si ro :0:Si:0: = :0:Si:0:Si:0: 
=): e4 303 :0: 


(SizO.)-4 (more highly condensed ions) 


This type of behavior also is observed for a number of 
other oxyacid systems and, lacking knowledge to the 
contrary, may be fairly general. By comparing the be- 
havior of the silicates with the aluminates and the 
phosphates, for example, we can make the observation 
that as the central member of the complex ion becomes 
more electropositive—. e., less desirous of accepting 
electrons—the condensation reactions occur more 
readily and more completely. 

This approach to explaining the formation and sta- 
bility of complex ions is, indeed, rather simple. The 
simplicity lies in the great value of the formalized acid- 
base concepts in explaining chemical phenomena other- 
wise difficult to interpret. 
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To the Editor: 

A recent editorial (March, 1948) suggests that it may 
be time “to make the atom less theoretical,” and com- 
plains that in most textbooks “the atom is still a 
theoretical postulate.” 

Mr. Editor, the atom is still a theoretical postulate, 
and this in no way contradicts it’s being a fact. Postu- 
lates can be true, as well as false, and we have exceed- 
ingly good reason for believing that the existence of 
atoms is a true postulate. The precise distinction is 
not between theories and facts (for what is a fact? 
the more one thinks about this term, the less precise 
its significance becomes) but between theories and the 
phenomena they are intended to explain. The atom 
may be a fact, but it is never a phenomenon. No 
individual atom or electron is ever perceived or re- 
corded directly. In cloud chambers we can see, or 
photograph, the tracks of electrons, composed of a 
large number of droplets each composed of a vast 
number of atoms. Geiger counters do not count a 
particles (or the like), they count clicks. Each click 
is immediately caused by a surge of billions of electrons 
through a circuit, and this surge, it is believed, was 
caused at a number of removes by the entrance of one 
a particle into the chamber. That cloud chambers and 
Geiger counters indicate individual particles follows 
from an elaborate mass of theory. The textbooks are 
right in speaking of the atomic theory, and in treating 
the atom theoretically, but since no scientist can enter- 
tain any reasonable doubt that this theory is a true 
theory, it must be realized that the word “theoretical” 
in this connection carries no suggestion of uncertainty. 

There is a story that a pretentious schoolboy, who 
had been assigned to prove theorem X of Euclid, re- 
ported to his master, “‘I wouldn’t go so far as to say that 
I have proved, it, but at least I have rendered it 
highly probable.” This is laughable in mathematics, 
but it expresses admirably the state of affairs in the 
physical sciences, in which no strict proof of a theory is 
ever possible. Consider the steps of a mathematical 
proof: a certain line, shall we say, is compared with 
another line in the figure; it must be either (1) less than 
it, or (2) equal to it, or (3) greater than it. Two of these 
possibilities are shown to lead to contradictions, and 
we therefore say that the third is proved. The im- 
portant step is to be able to say that there are only the 
three possibilities. Any entirely different suggestion is 
ruled out as impossible. If anyone questions us closely 


on this point we find (as professional mathematicians 
have found) that our certainty that there are only the 
three possibilities—less than, equal to, or greater than— 
depends upon the fact that we have defined the “lines” 
that we are speaking about in such a way that this is 
true. Mathematics validates its postulates simply 
by defining entities such that the postulates are true. 
Physical science can do nothing of the kind. Its 
validation is exclusively by experiment. Consequently 
no physical-scientific theory can ever be strictly proved. 
We cannot say, strictly, that the existence of atoms 
has been proved, for it is not possible to enumerate all 
of the conceivable alternative postulates, and eliminate 
them one by one. 

Nevertheless, my belief in atoms is as strong as the 
next man’s—and that is pretty strong. It rests upon 
cumulative evidence. One agreement of a theory with 
experiment does not justify us in concluding that the 
theory is true; the history of science is strewn with 
abandoned theories that had at least one point of agree- 
ment with experiment. One measurement of the weight 
of an individual atom does not permit us to conclude 
that the atom exists. The ratio elasticity-to-density 
of the ether was measured by means no more indirect 
than any “‘measurement” on an individual atom, and 
yet where is the ether now? It is the agreement be- 
tween various measurements on atoms, made by widely 
different methods, that gives virtual certainty, and it is 
clear that any attempt to account for the phenomena of 
physics without the use of atoms would be so fantas- 
tically difficult that the atom is now about as well 
proved as anything else in the physical world. 

The powerful bombs that were dropped on Hiro- 
shima and Nagasaki contribute little to our certainty 
that atoms exist. The explosions formed a confirma- 
tion, and certainly a “striking” one, of EH = mc?, but 
this equation showing the equivalence of mass and 
energy does not necessarily imply that the mass has to 
be discontinuous in structure—i. e., atomic. As a 
confirmation of the atomic theory, the bomb is more 
than usually indirect. One successful prediction does 
not prove a theory, for it is always possible that some 
entirely different theory may be able to make the same 
prediction (for example, straight line travel of light, 
by the undulatory and corpuscular theories). It is 
just conceivably possible that the scientists of the 
future may look back and speak of “the days in the 
first half of the 20th century when that crude bomb of 
theirs was believed to have something to do with 
‘atoms,’ as they used to say.” 

In teaching, there is no difficulty in getting students 
to believe that atoms exist—they are firmly convinced 
of it beforehand. The difficulty is rather in getting 
them to see that scientists have reasons for believing in 
atoms, and in explaining what these reasons are. There 
is often a preliminary difficulty in getting students even 
to want to know the reasons for their belief. It is so 
easy to suppose that, because a certain horrible bomb 
is called an Atomic Bomb, therefore there must be 
atoms. “How could physicists ‘split the atom’ if 
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there isn’t an atom to split?” The answer to this all 
too common type of thought is to suggest that just 
possibly the term ‘“‘atomic bomb” is an entire misnomer, 
and that physicists who think they are splitting atoms 
are really doing nothing of the kind. Then it is possible 
to explain what some of the converging lines of evidence 
that lead to atoms really are, the bomb itself being one 
of them. But to go straight from the “‘atomic’’ bomb to 
the reality of the atom is the stupidest kind of “‘reason- 
ing” ever practiced by man—reasoning from a word. 
ANTHONY STANDEN 


POLYTECHNIC INSTITUTE OF BROOKLYN 
Brooktyn, New York 


To the Editor: 

May I say that in most respects I agree with W. K. 
Viertel in his letter published in the October, 1947, 
issue. I have always felt that too many students 
were too upset by the idea of a single examination 
which passes or fails him in a course. For practically 
my entire teaching career at the University of Cin- 
cinnati I gave no finals, merely examinations at stated 
two-week periods. 

To further help .the student, I posted six days before 
the examination at least eight old exam papers on my 
bulletin board outside of my office. That resulted in 
a steady stream of students copying down those ques- 
tions, then dropping in to consult with me or my 
assistants after they had had a chance to check the 
questions with their text and notes. Granting that 
many of the questions were taken originally from those 
in their textbook, nevertheless, they studied these 
harder and considered them more important, simply 
because they knew that, at some time or other, these 
questions literally were part of a scheduled exam. 

When they found exactly the same question or exactly 
the same type of problem on their own exam, they felt 
amply repaid. 

If this procedure made their grades slightly higher 
on the average, I felt that it was not only the result 
of having studied more questions, but, perhaps more 
important, that they went into the examination room 
under less strain. 


S. B. ARENSON 
Los ANGELES, CALIFORNIA 


To the Editor: 

In your February issue is an article on ‘Demon- 
stration of Oxidation-Reduction Systems,” by Cyril 
E. Abbott. He said, ‘Methylene blue is excellent for 
demonstrating oxidation-reduction.” 

I think a better and easier demonstration can be per- 
formed by staining pieces of white fabric with methyl- 
ene blue. Upon immersing the stained pieces in hy- 


drosulfite solution (in cold water) students can watch 
how the blue color slowly disappears and stays white 
while in the solution. 


Removed from the solution or 
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left in the air it slowly oxidizes and the blue color be- 
gins to reappear and increase in intensity. 

Like methylene blue, many other dyes (alkali blue, 
fuchsine, malachite green, soluble aniline blue) can be 
reduced to “leuco’’ compounds (colorless compounds 
produced from colored ones by the addition of hydro- 
gen, and which lose hydrogen by oxidation, forming the 
original color body. 

Still other dyes, like Congo red, are transformed by 
hydrogen into new colorless compounds, and the prod- 
ucts cannot be reoxidized to produce the original color. 

In this connection, the curiosity of the students can 
be aroused by showing them that the action of reducing 
agents varies with the medium—acid, neutral, or alka- 
line. For instance, HO. acts both as an oxidizing 
agent in neutral or alkaline solution and as a reducing 
agent in acid solution. 

Also, the same reducing agent acting on the same 
substance may produce three different compounds, de- 
pending on the acid, neutral, or alkaline reaction of the 
medium. 

CsHsNO: + zine dust (in alkaline solution) = CsH;NHNHC.H; 


CsH;NO:2 + zine dust (in neutral solution) = CsH;NHOH 
CseHsNO:2 + zine dust (in acid solution) = CsH;NH2 


EMANUEL ANASTASSOFF 
Miron, MASSACHUSETTS 


To the Editor: 

It is now clear that there are two very different 
methods of using the human mental potentialities. 
The older is still struggling with problems which have 
concerned it for possibly six thousand years, and, ac- 
cording to many, getting nowhere with them. The 
new type of thinking, in use for only about one hundred 
and fifty years, now solves almost any problem pre- 
sented to it with celerity, and goes from one stupendous 
achievement to another. We certainly ought to know 
the essential, the distinguishing, characteristic of the 
newer method; if for no other reason because the pro- 
ductions of the scientific method can be used by the older 
type of thinking to the great disadvantage of the race. 

Here is an eminently repeatable experiment, say to 
any ordinarily intelligent person or group of persons: 
“Honesty is compelled solely in science.” It is highly 
probable that your statement will not be denied. In- 
stead all are likely to say: “You have something there. 
You just can’t imagine a dishonest scientist.” 

This experiment warrants a new hypothesis: The 
distinguishing characteristic of the scientific method is 
honesty. 

This new hypotheses merits discussion. If it proves 
wrong, out of the discussion will at least come something 
better than anything any of the many now eager for 
betterment in the world situation can find in print. 

If it proves to be sound, the implications of the new 
theory are very great; so much so, that good, honest 
minds might be busy with them for a long time. 


Jesse E. WHITSIT 
Souta Miami, FLoripa 





Out- of the 


é Slippery Stearates 


One of the endless list of things the chemist is called 
upon to do is to make compounds slippery—as slippery 
as possible with minimum lubricant. Animal greases 
have their uses but in some fields the simple metallic 
soaps known as stearates—principally the stearates of 


aluminum, zinc, calcium, magnesium—are the chemist’s’ 


favorites. Stearates are soft, fluffy compounds re- 
sulting from the reaction of a metallic salt and a soap 
of a fatty acid. They repel water and their uses are 
frequently related to this characteristic. Some of 
them exert astonishing lubricating power in proportion 
to their volume. 

The lubricating effect is related to their covering 
power, commonly measured by the area of wet glass 
which a measured amount can be spread to cover. 
A simple laboratory device determines relative cover- 
ing power; a 2-liter glass cylinder containing 50 milli- 
grams of stearate and 100 grams of demineralized water 
is shaken for a minute in a horizontal position and then 
rotated slowly a few times while being raised to a ver- 
tical position. The stearate adheres to the glass in a 
film whose height provides basis for computing the 
coverage. Ordinary production yields stearates having 
a film area of 8000 to 10,000 square centimeters per 
gram; with special equipment this characteristic has 
been increased in recent years to a film area of 15,000 
to 17,000 sq. cm. Now, in a new plant, we produce 
stearates with a film area of 22,000 to 25,00 sq. cm. per 
gram. 

Aluminum stearate is added to lubricating oil to 
make lubricating greases for machine bearings and the 
paint chemist uses it as a flatting agent in certain coat- 
ings and as an aid in suspension of pigments. As a 
water repellent it waterproofs canvas. 

Zine stearate goes into processing of rubbers, both 
natural and synthetic. As a lubricant its presence in 
the mass prevents sticking in the molds or sticking to 
other rubber sheets in storage. Here is one of the 
fields where high covering power as an index of fineness 
of particle size is important. It also acts as a dispersing 
agent for pigments in the rubber and favorably in- 
fluences the rate of vulcanization. As an ingredient of 
plastic molding powders, this stearate solves problems 
of facilitating the flow of the powders under pressure to 
fill the mold and of preventing the finished pieces from 
sticking in the mold. It imparts smoothness to shaving 





creams and to rouge. In crayons and pencil leads it 
lowers friction. 

Calcium stearate, as a surface application or an 
ingredient, improves water resistance of concrete and 
stucco. 

Magnesium stearate contributes adhesiveness to 
face powders, prevents tackiness in uncured rubber, 
prevents pharmaceutical tablets from clogging punch 
dies, and prevents decomposition of ammunition and 
fireworks. 

Common to most of the uses is the desirability of 
securing the desired lubrication or water repellence in 
the composition with a minimum admixture of stea- 
rate; hence increase in their covering power may extend 
the usefulness of stearates into new fields —From For 
Instance. 


ae Cooperative Committee on Science and 
Mathematics Teaching 


Recommendations for the improvement of the 
present situation and for the development of a long 
range program to increase the effectiveness of science 
and mathematics teaching are outlined in a recent 
report issued by the Cooperative Committee on Science 
and Mathematics Teaching of the American Associa- 
tion for the Advancement of Science. 

The report has drawn a picture of the present status 
of science and mathematics teaching at all levels of 
instruction from elementary school through graduate 
study, and suggests possible means for the correction 
of weaknesses. 

The report appears as Appendix II (pp. 47 to 149) of 
Manpower for Research, Volume IV of Science and 
Public Policy, a report to the President by the Presi- 
dent’s Scientific Research Board, obtainable from 
the Superintendent of Documents U. S. Government 
Printing Office, Washington 25, D. C., at 35 cents per 
copy. Single copies of the report may be obtained 
gratis from the Chairman of the Cooperative Commit- 
tee, Dr. K. Lark-Horovitz, Department of Physics, 
Purdue University, Lafayette, Indiana. 


& Synthetic Fuels 


A detailed account of the development and use of the 
Fischer-Tropsch process for producing synthetic fuels 
and lubricants as revealed by Dr. Otto Roelen, fore- 
most German authority on the subject, is contained in a 
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report now on sale by the Office of Technical Services, 
Department of Commerce. 

Dr. Roelen was associated with Dr. Franz Fischer in 
the discovery of the process in 1926 and with its sub- 
sequent development as a major source of fuels for 
Germany. 


€ Color and Opacity 


Color change frequently accompanies chemical 
change. Metallic lead is grey, lead carbonate is white, 
lead oxide is a muddy orange, lead chromate is a clean 
yellow, and lead sulfide is black. Therefore, it is no 
surprise to the chemist that titanium dioxide, one of 
the whitest and certainly the most opaque white pig- 
ment, is obtained from the black ore known as ilmenite. 

However, the color of a chemical compound may not 
appear the same in all surroundings and its ability to 
impart opacity to such things as paper or paint coatings 
may range from practically zero to complete opacity. 
A comparison of two white pigments, titanium dioxide 
and whiting, when surrounded by air, water, or linseed 
oil will illustrate the point. 

Both pigments are fine white powders and a thin 
layer of either is opaque and hides completely the char- 
acteristics of the surface on which it is placed. 

A mixture of whiting with water and a little glue is 
used as calcimine. When brushed on a wall it pro- 
duces a white coating having good opacity. A mixture 
of whiting and linseed oil is used for window putty 
but this is grey, not white like the calcimine. When 
sufficient oil is added so that it may be brushed on the 
wall it produces a yellowish coating with practically 
zero opacity. Replace the whiting with titanium di- 
oxide and the coating will be white with excellent opacity. 
Whence this difference in color and opacity of whiting 
and titanium dioxide under these various conditions? 

Physicists tell us it is related to the difference in 
refractive index of the white powder and its surround- 
ings. A large difference causes the light rays entering 
the coating to be diffracted or bent to such an extent 
that they do not reach the wall back of the paint. 
Therefore, there is no light reflected from the wall to 
show us what it looks like. When there is no dif- 
ference in R. I. the light travels through the coating, 
we see the background easily and the coating has poor 
opacity. A glance at the refractive indices of these 
materials will show the differences referred to. 


Refractive Index 


Air 1.00 Whiting 1.54 
Water 1.34 White lead 2.09 
Linseed oil 1.48 Titanium dioxide 2.72 


In the first example cited the pigment particles in the 


i two layers of dry powder are surrounded by air, the 


R. I. difference is large and the opacity is excellent. 
In the calcimine coating there is a lot of whiting and 
a very little glue so that the whiting is essentially sur- 
rounded by air and the coating is opaque. With linseed 
oil and whiting the R. I. difference is small, therefore 
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the coating has poor opacity. With linseed oil and 
titanium dioxide the R. I. difference is large and the 
coating has excellent opacity. It is evident that 
titanium dioxide is one of the acutely scarce raw ma- 
terials for industry today. And it was not generally 
known to industry 25 years ago.—From For Instance. 


® Baby Lung 
The Air Forces have developed a “baby lung,” 


“ weighing only a few ounces, which fits into the palm of a 


hand and can be attached to most standard oxygen 
equipment in general use today. Its function is to 
convert the constant pressure emitted from an oxygen 
tank into a pulsating pressure simulating actual breath- 
ing. The “baby lung” can be used for artificial res- 
piration and for emergency treatment in infantile 
paralysis cases. During the Midwest outbreak of 
polio in 1946 the “baby lung” was credited with 
saving a number of lives. 


) Devastation 


This country was spared the horror of bombing at- 
tacks during the last war but we probably will not be so 
fortunate when the next world conflict bursts on us. 
What can happen to a city of approximately the size 
of Cincinnati is vividly illustrated by statistics that 
recently came from Hannover. This German city, in 
the period from August, 1940, to April, 1945, experi- 
enced 1396 air raid alarms. These had a total duration 
of more than two months. In other words, the citizens 
spent sixty times twenty-four hours in their cellars or 
shelters. More than eight thousand planes participated 
in the eighty-eight actual attacks, which reduced much 
of the city to a rubble heap. It is estimated that the 
attackers loosed 34,000 detonating bombs, 950 air 
mines, 900,000 incendiary bombs, and 50,000 phos- 
phorus bombs. 

Four thousand seven hundred and thirty-four civilians 
are officially listed as killed in the raids and together 
with cases that have not been accounted for this makes 
a toll of not less than 5000 lives. The number of persons 
left without shelter either once or several times was be- 
tween 300,000 and 350,000. 

There were 147,222 dwellings in 1938. Of these 
73,728 were completely destroyed or seriously damaged, 
while 62,784 were lightly damaged. Only 7934 were 
untouched. Forty-four per cent of all public buildings 
were destroyed, 36 per cent of all commercial buildings 
and warehouses, and 33 per cent of all workshops and 
factories. Every historic church in the city was a vic- 
tim of the bombs. Of the eighty-seven school houses, 
thirty-nine were destroyed completely, twenty-three 
hit badly, and twenty-one received light hits. Only 
four were entirely spared. 

Such statistics speak for themselves, in a language 
that is understood by everybody. The moral should be 
plain. 

—Contributed by Ratrxa E. OrsPER 
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© Ionization Chamber 


A new pocket ionization chamber, similar in appear- 
ance to a fountain pen, has just been announced by 
Instrument Development Laboratories, 223 West 
Erie Street, Chicago, Illinois. This meter provides a 
record of the radiation to which its wearer has been 
exposed, and is essential for all those working with 
radioactive materials. 


€ German Pharmacy Secrets Reveal Progress in 


a Variety of Fields 


The secret files of the German pharmaceutical in- 
dustry have been uncovered and the federal govern- 
ment has reports on new procedures and preparations 
that will be beneficial to current and future investiga- 
tions, both here and abroad, in a variety of medicinal 
chemical] fields. As a result of intensive search and 
interrogation, the German use of three new sulfon- 
amides has been made known. One of these, Marfanil, 
was supposedly used effectively against anaerobic 
bacteria by the Nazi army. American evaluation fails 
to support German claims fully, but there.is agreement 
that Marfanil is not deactivated by para-aminobenzoic 
acid. Tibatin, a second sulfanilamide derivative, may 
be employed intravenously in pneumonia, and Bad- 
ional, reportedly of value in the inhalation therapy of 
pneumonia and in lupus of the skin, is being tried in 
pulmonary tuberculosis. Lapion, an organo-gold com- 
pound, is under test against tuberculosis, but has not 
as yet proved effective in this country. Among other 
substances now being studied in American laboratories 
are Periston, a blood plasma substitute, and Adreno- 
chrome, a blood catalyzer of sugar, made from oxidized 
adrenalin and thus an insulin adjuvant in the treat- 
ment of diabetes. Various vitamin products including 
Citrin, the natural permeability factor “P’’; Hemodal, 
a synthetic form of vitamin K; and Priovit, which is 
soluble vitamin B (B, and Be) in combination with 
natural vitamin P and synthetic ascorbic acid, have been 
widely investigated by German chemists and doctors. 

—Reprinted from the Merck Report 


& Titanium Dioxide 

Through special treatments—really a process within 
a process—titanium dioxides were produced that 
resisted yellowing, were chalk-resistant, and had 
greatly reduced bleed in lithographic fountain solutions. 
New styles in paint products produced new styles in 
items such as automobiles which were now arrayed in 
pastel tints. 

Although brightness and opacity were .and still are 
the principal themes, the broadening titanium dioxide 
industry is now guiding rather than conforming to the 
progress of paint technology. The research that pro- 
duced the modified anatase titanium dioxides also 
led to the development of the rutile titanium dioxides. 
This more efficient crystal configuration added new 
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heights in excellence. Opacity was further increased by 
20 per cent to 30 per cent. Chalk-resistance was of 
very high degree. Modification processes learned 
with anatase titanium dioxide have been developed 
to new highs in efficiency for the production of the 
many specialized products of the modern paint and 
other industries. Thus, progress is reflected in gleam- 
ing white kitchen appliances that stay white; papers 
that emphasize their printed message through brilliance 
of the background; rayon fabrics without objectionable 
shine or transparency; enameled products from furni- 
ture to signs in myriad tints that maintain their film 
life and brilliance. 

In the space of twenty-five years, titanium dioxide 
has matured from a precocious pigment prodigy to a 
fully blossomed major industry and highly coordinated 
to the varied products demanded by modern living. 

Titanium dioxide today is the keystone pigment of 
the paint industry. The history of titanium manu- 
facturing development is a history of progress and 
modernization in the industry itself. 

Titanium dioxide was not originally supplied in 
pure form to pigment consumers. Because of the 
chemical complexity of titanium pigment manufacture, 
the original titanium pigment was supplied as a com- 
posite type, 25 per cent TiO, and 75 per cent BaSQ,. 
Later another composite type, 30 per cent TiO: and 
70 per cent CaSO, was made available. Both these 
early types were a compromise with purification prob- 
lems. They were poor in color and other pigment 
properties. However, it was evident to the consumer 
that these pigments had superior brightness and 
opacity. Their increasing use spurred titanium re- 
search on toward those process refinements which would 
make pure titanium dioxide a reality. Thus pure 
anatase titanium dioxide came into being as a supplier 
of unprecedented whiteness, brightness, and opacity. 
Paint products had new appeal in their superior bril- 
liance and covering power. White house paints could 
really be made white. Surface coatings advanced into 
new fields of use. 

The road of progress is seldom smooth. It was soon 
discovered that this form of anatase titanium dioxide 
yellowed badly in architectural and industrial finishes, 
that it chalked badly in exterior paints and enamels 
and that its printing inks had poor lithographic resist- 
ance. Research was now directed toward modifica- 
tion of the pure anatase titanium dioxide to correct 
these deficiences. This marked the beginning of the 
titanium dioxide family tree. 

—Reprinted from Dyelines and Bylines 


& Safety 


A ‘Manual of Laboratory Safety” is a pamphlet 
issued by Fisher Scientific Company and Eimer and 
Amend, 1948, gratis. Section one deals with ‘‘How 
to Prevent Accidents in the Laboratory”; section 
two, “Laboratory First Aid and Fire Fighting”; and 
section three ‘Safety Equipment Available for Use in 
Laboratories.”’ 
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INTRODUCTION 


There are, in the United States, about 14,000 public 
water works systems. In three days this industry sup- 
plies a greater tonnage of water than the tonnage pro- 
duced by the steel industry ina year. The transporta- 
tion of this tremendous quantity of water is seldom 
thought of unless the system fails. Although some 
systems can be supplied by gravity, in many the water 
has to be pumped, and in a city of 35,000 about 15,000 
tons of treated water would have to be delivered to the 
consumers’ taps daily. 

The indispensable nature of water requires continuity 
of supply. This implies the necessity for continuity of 
the treatment. The water goes through the treatment 
plant but once, so there is no opportunity to change the 
treatment; it must be right the first time. Changes in 
treatment must be anticipated to meet changes in the 
character of the water. 

In a broad sense there is no naturally pure water. All 
natural water contains both organic and inorganic 
impurities in various amounts, in suspension and solu- 
tion, and live organisms. There may also be industrial 
wastes. Since these impurities make the water unsuit- 
able for use, treatments are applied to remove or miti- 
gate the unwanted characteristics. If we omit water 
softening, such special treatment as is used for boiler 
feed water, and special treatments for certain industries, 
we may say that, in general, public water supply treat- 
ment has four objectives: (1) to produce a water that is 
safe to use at all times; (2) to remove objectionable color, 
turbidity, and suspended matter; (3) to control taste 

and odor; (4) to control corrosive characteristics of the 
water. But before considering these four objectives, 
I would like to discuss filters, because some kind of filter 
is the basic feature of all treatment plants. 


FILTRATION 


In order to filter effectively with a sand filter more is 
needed than just the sand itself. There must be some 
medium to prevent the water from passing too freely 
between the sand grains. 
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SOME PROBLEMS OF WATER TREATMENT 


HAROLD E. WATSON 
Newport Waterworks, Newport, Rhode Island 


In the slow sand filter the reduction of the size of the 
spaces between the sand grains is accomplished by per- 
mitting the raw water to pass through the filter and run 
to waste until enough material screened from the water 
has accumulated to form a jelly-like mat on top of and 
in the upper part of the sand bed. After this mat has 
formed the water delivered by the filter is greatly im- 
proved in character. 

After a slow sand filter has been in use some time the 
friction in the sand increases to such an extent that the 
filter must be cleaned. In cleaning, the top sand is 
skimmed off with shovels, removed completely from the 
filter, and then raw water is again permitted to flow 
through the filter until a new mat has been developed 
on the new surface, and the filter is again put in opera- 
tion. This process is repeated as required until so 
much of the sand has been removed from the filter 
that it becomes necessary to clean all of the sand and 
replace it in the filter to its original depth. 

In rapid mechanical filters the mat is produced by the 
use of chemicals, and the process is called coagulation. 
Mechanical filters are cleaned by reversing the direc- 
tion of flow through them, applying treated water at the 
bottom under pressure, and washing the accumulated 
material over the top and to waste. 

In connection with both types of filters there usually 
are sedimentation basins and, in the case of rapid 
mechanical filters, also coagulation basins, where the 
process of coagulation actually takes place. Coagula- 
tion is produced by the use of chemicals which form 
insoluble gelatinous precipitates. Aluminum sulfate is 
the most common coagulant but sulfate of iron and 
ferric chloride are also used. 

Where the natural alkalinity of the water is insuf- 
ficient it may be necessary at the time of coagulation 
to supply additional alkali in the form of hydrated lime 
or soda ash. If sufficient alkali is not present, some of 
the aluminum sulfate may not be hydrolyzed but may 
remain in the water. So one of the first conditions for 
a proper flocculation is the proper relative amount of 
alkali and coagulant. Another important considera- 

tion is the hydrogen ion concentration of the water to 
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be coagulated. The optimum pH range is around 6.5. 
If the conditions are properly controlled, the hydrolyzed 
aluminum sulfate appears as small grayish-white flecks 
often called floc or flakes, the whole process sometimes 
being referred to as flocculation. The floc should be 
reasonably heavy and tough for quick settling and not 
too feathery to prevent breaking up. When the floc 
is formed in the basins there are possibly three functions 
which it performs: 

1. The entrapping of suspended matter by contact 
in the water and also by coalescence of the various par- 
ticles of floc and by the gradual descent of the floc 
through the water in the basins. 

2. The adsorption of color on the surface of the floc. 
Color can be removed practically completely by a proper 
adjustment of the coagulant dose. 

3. Finally, as the water passes from the coagula- 
tion basins to the top of the filters, there will still be a 
sufficient amount of floc to form the filter mat or filter- 
ing medium on and in the sand of the filter. 

In connection with coagulation there are certain 
special treatments that should be mentioned. First, 
the use of clay to weight the floc. This is useful in the 
newer type of plants referred to as “upflow plants” 
where the course of the water in the coagulation basins 
is up from the bottom to the top, rather than in a hori- 
zontal direction as in the more conventional type. 
Frequently the upflow type of coagulation is accom- 
plished in much smaller basins provided with slowly 
rotating paddle wheels which accelerate the coalescence 
of the floc and help produce a bed of coagulant which 
floats possibly two to four feet below the surface of the 
water, and through which all the water passes from 
the bottom to the top. In these cases, in order to keep 
the floc bed heavy enough to prevent its flowing over 
the top, clay is sometimes employed. In another 
special treatment sodium silicate is activated by an acid 
at the time of introduction into the water. This method 
of producing a heavier and more ideal floc is, however, 
very delicate of control and, to date, requires too much 
control for practical use in the average treatment plant. 
There is still another method of coagulation referred to 
as “electronic coagulation.’’ Aluminum hydroxide is 
produced from metallic aluminum plates placed in the 
water, spaced about one eighth of an inch apart, while 
an electric current is sent through the alternate plates. 
The electronic method does not affect the alkalinity of 
the water. The equipment is patented, and at present 
the greater operating expense prevents its use. 

The filtration process is controlled by observation of 
the color and turbidity removal and adjustment of the 
coagulant dosage to the point of optimum effect. 
Frequent determinations of the alkalinity should be 
made in order to enable proper adjustment by the use 
of additional alkali if indicated. Careful checking of 
the length of run of each filter between cleanings is a 
help in determining the proper dosage of coagulant. 
Finally, observation of the general appearance of the 
floc in the coagulation basin is extremely helpful to an 
experienced operator. 
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ELIMINATION OF BACTERIA 


Filters for clarifying water were introduced as varly 
as 1829, with more or less success, and about 1857 it 
was demonstrated that their effectiveness in reducing 
water-borne disease was due to their ability to reduce 
the number of bacteria. It was recognized, however, 
that filtering did not remove all the bacteria, and al- 
though some 80 per cent or more might be removed, 
the small number remaining might be harmful. So 
filtering alone is insufficient. 

It was not until 1908 that chlorinated lime was first 
used as a germicide in water treatment, its purpose being 
to kill any harmful organisms that may have passed 
through the filters. The chloride of lime was effective 
but its use presented difficulties. It was hard to handle 
in large quantities, and as soon as it was dissolved for 
feeding into the water it gradually began to lose 
strength. It was difficult to feed accurately, and of 
course was extremely corrosive. Equipment capable 
of continuously measuring and feeding pure chlorine 
gas into the water appeared on the market about 
1912, and in a few years liquid chlorine became the 
most common disinfectant in the water supply indus- 
try. 

In spite of the progress indicated there were still 
problems in making the water safe. First, the occur- 
rence of chlorinous tastes which, while in themselves 
harmless to the people using the water, might in some 
instances encourage the use of a polluted water which 
did not have this taste. Then there were certain vagar- 
ies of action. The bacterial reduction was not always 
predictable, and under apparently the same operating 
conditions and with the use of the same technique un- 
expected results might be obtained. Furthermore there 
were certain organisms, mainly spores and cysts, that 
were able to resist this treatment sufficiently to be car- 
ried through into the treated water. So several im- 
proved techniques have been developed for the use of 
chlorine. 

In simple chlorination there are two factors to be con- 
sidered, the dosage and the contact period. A check 
of these against the bacteriological analyses enable the 
operator to determine whether or not his dosage was 
correct at any particular time. Of course, one dif- 
ficulty was the period of 48 to 72 hours between the 
taking of a sample and the report of the bacteriological 
analysis. So the operator had to build up an experi- 
ence which would help him to modify tentatively the 
dose of chlorine until he could have the benefit of 
analyses showing the effect of the change. 

An indispensable adjunct to chlorine control is the 
ortho-tolidine test for chlorine in water. Briefly, if 
water containing chloriné is treated with an acidified 
solution of ortho-tolidine, a greenish yellow color is 
produced, the depth of which is directly dependent 
upon the amount of chlorine present. 

Certain chlorinous tastes in treated water are due 
to compounds formed by the action of chlorine on vari- 
ous substances which may occur in the water. A typi- 
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cal example is the combination of chlorine and certain 
phenolic products to form chlorophenols, compounds 
with strong chlorine, or medicinal, tastes and odors. 
To control these ammonia in very small quantities is 
added to water before chlorination. The chlorine re- 
acts with the ammonia rather than with phenolic or 
other organic taste-and-odor-producing substances. 
The chloramine thus formed is tasteless and odorless, 
but its disinfecting value is less than that of chlorine, 
requiring larger doses of chlorine and longer contact 
periods. 

In another method of using chlorine, called super- 
chlorination, the water is treated with much larger 
doses of chlorine than are used in conventional prac- 
tice, and after a sufficient contact period the excess 
chlorine is removed by a dechlorinating agent such as 
sulfur dioxide or sodium thiosulfate. This technique 
is said to produce a better bacterial kill and better 
control of tastes and odors. 

The knowledge gained through the use of the tech- 
niques described, particularly reactions between chlo- 
rine and ammonia in various amounts, has led to further 
research and the recent development of the “break 
point” chlorination method. In this method a suffi- 
cient amount of chlorine is added so that at the end of 
the contact period there will still be present in the water 
a small amount of free, uncombined chlorine, in addi- 
tion to the combined chlorine. At this dosage the 
tastes and odors will be at the lowest. This method is 
the most exact yet developed and takes into considera- 
tion the amount of free ammonia present, the pH value, 
the color, and alkalinity. By its use the bacterial con- 
tent is much reduced over that obtained by some of the 
former methods and the results are more uniform. 
The optimum final pH range for this procedure is be- 
tween 6.5 and 8.5. 

By the use of these various techniques of chlorina- 
tion, preceded by filtration, we can attain our first ob- 
jective, asafe water. Thisis nicely shown by a compari- 
son of typhoid fever death rates for the past fifty years. 
Fifty years ago about one person in two hundred died 
of typhoid; now the rate is about one in two hundred 
thousand. 

The second objective, control of color and turbidity, 
is not generally very difficult. Color and turbidity are 
controlled by coagulation and filtration, as described 
above. A proper dosage of coagulant and a controlled 
pH and alkalinity are the main requisites for color 
removal. Some color is also removed by chlorine when 
large doses are used. 


TASTE AND ODOR 


Now we may proceed to our third objective—taste 
and odor control—which has already been considered 
in connection with the use of chlorine. If we discount 
tastes or odors due to specific trade wastes, which would 
require special studies and treatments, then the odors 
produced by essential oils from the green and blue- 
green algae present the principal problem. The first 
step in combatting algal odors and tastes is to destroy 
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the algae themselves in the raw, untreated water by the 
application of copper sulfate or chlorine. Copper is 
much more commonly used. If, after treating with 
copper, the water still has some objectionable odor it 
probably may be removed by activated carbon. 

Activated carbon is also sometimes spread over the 
surface of the water in open reservoirs to produce a so- 
called “blackout,” thus cutting off the light which the 
algae require. 

Chlorine dioxide has also been used recently for taste 
and odor control. When sodium chlorite became com- 
mercially available it was possible to make chlorine 
dioxide by treating the sodium chlorite with chlorine 
gas at the point of application. The chlorine dioxide 
has a very high oxidizing power and is very useful in 
removing tastes caused by chlorophenols, but probably 
not as useful for tastes and odors produced by algae. 
Its use does not eliminate the necessity for using chlo- 
rine. In spite of its high oxidizing power it does not 
appear to be very efficient as a disinfectant, chlorine 
still being necessary for that purpose. 

Ozone is also an effective disinfectant, leaves no 
chlorinous tastes, has high oxidizing ability, and pro- 
duces good quality water. Itis, however, very unstable 
and cannot be stored. This necessitates generating the 
ozone at the point of application, which is costly. The 
cost has probably mitigated against its use to any great 
extent, although at the present time there is at least one 
municipal plant in construction and some smaller plants 
in operation. 


CORROSION 


Finally we will consider our fourth objective—the 
control of corrosion, which is important not only to the 
individual consumer but also to the waterworks, be- 
cause probably more than half of their total investment 
is in the underground piping, which is of course subject 
to corrosion. 

To date the most commonly employed methods of 
controlling corrosion are the control of pH and the use 
of some protective coating on the surface of the pipe, 
both inside and out. This may be nothing more than a 
tar coating, or it may be the lining with bitumastic or 
with the very homogeneous and hard‘lining of cement. 
The pH of the water is carefully controlled and main- 
tained. at the-caleium equilibrium, so called, which is 
that point where the water is so nearly saturated with 
lime that more lime would not dissolve, but less lime 
would leave the water still slightly aggressive. Soda 
ash or calcium carbonate can be substituted for lime. 
Small amounts of sodium hexametaphosphate are’ also 
used continuously to produce a tough, thin coating on 
the inside of the pipe and thus protect it from the ac- 
tion of the corrosive elements in the water. 


REFERENCES 


(1) Srem, M. F., “Water Purification Plants and Their 
Operation,” John Wiley & Sons, New York, 1926. 

(2) ‘Taste and Odor Control in Water Purification.” Pub- 
lished by the Industrial Chemical Sales Company. 

(8) “J. New Engl. Water Works Assoc., Dec., 1947. Pub- 





404 


lished by the New England Water Works Association. 
(4) Cast Iron Pipe News, January, 1948. Published by the 


JOURNAL OF CHEMICAL EDUCATION 


Cast Iron Pipe Research Association. 
(5) The American City Magazine, January, 1948. 


TENTH SUMMER CONFERENCE 
University of Maine, Orono, Maine, August 22-28, 1948 





PROGRAM 
gs 
W 
Monpay EveENING James 8. Coues, Brown University F 
Motion pictures Tuurspay AFTERNOON 
Address of welcome, Irwin B. Douglass, University of Maine Symposium: ‘Correlation of Secondary School and College 
“What’s Wrong with College Teaching,” Coartes A. Kravs, Chemistry Courses” As 
Brown University ‘‘What I Wish I Could Count On,” Wiuu1aM F. Exret, New bo 
Tvespay Mornine York University, Freprric B. Dutton, Michigan State ty] 
“New Atom Smashing Machines” ° College, Stuart R. BRINKLEY, Yale University _ pre 
“Uses of Tracer Isotopes,” Joun W. IRvINE, JR., Massachu- Why Do You Repeat So Much?” Joun C. Hosa, Phillips ‘ 
setts Institute of Technology Exeter Academy, Ratrpn E. Kerrsteap, Bulkeley High stil 
A School (Hartford), Dorotuy W. Grirrorp, Lincoln School. an 
TUESDAY AFTERNOON © bee ot ng bie “Why Don’t We Get Together?” sta 
Ww orkshop and — box: Nucleonics in High-School and Toeensnast Maes of | 
College Chemistry Courses Information Please—College vs. Secondary School Teams, tion 
Tuespay EvENING Stuart R. Brinkuey, Yale University, Witt1aM F. Enret, tak 
Motion pictures New York University, and Laurence L. Quiuu, Michigan tex! 
“The Brookhaven Laboratories,” Les F. Nims, Brookhaven State College, vs. Joun C. Hoga, Phillips Exeter Academy, cen 
Laboratories and Yale University Expert C. Weaver, Phillips Andover Academy, Raupu E. it b 
a KerrstEaD, Bulkeley High School (Hartford). — 
“The Newly Discovered Elements and Their Places in the FRIpAY Mornine taal 
Periodic Table,” Laurence L. Quiiu, Michigan State Col- “Reaction Rates and Catalysis,” SamueL GiassTong, Boston I 
lege ‘Is Inorganic Chemistry Being Neglected?” College seps 
WEDNESDAY AFTERNOON Pemat Ayeenens C 
Pienic ? ie te ‘Some Interesting Facts About Paper,” JOHN L. Parsons, Hyc 
a Hollingsworth and Whitney Co., Waterville, Maine vou 
WebNEspvAY EVENING Workshop: ‘Recent Innovations in General Chemistry page 
“The Antimalarial Drug Progam and Recent Syntheses of Teaching,” Plant trips nal 
Effective Drugs,” Mary L. Suerrttt, Mt. Holyoke College Fray Evenine AND Saturpay MorNING pe 
THurRspay MoRNING Open tion 
“The Early Identification of Science-Talented Youth for The Summer Conference is open to all interested persons. with 
Chemistry as a Profession,” Morris Metster, Bronx High Anyone who is interested in attending should write to the secre- auto 
School of Science tary of the Summer Conference Committee, Mr. Paul F. Stock- carb 
“The Proposed Chemistry Curriculum at Brown University,” well, 40 Prospect St., Brattleboro, Vermont. good 
nesit 
teria 
actio 
CI 
| 4 book 
some 
The 
To 
mate 
CIVIL SERVICE EXAMINATIONS pe: 
The U.S. Civil Service Commission has announced an examination for filling Chemist posi- Te 
tions at $3397 to $5905 a year. The positions are in the National Bureau of Standards and tones 
other Federal agencies in Washington, D. C., and vicinity. A limited number of vacancies in : datio 
positions of Chemist (Nutrition Study) in the Public Health Service, located throughout the abnot 
country, will also be filled. : meth; 
No written test will be given. Applicants will be rated on the basis of the training and ex- addec 
perience described in their applications. To qualify, applicants must have (a) completed a 4-year Ch 
college course leading to a bachelor’s degree in chemistry or (b) completed courses in chemistry res 


totaling at least 30 semester hours and had appropriate experience or education which, when com- 4 
bined with the 30 semester hours in chemistry, will total 4 years of education and experience. In Chi 


addition to meeting this basic requirement, applicants must have had from 1 to 4 years of pro- by 6) 
fessional experience in chemistry. Graduate study may be substituted for as much as two years the re 
of the professional experience. organ 
Further information and application forms may be secured at most first- and second-class — 
-sters, 


post offices, from Civil Service regional offices, or from the U. 8S. Civil Service Commission, Wash- 
ington 25, D.C. Applications must be received in the Commission’s Washington office not later arylar 
than December 31, 1948. Adc 


means 








ege 


ate 


lips 
igh 
ol. 


ms, 
ET, 
yan 
ny, 


pon 


NS, 


ns. 
re- 


ok- 








% REACTIONS OF ORGANIC COMPOUNDS 


W. J. Hickinbottom, Reader in Organic Chemistry, Queen Mary 
College, University of London. Second edition. Longmans, 
Green & Co., London, 1948. x + 480 pp. 16 X 25cm. $6. 


TuE first edition of Dr. Hickinbottom’s book appeared in 1936. 
As described in the preface to the first edition the object of the 
book is to “present a comprehensive account of the reactions of 
typical groups essentially from the point of view of laboratory 
practice.” This object is admirably achieved. 

The second edition contains no new chapters, 7. e., there are 
still eleven chapters dealing with the reactions of typical groups, 
and a 20-page appendix on the identification of organic sub- 
stances. However, most of the chapters have been revised, some 
of them extensively. Very little of the material of the first edi- 
tion has been omitted from the second. Where alterations have 
taken place they have been either in the form of rewriting the old 
text or in the form of writing into the old text some of the more re- 
cent developments and references, or in both these forms. Thus 
it happens that whereas comparison of the number of pages in 
each edition indicates an increase of only 33 pages in the second, 
this edition really contains approximately 50 pages of new ma- 
terial. 

It is perhaps expedient to deal with each chapter of the book 
separately. 

Chapter 1 (Paraffinic, Naphthenic, Olefinic, and Acetylenic 
Hydrocarbons) is that chapter which has undergone the greatest 
revision, the added material amounting to approximately 20 
pages. Acylation and vapor phase nitration of alkanes have been 
included, and the dehydrogenation of cycloalkanes considerably 
enlarged. The section dealing with the formation and prepara- 
tion of glycols from olefins has been revised and brought into line 
with recent developments in the fields of both oxidation and 
autoxidation. Halogenation of olefins and the introduction of 
carbonyl and hydroxyl groups into olefins have also been given 
good space. In the section on acetylenes new inclusions are mag- 
nesium derivatives, oxidative fission, an extension of the ma- 
terial on sodium acetylides, and some miscellaneous addition re- 
actions. 

Chapter 2 has little change. At the end of each chapter in this 
book there are comprehensive tables of physical properties and 
some of the characteristic reactions of individual compounds. 
The tables for Chapter 2 have been much enlarged. 

To Chapter 3 (Hydroxy Compounds) have been added approxi- 
mately 7 pages of new material, the largest additions being in the 
rearrangement of alcohols during dehydration, and the special re- 
actions of glycols. 

Ten pages have been added to Chapter 4 (Aldehydes and Ke- 
tones), mainly on the reactions of ketones, and including oxi- 
dation, condensation with cyanoacetic ester and cyanoacetamide, 
abnormal reactions with Grignard reagents, reaction with diazo- 
methane. Various types of reduction of aldehydes have also been 
added. : 

Chapters 5, 7, and 8, on Carboxylic Acids, Amines, and Nitro- 
and Nitroso-compounds, respectively, have undergone very little 
change. 

Chapter 6 (Derivatives of Carboxylic Acids) has been increased 
by 6 pages of additional material, the largest additions being on 
the reaction of Grignard reagents with esters, and the reaction of 
organometallic compounds with acid chlorides. Other additions 
are to the reduction and alkylation of nitriles, condensations of 
esters, preparation of amines, and nitroso derivatives of acyl 

arylamines. ‘ 

Additions to Chapter 9 (Azo- and Diazo-compounds) comprise 
means of replacing the diazonium group by hydrogen, formation 
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of diaryls, the preparation of aryl halides, and preparation and 
rearrangement of diazoketones. 

The additions to Chapter 10 (Halogen Compounds) total 3 
pages and concern mainly the preparations of organolithium com- 
pounds and the reaction of organolithium and organosodium com- 
pounds with alkyl] halides. , 

The only addition to Chapter 11 (Sulfonic and Sulfinic 
Acids, Sulfones and Sulfoxides) is half a page on the reaction 
of sulfonic esters with Grignard reagents. 

There appears to be an inadequate number of recent key refer-- 
ences. Also, unfortunately, a few errors in the first edition have 
been carried over to the second. Despite these shortcomings, 
however, the book is warmly recommended. 


HENRY J. SHINE 
HENRY GILMAN 
Iowa StTaTE CoLieGe 
Ames, Iowa 


9 FLAMEPROOFING TEXTILE FABRICS 


Robert W. Little, Editor. Reinhold Publishing Corp., New York, 
1947. No. 104 of the American Chemical Society Monograph 
Series. xix + 410 pp. 81 figs. 92 tables. 16 X 23.5 cm. 
$6.75. 


THis monograph was based primarily on the results of Project. 
Q. M. C. Number 27 of the National Research Council, National 
Academy of Sciences. An editorial board of five men was re- 
sponsible for editorial work on the book, with the author serving 
as editor-in-chief of the board. A group of 17 contributors were 
responsible for certain signed portions of the book, with the author 
responsible for a greater portion of the work than any other con- 
tributor. 

The book deals with: . definitions of flameproofing and related 
terms; the chemistry of cellulose and of cellulose degradation 
products; the mechanism of flameproofing, including various 
types of theories of the prevention of afterflaming and afterglow; 
test methods for evaluation of flameproofing, including flame 
tests, fabric strength tests, laboratory and field leaching tests, 
laundering tests, sea water resistance, perspiration resistance, 
moisture vapor permeability, surveillance and tendering tests, 
physiological heat load tests, wear tests, toxicity tests, and _re- 
lated tests (tests for water repellency and mildew repellency); 
general flameproofing processes for the treatment of cotton fab- 
rics, including temporary and durable treatments of different 
chemical types; applications of. flameproofing to army clothing, 
to military equipage, and to .civilian fabrics. 

The book provides excellent reference material for those major- 
ing in textile chemistry, and:,parts would serve as stimulating 
reading matter for the general chemistry student interested in the 
application of this science to practical problems. 


PAULINE BEERY MACK 
PENNSYLVANIA STATE COLLEGE 
Strate CoLLece, PENNSYLVANIA 


e PLASTICS DICTIONARY 


Thomas A. Dickinson, West Coast Editor. The Modern Indus- 
trial Press, New York, 1948.: xiii + 312 pp. 22 X 15cm. $5.. 


Tuis is a reference manual of approximately 3500 terms relat- 
ing to materials, processes, and products of the plastics industry. 
Common terms and trade names are about equally represented. 
A number of terms are illustrated by means of line drawings: 
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(e. g., hobbing, injection molding); structural formulas are given 
for many organic compounds and products which provide the 
chemical basis for this industry. Charts of fillers (3 pages), pig- 
ments (11 pages), plasticizers (12 pages), and solvents (18 pages), 
are also included here for convenient reference. A rather com- 
prehensive list of books and magazines covering the field of plas- 
tics is provided. 

This dictionary will be useful to those concerned with the 
technology of plastics, and will perhaps serve an even greater 
need for the nontechnical executives and personnel in the plastics 
industry. The physical make-up and typography of the book 
are excellent. The definitions are clear and in simple language; 
many cross references to related terms are given. 


HARVEY A. NEVILLE 
LexicH UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 


& MICROMERITICS—The Technology of Fine Particles 


J. M. Dallavalle. Second edition. Pitman Publishing Corp., 
New York, 1947. xxviii + 555 pp. 131 figs. 88 tables. 
16 X 24mm. $8.50. 


Tus valuable book, the only one of its kind, is devoted to the 
science and technology of fine particulate matter. It is now in its 
second edition and has been considerably improved by the inclu- 
sion of chapters on the behavior of particles under pressure, dif- 
fusion of particles, surface properties of particles, dust clouds, and 
sampling. 

The material can be logically divided into five sections: 

I. Nine chapters are devoted to the classification and physical 
and chemical properties of particles. Here such matters as the 
dynamics of small particles in a fluid; shape and size distributions; 
methods of particle size measurement; theory of sieving and 
grading; electrical, optical, and sonic properties; and physical 
and chemical properties of surfaces are treated with considerable 
thoroughness. It is difficult for the reviewer to understand why 
the electron microscope and its techniques were not included in 
this book. It would have made available much pertinent infor- 
mation and avoided the erroneous conclusion that particles in the 
smallest range tend to be spherical. Since the range that this 
treatment covers goes down to only 0.1 micron, ample evidence 
contrary to this statement could have been found on the clay 
minerals, smoke and dust particles, etc. 

The simple but important relationship that the surface area of 
a particle with flat or convex surfaces is four times the mean 
projected area was overlooked. 

In the treatment of surface area determination by flow of 
fluids through a powder, the important contributions of Sullivan 
and Hertel (1940-41) were omitted. 

II. The second natural grouping of subjects is that of the 
thermodynamics of particulate matter and flow of fluids through 
it. Here the treatment covers behavior of particles in a nonuni- 
form heat field; flow of heat through granular media; flow of 
fluids through packings; and. capillarity. A large amount of 
useful information is assembled in this section. Some important 
studies have been overlooked, however. For example, the only 
data cn the relationship between particle size and thermal proper- 
ties given are those of Patten (1909). Inclusion of data by 
Kannuluik and Martin (1933) would have. been welcome. 

On the subject of heat transfer, considerable space is given to 
the work of Furnas and of Colburn but the more recent and more 
reliable theoretical and experimental work of Schumann (1929), 
Saunders and Ford (1940), and Gamson, Thodos, and Hougen 
(1943) are not included. 

III. Four chapters are devoted to the transport of particles by 
water and air as muds and slurries, silt, dust clouds, etc. Here 
valuable information is to be found on the diffusion of dust and 
smoke by turbulence. Also, very interesting information is in- 
cluded on transport of loess and formation and migration of sand 
dunes. More information on the dynamics of mud transport 


such as occurs during heavy storms in the arid Southwest would 
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have been interesting. Also, a treatment of quicksands and the 
phenomena of dilatancy should be included for completeness. 

IV. The chapter on the theory of fine grinding is of definite 
industrial importance. 

V. Two chapters have been devoted to the collection and 
separation of particulate matter from air and to sampling. 

This book is unique in its field and can be highly recommended 
as a reference book for engineers and students, and perhaps as a 
textbook in certain specialized courses not now widely included in 
university curricula but to be recommended. 

The reviewer feels that the value of the book would have been 
enhanced by more qualitative treatment and inclusion of illustra- 
tive material. In the presentation of many of the subjects 
covered, the approach has frequently been too rigid and mathe- 
matical in view of the limited extent to which mathematics can 
be used to describe the qualitative phenomena. Qualitative de- 
scriptions, supplemented by mathematical treatment where that 
is possible, can often give the reader a much better understanding 
of a subject being discussed. 

The subject matter covered in this book is so extensive that it 
would perhaps be desirable to add a second volume in which 
applications are more extensively treated. 


8. S. KISTLER 
Norton Company 
Worcester, MASSACHUSETTS 


© INDUSTRIAL WEIGHING 


Douglas M. Considine, chemical engineer. Reinhold Pub- 
lishing Corp., New York, 1948. ix +553 pp. 306 figs. 15 x 
23 cm. 


Tuts book, a unit in the publishers series, Modern Library of 
Chemical Engineering, is divided into two parts: (1) scale design, 
construction and operation, 211 pages; and (2) scales in the 
industries, 270 pages; followed by a glossary of scale terms, 55 
pages. 

This book is of the practical and descriptive type. It does 
not distinguish between scales that determine mass and those 
that determine weight. The second part is descriptive of the 
various uses for different types of scales in a variety of industries. 
It has a large number of pictures showing such weighing opera- 
tions, including 73 pictures of an individual weighing something, 
as pig iron, a live hog, frankfurters. 


KENNETH A. KOBE 
University or Texas 
Austin, TExas 


€ FRONTIERS IN CHEMISTRY, VOLUME V. CHEMICAL 
ARCHITECTURE 


R. E. Burk and Oliver Grummitt, Editors. Published under the 
auspices of Western Reserve University. Interscience Publishers, 
Inc., New York, 1948. xiii + 202 pp. 16 X 23cm. $4.50. 


Volume 5 of this series is up to the high standard set by the 
earlier volumes. The six sections include ‘‘Applications of Mo- 
lecular Geometry in the Field of Reaction Mechanism” by Hugh 
S. Taylor; ‘‘Dipole Moment, Resonance and Molecular Struc- 
ture” by Charles P. Smyth; ‘Structure of Coordination Com- 
pounds” by W. Conard Fernelius; ‘X-ray Studies of Random- 
ness in Various Materials” by B. E. Warren; “Light Scattering 
in Polymer Solutions” by H. Mark; and “The Nature of In- 
organic Gels” by Miroslav Tamele. 

The articles by Smyth, Fernelius, and Mark are exceptionally 
comprehensive and well done; the remainder are somewhat super- 
ficial, though none the less stimulating. Your reviewer found 
Tamele’s article on inorganic gels to be particularly rich in ideas 
for research. 

There is no question that this sort of thing is valuable reading 
for all chemists. The only real problem is why should we have 
to pay $4.50 for chemical literature which is useful but at best 
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transitory? . This is not written in criticism of the publisher to 
whom American chemistry is greatly indebted for his vigorous 
policies. The criticism is toward the American Chemical Society, 
whose moribund publishing policy makes it virtually impossible 
to bring this kind of work before its membership. For $4.50 per 
year the Society should be able to bring to its members from 
three to six volumes of 200 pages each. It is a disgrace to the 
Society that it has not a single journal where any article of the 
splendid type contained in this book could be published. 


P. W. SELWOOD 
NORTHWESTERN UNIVERSITY 
Evanston, ILLINOIS 


THE CHEMISTRY OF THE ACETYLENIC COMPOUNDS 
a Volume I: The Acetylenic Alcohols 


A. W. Johnson, Edward Arnold and Co., London, and Longmans, 
Green and Co., New York, 1946. xx + 394 pp. 15 X 22cm. 
$9.50. 


Tuis is the first of a series of volumes in which this important 
and fascinating field is to be surveyed in a systematic fashion. 

The scope of the first volume is somewhat wider than might 
be apparent from the title. There is a summary of the reactions 
of vinylacetylenes and an excellent discussion of the acetylenic 
halides as well as certain of the other classes of compounds that 
are directly obtainable from the alcohols. These extra topics 
likely are those that seemed to the author to bear a particularly 
close relationship to the chemistry of the acetylenic carbinols. 
A whole appendix is devoted to the chemistry of the rubrenes 
(naphthacenes): their formation directly and indirectly from 
acetylenic carbinols, the elucidation of their structure, and their 
peculiar reaction to absorb oxygen upon irradiation and to release 
it with an emission of light when the resulting oxide is heated. 
Another appendix covers ‘‘Applications of the Reactions of the 
Acetylenic Carbinols in the Sex Hormone Series,” stressing par- 
ticularly the conversion of compounds of the androstane series 
to those of the pregnane series. 

The writing is reasonably lucid and readable, and the dis- 
cussion is frequently critical and interpretive rather than merely 
enumerative. The author’s persistent use of the carbinol system 
of nomenclature is perhaps confusing, and surely will be annoying 
to those who feel that it is high time that this system be largely 
abandoned. The author states that dimethyl ethinyl carbinol 
is more convenient than 2-methyl-3-butin-2-ol and methyl 
ethyl(vinylethinyl)carbinol more conveninent than 3-methyl- 
6-hepten-4-in-3-0l. Many will disagree. Furthermore, taking 
the stand that carbinols ‘“‘which do not conform to the general 
formula, RR’C(OH)C:CR (where the Rs may also be hydrogen 
atoms), are best described by a systematic (i. e., I. U. C.) nomen- 
clature,” has resulted in a strange and unnecessarily perplexing 
mixture of I. U. C. and carbinol nomenclature. Excellent 
summarizing statements are made occasionally which aid tre- 
mendously in comprehending the significance of the mass of data 
presented. The critical and discriminating comments, inter- 
pretations, and recommendations offered in certain sections leave 
little doubt of the author’s personal knowledge and experience 
in these portions of the field. Other sections are less critical, 
some being little more than brief summaries of the published 
information and a few being confined to citations of the pertinent 
literature without any statement whatsoever. Such variations 
in the degree of critical treatment afforded different phases of a 
subject are doubtless unavoidable when a review of the pro- 
jected scope of this one is undertaken by an individual. They 
seem not to detract seriously from the usefulness of the book. 

The coverage of the literature appears to be thorough. It is 
impossible, of course, for anyone to judge really adequately the. 
thoroughness of the coverage unless he also has systematically 
searched the literature on the subject. The implications are 
clear, however, that the author has done his job well. Probably, 
little information published prior to 1944 has been overlooked. 
The author pointedly calls attention to the fact that certain of the 
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important early Russian papers cited were abstracted neither in 
Chemical Abstracts nor British Chemical Abstracts, although they 
usually were covered in the abstracts published in the Bulletin 
de la Societé Chimique de France. The text is minutely docu- 
mented, as would be expected in a work of this character, but the 
method of listing the references is both wasteful of space and in- 
convenient for the reader. The references are scattered in 23 
places throughout the book, the lists varying from one reference 
to several hundred numbered items, with items in many cases 
consisting of several references. The resulting duplication is 
increased still further by listing in most references only a specific 
page within the paper, thereby sometimes necessitating even 
within a single list more than one reference to the same paper. 
The exactness of the citation is often helpful but a less wasteful 
method of specific page citation could have been used. The mul- 
tiplicity of lists makes it extremely easy for the reader to look 
ahead too far and consult the wrong one. The literature is cov- 
ered through 1943, but the final appendix (D) consists of a review 
of the literature that appeared from the beginning of 1944 up to the 
end of September, 1945. This review is admittedly not complete, 
however, because many foreign journals of this period were not yet 
available in Great Britain at the time that the manuscript went to 
press. The preceding appendix (C) is an extensive tabulation of 
the physical constants of the acetylenic alcohols. It lists all such 
compounds described before the end of 19438 with the exception 
of those for which no definite physical constants were reported. 
It includes the molecular formulas aad is arranged in order accord- 
ing to the Richter system, so it serves as a formula index to 
practically all the known acetylenic alcohols. Apparently, no 
information published subsequent te January 1, 1944 has been 
included in this tabulation even though many more recent 
papers are discussed in the following appendix. 

There is a wealth of information summarized in this book that 
ought to suggest to anyone many further synthetic uses of these 
interesting and versatile compounds. It may, however, be read 
profitably without any thought of making such direct use of the 
information that it contains. We can but hope that the other 
volumes will be appearing shortly. 


LAWRENCE H. AMUNDSEN 
UNIVERSITY OF CONNECTICUT 
Storrs, ConNECTICUT 


t RESEARCH IN INDUSTRY 


C. C. Furnas, Editor. Director, Cornell Aeronautical Labora- 
tory. D. Van Nostrand Company, Inc., New York, 1948. xii + 
574 pp. 44 figs. 16 tables. 45 photos. 15.5 X 23.5 cm. 
$6.50. 


THE early stages of research consisted of blind groping with- 
out planning or organized thinking—merely satisfying one’s 
“hunches,” curiosity or desire to ‘‘try and see.”” Modern industrial 
research has developed into a very compléx science with its own 
philosophy. Thirty-three members of the Industrial Research 
Institute, Inc., drawing upon their many years of experience, 
have cooperated with Dr. Furnas in preparing this monograph. 
They have well fulfilled their objectives: 


(1) To promote, through the cooperative efforts of its members, 
improved, more economical and more effective tech- 
niques of organization, administration, and operation of 
industrial research. 

(2) To develop and disseminate information as to the organiza- 
tion, administration, and operation of industrial and 
social activity of the nation. 

(3) Tostimulate and develop an understanding of research as a 
force in the economic, industrial and social activity of 
nation. 

(4) To promote high standards in the field of industrial re- 
search. 


Even though chapters were written by different individuals 
there is a well-developed continuity and predetermined outline 
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Each contributor is a successful executive with research experi- 
ence and as a group represents a good cross section of industrial 
research, 

Approximately one-third of the book is devoted to organiza- 
tional problems including chapters on: research laboratory as an 
operating department, development, the director’s job, organiza- 
tion charts, research program, selection of projects, budget, and 
reports. Careful study by top management of the chapters on 
the research director’s job and the research program should 
greatly enhance successful research development. The impor- 
tance of personnel problems is emphasized by devoting seven 
chapters to a thorough analysis. The ultimate success of any 
research program depends upon how well these chapters are 
understood and put into effect by the entire organization. These 
chapters may serve well for self examination by the entire per- 
sonnel from the president to the helpers. 

Two short chapters are devoted to the design, location, and 
construction of the laboratory and the tools of research. The 
steps from the laboratory to the factory, the introduction of new 
products, the by-products of research, and the final evaluation 
of the research results are well discussed. Emphasis is placed 
upon the importance of patent relations, licenses, and royalties. 
The relations with the public, educational institutions and other 
firms are necessary for any successful research organization. A 
timely chapter presents a comparison of the national and indus- 
trial research organizations in a number of European countries 
with similar ones in the United States. The final chapter, Goals 
and Problems for the Future, discusses the important steps to be 
taken to achieve the goal of “better living for more and more 
people.” 

Many references are given for further consideration. Typical 
forms for patents, contracts, agreements, reports, employment 
applications, ‘interview reports, classification of personnel, 
job description, and, organization charts should be beneficial 
for successful organization. 

This book presents a careful analysis of the general field of 
industrial research. It is very suitable as a guide for better 
understanding of what can be expected by industry of research 
and the necessary organization and conditions to produce these 
results. It will be found to be of beneficial help to those engaged 
in, or contemplating, industrial research. 


WILLIAM O. SWAN 
UNIVERSITY OF CHATTANOOGA 
CHATTANOOGA, TENNESSEE 


* THE NATURE OF LIFE. A STUDY OF MUSCLE 


A. Szent-Gyorgyi, Department of Biochemistry, University, 
Budapest. Academic Press, Inc., New York, 1948. 91 pages. 
13.5 X 22cm. 22 figs. 7 plates. $3. 


This small book contains four lectures, prepared at the invi- 
tation of the University of Birmingham and the Massachusetts 
Institute of Technology. It contains a summary of the work of 
A. Szent-Gydérgyi on muscle proteins, extending over a consider- 
able number of years. 

The age-old question of what is “‘life,”’ or more particularly how 
the qualities associated with living matter are acquired, has in- 
terested and baffled everyone who has given serious thought to 
this subject. In the last three or four decades tremendous 
strides have been made in the study of biological processes, but 
so far, no one has been able to say what animates the complex 
assemblage of substances in even the simplest one-cell organism, 
although much is known about the ease with which such an or- 
ganism may become inanimate. 

In order to gain a better ‘‘understanding of the basic and simple 
principles of life,” Szent-Gyérgyi has devoted himself largely to 
the study of the constituents of striated muscle, since its function 
is motion, one of the essential attributes of living matter. The 
colloidal nature of muscle tissue impressed him as a possible de- 
termining factor in its activity. This idea was not new, but what 


” 


distinguishes Szent-Gyérgvi’s work is the fact that he recognized 
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the importance of the so-called structural proteins which differ 
markedly, in properties and function, from the better known 
globular proteins. 

Without going into the details of the experimental procedure, 
structural proteins were shown to contain contractile filaments, 
which are made up of two proteins, myosin, consisting of short 
rods and another, actin, which forms long continuous threads. 
When the two proteins unite the rodlets attach themselves to the 
long sides of the actin threads, forming a new protein “actomyo- 
sin,” which has the property of contractility. Neither myosin 
nor actin alone has this property. If actomyosin, in the form of 
a fine thread, is immersed in boiled muscle juice, the thread shrinks 
so rapidly that it appears to contract. If the shrunken thread is 
immersed in a solution of KCl or NaCl, the thread relaxes and 
swells to its original size. In the second and third lectures of the 
series Szent-Gyérgyi describes and summarizes his work on myo- 
sin, actin, and actomyosin, the results of which have enabled him 
to draw some of the more general conclusions reported. In the 
fourth lecture he discusses the anologies between the behavior of 
actomyosin and muscle fiber. His explanation of the role of 
adenosine triphosphate in actomyosin and muscle activity is ex- 
ceedingly interesting and well worth careful study. 

The author does not pretend to say what “‘life’’ is but he has 
contributed a great deal toward a better understanding of some of 
the processes of living matter. To quote the author, in conclu- 
sion “‘life seems to be concerned with the existence of two levels of 
energy which correspond with two different physical states, and 
the two basic functional states of living matter, rest and activity. 
Elementary happenings seem to take place in the dimensions of 
electrons and their band structures, and all the splendor and 
wealth of living nature is built up of reactions which we might 
hope, some day, to be able to describe with equations of quantum 
mechanics.”’ 

The excellent electron microscope photographs in this book de- 
serve special mention. 


RUTH JOHNSTIN 
HarvARD ScHoou or Pusiic HEALTH 
BROOKLINE, MASSACHUSETTS 


e A CORRELATION OF SOME PHYSICAL PROPERTIES 
OF ALKANES AND ALKENES 


Ralph Chase Huston, Dean of School of Graduate Studies, and 
Professor of Organic Chemistry, Michigan State College. Michi- 
gan State College Press, East Lansing, 1947. vii + 96 pp. 
8 tables. 22 figs. $1.75. 


This brief monograph is an outgrowth of lectures given as a part 
of a course on the relationship of physical properties of hydrocar- 
bons to chemical constitution. The first chapter is devoted to defi- 
nition of the terms used to describe chemical constitution, and 
the second and third to a discussion of intramolecular dispersion, 
relative energy, and coordination of molecules. In subsequent 
chapters the variations of boiling point, molecular volume and sur- 
face tension of the alkanes from C, through Cg, and of the alkenes 
from the C, through Cs, are explained on the basis of differ- 
ences in their chemical constitution. The effects of variations in 
coordination, distortion, contact area, and energy content on the 
three physical properties under consideration are discussed. The 
numerous graphs illustrating the points brought out in the text 
are placed on the pages facing the appropriate part of the discus- 
sion for ready reference. The summary is a clear presentation 
of. the factors affecting each physical property. 

This monograph differs in its approach from the majority of 
publications on correlation of physical properties with structure. 
Most studies on this subject are mathematical formulations on a 
more or less empirical basis in the interest of predicting properties 
of unknown compounds. The present monograph, on the other 
hand, is primarily theoretical in nature, and brings out the basic 
reasons for the variations in properties. Many of the effects are 
quantitatively evaluated for known compounds, but no attempt is 
made to extrapolate the relationships to unknown compounds. 
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The concepts discussed will of course apply to alkanes and alkenes 
not included in this study, and may be used to estimate their 
properties. 

Dr. Huston’s book will be of particular interest to those who 
like to know the reasons behind the regularity of the effects of 
structure on physical properties. This is a most worth-while book. 


GUSTAV EGLOFF 
UNIVERSAL Or, Propucts ComPpANy 
Cuicaao, ILLINOIS 


® A SYSTEM OF GRAPHICS FOR CHEMICAL COM- 
POSITIONS 


Hans A. Reimers. Published by the Dow Chemical Company, 
Midland, Michigan, 1946. vii + 58pp. 15 X 23 cm. 


The author applies a system of graphics described by Lodo- 
chnikov (Chemical Abstracts, 19, 3199 (1926); 22, 2101 (1928) and 
develops a method of representing composition in phase systems 
of n components. Vectors are used as symbols in the form of 
points and lines. The result is an ingenious device that should 
prove useful as a means of plotting data for polycomponent 
systems for which conventional three-dimensional space plots 
are entirely inadequate. The system is not difficult to under- 
stand, but considerable study is involved in mastering its details 
so completely that the information conveyed by these diagrams 
may be grasped on inspection. 


JOHN A. TIMM 
Simmons CoLuEeGE 
Koston, MASSACHUSETTS 


¢ THE LOGIC OF THE SCIENCES AND THE HUMANI- 
TIES 


F. S. C. Northrop, Professor of Philosophy and Law, Yale Uni- 
versity. Macmillan Company, New York, 1947. xiv + 402 pp. 
14 X 2lem. $4.50. 


PuysIcau scientists often regard their scientific methods as su- 
perior to those methods of investigation used by social scientists. 
But let us, however, examine particular instances. The econo- 
mist starts with a postulate or basic assumption that can be ex- 
perimentally verified, and from this postulate derives a theory. 
He claims that the theory is so because it is a logical consequence 
of the experimentally verified postulate. This is quite correct. 
The mathematical physicist, however, often starts with a basic as- 
sumption or postulate which is not subject to experimental veri- 
fication, and from the postulate deduces a theorem. If, then, the 
theorem is experimentally verified, he claims that the basic as- 
sumption was correct. But since there may be other basic as- 
sumptions that lead to the same theory, this kind of reasoning is 
trustworthy only when the theory is not confirmed, and inconclu- 
sive when the theory zs confirmed. 

In spite of this limitation we have great faith in the methods of 
the physical sciences. Wherein, then, lies the power of these 
methods? In part it lies in the insistence on precise technical 
meanings and carefully defined postulates. ‘‘When the basic con- 
cepts by postulation are taught or preached without their precise 
technical meanings and thereby degenerate into a vague, mushy 
intuitive verbalism, as has happened in most contemporary edu- 
cation outside the physical sciences and in much contemporary 
Protestant preaching, the human values of Western Civilization 


evaporate also. Men lose faith in them because men do not know 
with precision what they are.” In this is a warning for the scien- 
tist. 


Henri Poincaré, in his essay on ‘Mathematical Creation’! 
noted that mathematics is not infallible. Suppose, he wrote, that 
we first meet a certain proposition in the conclusion of one syllo- 





1 Translation in “The Autobiography of Science,” F. R. Mout- 
TON, AND J. J. ScHiFFERES, editors, Doran and Company, New 
York, 1945, pp. 510-520. 
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gism, and then later make it the premise of another syllogism. In 
the intervening time we may have forgotten the meaning of the 
proposition, and, although stating it in the same words, attribute 
to it a slightly different meaning. Thus the conclusion of the 
second syllogism will be in error because of an inadvertant vague- 
ness in the statement of the one proposition. 

These are the kinds of questions raised on reading Professor 
Northrop’s book. It is the function of philosophy to examine and 
criticize the presuppositions or assumptions on which each of the 
sciences is based. The term “science” is here used to mean any 
department of knowledge in which the results of investigation 
have been systematized, and includes the social sciences and hu- 
manities as well as the natural sciences. There is no one scien- 
tific method, but many. The particular scientific method, or 
sequence of scientific methods to be used in a given situation is 
defined by the kind of problem, and further by the stage of inquiry 
with respect to the problem. The author considers each method 
in connection with a specific science in which the use of that 
method is appropriate. Not only factual problems, but also 
normative or ethical problems are discussed. 

The first seven chapters formulate the general principles for the 
application of deductive and inductive logic. 

Chapters VIII to XXIV (the final chapter) illustrate the kinds 
of scientific method useful in specific fields as shown by the titles 
of some of these chapters: ‘‘The Method and Theories of Physical 
Science in Their Bearing on Biological Organization”; ‘The 
Functions and Future of Poetry”; ‘The Concept of Probability 
in Quantum Mechanics”; ‘The Method and Limited Predictive 
Power of Classical Economic Science”; ‘The Ideological Prob- 
lems of Social Science’; ‘The Criterion of the Good State’; 
“Philosophical Method and World Peace”; ‘Toward a Bill of 
Rights for the United Nations’; ‘The Physical Sciences, Phil- 
osophy and Human Values”; “The Methods and Grounds of 
Religious Knowledge.” 

This is a book that will raise more questions than it answers. 
But in attempting to answer the questions the chemist will ac- 
quire a better understanding of his own science as well as of other 
kinds of systematic investigation. 


WALTER B. KEIGHTON 
SwARTHMORE COLLEGE 
SwARTHMORE, PENNSYLVANIA 


2 DETOXICATION MECHANISMS 


R. Tecwyn Williams, Senior Lecturer in Biochemistry, Univer- 
sity of Liverpool. John Wiley and Sons, Inc., New York, 1947. 
viii + 288 pp. 33 tables. 14.5 X 22cm. $5.50. 


Tuis volume is a welcome and splendid addition to the growing 
literature of physiological chemistry. The author has assembled 
together in a logical manner the available information on the 
metabolic fate of organic compounds foreign to the body, with the 
view that these data may afford a basis for attempting to predict 
the probable metabolic fate of substances of known structure. 
. In an opening chapter entitled “Introductory and Historical,” 
Dr. Williams classifies and gives a brief account of each of the bio- 
chemical changes which have been grouped under the term, de- 
toxication mechanisms. These include oxidations, reductions, 
and nine synthetic mechanisms, viz., glucuronic acid conjugation, 
ethereal sulfate conjugation, glycine conjugation (hippuric acid 
synthesis), cysteine conjugation (mercapturic acid synthesis), 
ornithine conjugation (ornithuric acid synthesis), glutamine con- 
jugation, acetylation, methylation, and thiocyanate detoxication 
(conversion of cyanides to thiocyanate). The historical section 
of this chapter which follows is a brief and interesting exposition 
of the original work dealing with the discovery of hippuric acid, 
ethereal sulfates, oxidation mechanisms, glucuronic acid conjuga- 
tion, etc. Quotations from the original papers add to the his- 
torical value and interest of the chapter. 

In subsequent chapters, Dr. Williams has covered the metabo- 
lism of aliphatic compounds; cyclohexane derivatives; aromatic 
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hydrocarbons; halogenated aromatic hydrocarbons; phenols; 
aromatic alcohols, ethers, aldehydes, ketones, amides; aromatic 
acids; organic cyanides; aromatic nitro, amino and azo com- 
pounds; sulfones, sulfonic acids, sulfonamides; terpenes, cam- 
phors, heterocyclic compounds; and organic compounds of arsenic. 

The book concludes with a stimulating chapter entitled ‘“Theo- 
retical Considerations and Conclusions,” in which the author dis- 
cusses and evaluates the various hypotheses which have been put 
forward regarding the biological significance of the detoxication 
mechanisms. These are: the chemical defense hypothesis; the 
surface tension hypothesis; and the increased acidity hypothesis. 
The author concludes that each of the three hypotheses is inade- 
quate as a complete explanation of the changes involved during 
the metabolism of foreign organic compounds in the animal body. 
Dr. Williams raises the question whether a unitary theory of de- 
toxication mechanisms is not untenable, and suggests that the 
views expressed by all three hypotheses should probably be com- 
bined to explain the fate of a foreign compound in the body. 

The book includes a valuable bibliography and index. It 
should prove valuable to a broad cross section of the scientific 
population: organic chemists, physiological chemists, physiolo- 
gists, and pharmacologists. 


ABRAHAM WHITE 
Yaue University Scuoou or MEpICcINE 
New Haven, ConneEcTICcCUT 


€ THE SYSTEMATIC IDENTIFICATION OF ORGANIC 
COMPOUNDS 


Ralph L. Shriner, Professor of Organic Chemistry, The State 
University of Iowa, and Reynold C. Fuson, Professor of Organic 
Chemistry, The University of Illinois. John Wiley & Sons, Inc., 
New York, 1948. Third edition. ix +370pp. 23 figs. 14.5 x 
22cm. $4. 


One or the major problems confronting the instructor of a 
course in qualitative organic analysis is the inherent difficulty in 
coordinating lecture and laboratory work. As the laboratory 
work generally requires the identification of a series of unknowns, 
the student needs most of the techniques of qualitative organic 
analysis at his disposal from the very start of the course. It 
seems impossible to cover enough material in the first few lectures 
to insure that’the student will never become lost. Thus hurled 
bodily, first unknown in hand, into a jungle of physical constants, 
solubilities, class reactions, and derivatizations, even the better 
student will sometimes flounder in the early weeks of the course. 

It is obvious that Professors Shriner and Fuson were keenly 
aware of this problem in the third edition of their textbook on 
“The Systematic Identification of Organic Compounds.” The 
central idea in the present revision seems to be the improvement 
of the book as a working tool for the student, and herein success is 
outstanding. The book is reorganized in such a way that the 
average student need seldom wonder where he is or what he should 
next do regarding his unknown. In Chapter II a complete pro- 
gram, a sort of detailed map, indicates a step-by-step approach to 
the characterization of unknowns. Thus by quick reference to 
Chapter II the position of any subsequent procedure is located 
accurately with respect to the over-all process of characterization. 
This reorganization of material into a more logical and useful 
arrangement seems to be the chief improvement in the third 
edition. 

The amount of new material, as opposed to rearranged or 
slightly rewritten material, however, is rather small. The third 
edition is some fifty-eight pages longer than its predecessor, con- 
tains two additional pages of index, and about ninety new refer- 
ences. Less than three-quarters of these are 1941 or later. Over 
sixty per cent of the new references occur in Chapter VIII and re- 
fer to the preparation of new derivatives. It is clear that refer- 
ence to new material in other sections is not extensive. Many 


changes have been made in values of physical constants listed in 
the ‘Tables of Derivatives” (Chapter IX), but the authors have 
made no attempt to incorporate into the tables many of the new 
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types of derivatives which have been developed in recent years, 
The number of compounds for which derivatives and/or physical 
constants are listed remains around 2300, very few additions 
having been made in the present edition. Similarly, the amount 
of new material included in Chapter VII on ‘Application of Classi- 
fication Tests’ is only about one-fifth of the total. Eight new 
procedures are introduced, although several procedures previ- 
ously located elsewhere in the book are now included in this sec- 
tion. The remaining chapters of the book similarly represent re- 
arrangement more than revision and contain very little that is 
new. A useful table of borderline solubilities for different classes 
of compounds has been included in ChapterVI on “Solubility 
Classes.” Chapter IV on the “Determination of Physical Prop- 
erties” is expanded to include discussions of the Fisher-Davidson 
gravitometer and the Nichols refractometer, but is otherwise 
almost unchanged. The review questions at the ends of chapters 
are for the most part revised and seem well selected. One of the 
strong points of earlier editions of this text has been the abun- 
dance of interesting and thought-provoking problems given at the 
end of the book. Students learn a considerable amount of or- 
ganic chemistry by working such problems and it is particularly 
gratifying to see that the number of these problems has been 
doubled. 

It is interesting, though perhaps pointless in view of its general 
excellence, to speculate on how the third edition might have been 
further improved. More extensive theoretical correlation of 
physical constants, solubility, and reactivity with structure might 
have had its point. Numerous generalizations relating structure 
and other phenomena are made, but few theoretical explanations 
are proffered. When such terms as hydrogen-bonding, bond 
energy, electronegativity, negative group, etc., are used, there is 
little explanation of their meaning or general significance. A de- 
tailed chapter on methods of purification would have been most 
desirable. Fractional distillation and vacuum distillation are 
totally neglected as techniques of purification, as are chromato- 
graphic adsorption, sublimation, steam distillation, and extrac- 
tion. Such omissions seem particularly serious in connection 
with a subject where purity of material is paramount. The 
adaptation of experimental procedures to a semimicro scale would 
have been very worth while. By retaining the macro scale the 
authors not only sanction an approach which is slower and less 
efficient, but also fail to familiarize the student with a facet of or- 
ganic technique very useful in research work. 

The format of the third edition is pleasing, and the book seems 
quite free from typographical error. The style of writing remains 
clear, direct, and factual. The number of minor errors or ambi- 
guities is too small to belabor. The present edition of Shriner 
and Fuson’s text insures its continued leadership in the field and 
will be welcomed by the many teachers who are familiar with its 
predecessors. 


WILLIAM A. BONNER 
STranrorp UNIVERSITY 
CALIFORNIA 


© PROTEINS AND AMINO ACIDS IN NUTRITION 


Melville Sahyun, Editor, and Chemist Consultant. Reinhold 
Publishing Corp., New York, 1948. xvi + 566 pp. 29 figs. 
67 tables. 15.5 X 23.5cm. $7.50. 


This is a fascinating book, compiled by a group of distinguished 
experts in various physiological fields, and edited skilfully and 
interestingly. After a brief editorial foreword, and a historical 
introduction by H. B. Lewis, there follows chapters on Proteins 
in Nutrition by E. F. Beach; Biological Utilization of Proteins 
and Protein Requirements by H. H. Mitchell; Caloric, Vitamin 
and Mineral Requirements with Particular Reference to Protein 
Nutrition by H. J. Deuel, Jr.; Economic Aspects of Food Pro- 
teins by L. E. Booher; Nutritive Aspects of Meat and Meat 
Products by. H. R. Kraybill; Amino Acid Requirements of 
Avian Species by H. J. Almquist; Relation of Hormones to 
Protein Metabolism by A. White; Plasma Proteins and Their 
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Relation to Nutrition by M. Sahyun; Protein Deficiency and 
Its Relationship to Nutritional Anemia, Hyproproteinemia, 
Nutritional Edema, and Resistance to Infection by C. P. Berg; 
Protein and Amino Acid Nutrition in Pediatrics and in Preg- 
nancy by 8. Z. Levine; Protein Nutrition in Surgical Patients 
by C. S. Lund and S. M. Levenson; Relation of Fluid and 
Mineral Balance to Protein Metabolism by W. E. Abbott; 
Proteins as Related to Burns by A. Large and C. G. Johnston; 
Protein Nature of Toxins, Antitoxins, and Related Substances 
by E. A. Kabat; and Protein Nature of Filtrable Viruses by 
M. H. Lauffer. Indices relating to the composition of American 
food materials, nutritive values of the edible portions of selected 
foods, and subject matter, complete a monograph of almost 
epic proportions. 

This is a book which will appeal to nutritionists, physiologists, 
clinicians, and protein chemists. The great fundamental im- 
portance of the proteins in biological systems is excellently illus- 
trated, In view of this, it might have been of some interest to 
have included as an introductory chapter some account of protein 
structure and organic and physical properties so as to orient the 
reader toward the class of substances under discussion. It 
would also have been of interest to have presented some material 
such as Paul Cannon has been obtaining on the role of proteins 
in biological growth, as well as some of the recent data on the use 
of isotopes in following various phases of protein metabolism. 

In view of the rich fare offered by this book it would be un- 
gracious to dwell further on possible omissions. The book is 
highly recommended as an informative, lucid presentation of the 
vast literature on protein nutrition and metabolism, and their 
relation to a wide variety of ancillary problems. 


JESSE P. GREENSTEIN 


NATIONAL INSTITUTE OF HEALTH 
BETHESDA, MARYLAND 


e THE INTERPRETATION OF SPECTRA 


William Mayo Venable, Consulting Engineer, Blaw-Knox 
Company, Pittsburgh, Pennsylvania. Reinhold Publishing Com- 
pany, New York, 1948. v+200pp. 73tables. 12figs. 16 X 
23.5cm. $6. 


AN EARLIER book by the author on “The Sub-Atoms. An 
Interpretation of Spectra in Conformity with the Principle of 
Mechanics” was reviewed in Tu1s JoURNAL (J. Cue. Epuc., 
11, 382 (1934)). The review was very unfavorable, as were the 
reviews in other journals at that time. This earlier book was 
published by another reputable publisher. 

Scientific books are generally confined to the publication of 
accepted theories or ideas and journal articles are usually the 
place for presentation of new theories. Because of this practice 
in scientific publications, books presenting unorthodox and un- 
substantiated theories may sabotage the untrained mind which 
may receive such works as the accepted theory of the day. 
There is a moral obligation on the part of scientific book pub- 
lishers to screen and select the manuscripts submitted to them 
in at least an equally critical procedure to that exercised by our 
corresponding scientific journals. 

To the well-trained research worker in the field this book can 
be read without damage to his basic knowledge. The book 
presents a revision and elaboration of the earlier personal develop- 
ment by the author without literature documentation and is not 
recommended for the elementary student. The economist, 
religious worker, and social worker have been from time to time 
subjected to treatises by scientists who, having made their mark in 
science, have turned to “hobby” fields. In this book an elec- 


trical engineer has avoided quantum assumptions and applied . 


“mechanical and electro-magnetic principles commonly used in 
engineering, as in the design of dynamo-electric machinery” to 
the theory of line spectra. 

WALLACE R! BRODE 


U. S. Natrona, Bureau or STANDARDS 
WasuinerTon, D. C. 
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t) POWDER METALLURGY, ITS PHYSICS AND PRO- 
DUCTION 


Paul Schwarzkopf in collaboration with C. C. Goetzel, George 


The Mac- 


Stern, Robert Steinitz, and Warner Leszynski. 
90 tables. 


millan Co., New York, 1947. xii+379pp. 164 figs. 
15 X 24cm. $8. 


WHILE in the words of the author, “This book is not meant to 
be a textbook on powder metallurgy nor a compendium of the 
knowledge on the subject available today,...the book offers a 
variety of both qualitative and quantitative information on the 
subject which is well organized and clearly presented. The sub- 
ject matter is presented in three sections and a supplement. 
“Processing”’ covers the production of metals from powders and in- 
cludes all the steps from the preparation of metal powders to the 
treatment of the finished product. ‘‘Products” describes the 
variety of materials produced and discusses them from the stand- 
point of manufacture, properties, and application. ‘Theoretical 
Principles” is devoted to discussion of the various theoretical 
phases of formation of solid metals from powders and includes 
discussion of nonequilibrium diffusion in the process. A supple- 
ment consisting of a review of the most recent developments at- 
tempts to bring the subject matter up to date of publication. 

There are many illustrations including photographs, photomi- 
crographs, and quantitative, graphical relationships. In all, 591 
literature references are included. 

This book is recommended for technical personnel working in the 
field of powder metallurgy as well as others having a metallurgical 
background. The price ($8) is rather high for a.general library 
reference book. 


M. VAN WINKLE 
UNIVERSITY OF TEXAS 
Austin, TEXAs 


& FUNDAMENTALS IN CHEMICAL PROCESS 
CALCULATIONS 


Otto L. Kowalke, Professor of Chemical Engineering, Univer- 
sity of Wisconsin. Macmillan Co., New York, 1947. x + 158 pp. 
18 tables. 10 figs. 15 X 22cm. $2.80. 


Tue textbook was written for chemical engineering students 
in their second year. Basic fundamentals of chemistry and 
physics required for stoichiometric calculations are presented. 
The book requires only a moderate background of algebra and 
general chemistry. 

The text material is brief but very clearly written. Each 
subject is followed by an illustrated problem and each chapter is 
concluded with a good supply of problems. This small book 
offers 154 problems for solution by the student, most of which 
have direct connection with industrial chemistry. The material 
covered is as follows: 

I. Temperature Scales 
II. Density and Specific Gravity 
III. Pressure and Its Measurement 
IV. Molal Units 
V. Methods of Expressing Compositions of Mixtures and 
Solutions 
VI. Pressure, Volume, Temperature Relations for Gases 
VII. Partial Pressures of Gases and Vapors 
VIII. Material Accounts 
IX. Salts Crystallized from Water Solutions 
X. Silicates and Slags 
XI. Combustion Calculations for Fuels 
XII. Heat Losses in Products of Combustion 


The chapter on pressure and its measurement presents details 
on manometers and calculation of pressure from the readings. 
The discussion of P-V-T relations for gases includes elementary 
use of van der Waals’ equation, reduced conditions and com- 
pressibility factors. Most of the last 60 pages are devoted to 
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material balances. The short last chapter, “Heat Losses in 
Products of Combustion,” defines the heat units and specific 
heats but just touches on the heat balance. 

The book could be used to present this fundamental material 
in the freshman year or the first part of the sophomore year in 
most chemical engineering curricula. Most of the same material 
is presented in our courses in chemistry and physics, so that 
somewhat heavier material can be presented in the latter part 
of the sophomore year. More stress on units and elementary 
dimensional analysis seems desirable. —It is a clear concise little 
book evidently based on experience in teaching elementary chemi- 
cal engineering calculations. 

THOMAS C. DOODY 


Purpve UNIVERSITY 
LAFAYETTE, INDIANA 


& MODERN COLLOIDS: An Introduction to the Physi- 
cal Chemistry of Large Molecules and Small Particles 


Robert B. Dean, Assistant Prof. of Chemistry, University of 
Oregon. D. Van Nostrand Co., New York, 1948. xi + 303 pp. 
5 tables. 97 figs. 16 X 23.5cm. $3.75. 


Tue nature and scope of this book is best given by the titles 
and lengths of the chapters. They are as follows: Introduction, 
8 pages; Methods for Determining the Size and Shape of Col- 
loidal Particles, 29 pages; Liquid Surfaces, 20 pages; Adsorption, 
22 pages; Ionic Adsorption, 16 pages; High Polymers, 19 pages; 
Plastics, Resins and Rubbers, 20 pages; Carbohydrates and 
Proteins, 17 pages; Colloidal Ions, 38 pages; Emulsions and 
Foams, 12 pages; Hydrous Oxides and Silicates, 10 pages; 
Lyophobic Colloids or Suspensions, 19 pages. 

In the preface the author says: ‘whether this book presents 
an adequate survey of colloid chemistry must be determined by 
the reader.”” The reviewer feels that any textbook on colloid 
chemistry that refers in the index to the reviewer as many as 
twelve times and to Freundlich only twice and to Gortner only 
three times, is both incomplete and inadequate. The title 
“Modern Colloids” is a misnomer, as the chapter headings 
listed above show. Many if not most of the colloids referred to 
are ages old. Only the abbreviated and limited approach to the 
subject is modern. It will prove useful to those who are inter- 
ested in an abbreviated approach covering those subjects in- 
dicated in the chapter headings. 

HARRY B. WEISER 


Rice INsTITUTE 
Hovston, Texas 


@ DYNAMIC ASPECTS OF BIOCHEMISTRY 


Ernest Baldwin, University Lecturer in Biochemistry, Cambridge. 
Cambridge University Press. The Macmillan Company, New 
York, 1947. xviii + 457 pp. 34 figs. 14 X 2l cm. 
$4. 


Tuts book is designed for the use of students and readers who 
are already familiar with those aspects of biochemistry that are 
included in a first course in the subject. Thus the chemistry of 
proteins, lipids, and carbohydrates is omitted;- the chemistry 
of digestion and absorption, of blood, and of the other body 
fluids is briefly summarized. As the title suggests, the main 
stress is on the nature and action of enzymes and the chemistry 
of intermediary metabolism. Comparative biochemistry, a sub- 
ject well covered in an earlier book by the same author, is not 
especially stressed; but the distribution of enzymes in plants 
and animals and some aspects of metabolism, such as the dis- 
posal of protein waste products, are presented from the compara- 
tive point of view. To the student of enzyme chemistry, the 
book will be especially valuable because the theory of biocatalytic 
action is given in a broadly fundamental way. In spite of brevity 


27 tables. 
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of treatment the author manages, by the use of tables and other 
devices, to present a wealth of detail about specific enzymes. 
His classification of enzymes is uniquely helpful. 

The ten chapters which constitute the second part of the book 
are devoted to the anabolic and catabolic aspects of intermediary 
metabolism. Dr. Baldwin shows admirable reserve in avoiding 
ex cathedra statements on controversial matters. In rare cages, 
his conclusions are less cautious than might be those of some 
specialists in metabolic research. He has invented a happy 
device for diagraming the interaction of enzymatic and other 
biochemical reactions when they occur in a concurrent, linked 
manner. The energy relations of metabolic changes are presented 
in some cases. The chemistry of a considerable number of com- 
pounds that are not apt to be studied in introductory biochemis- 
try is given. All of Part II will be appreciated by researchers in 
many fields of biology because they will find it helpful in orienting 
themselves in those many aspects of biological phenomena that 
require an understanding of one or another aspect of metabolism. 

Dr. Baldwin’s style of writing is notable for a combination of 
brevity with lucidity. Sentences seem to have been framed with 
care to make every work count and yet leave the author’s intent 
quite clear to the reader. Mathematical expressions, fairly 
prevalent in the book, are well clarified. The bibliography is 
relatively brief but well chosen and includes references to litera- 
ture in which detailed bibliographies are found. 


PHILIP H. MITCHELL 


Brown UNIVERSITY 
PROVIDENCE, RHopE IsLanp 


* NOMOGRAPHY 


Alexander S. Levens, Associate Professor of Mechanical Engi- 
neering, University of California at Berkeley. John Wiley & Sons, 
Inc., New York, 1948. viii + 176 pp. 88 figs. + 29 charts in 
appendix. 15.5 X 23.5cm. $3. 


Tuts book is well adapted for use in a course in nomography, 
with emphasis on the practical design of alignment charts. The 
types of charts are divided according to the form of equation 
which is represented, and a chapter is dévoted to each type. 
Each is illustrated with two or three examples which are worked 
out in great detail, and the design procedure for each type is 
summarized by a concise set of directions. At the end of each 
chapter is a large number of problems applying to engineering, 
physics, and chemistry. A chapter is devoted to the use of 
determinants in designing nomograms, and another chapter 
demonstrates several practical shortcuts. In an appendix are 
29 alignment charts applying to engineering, strength of materials, 
hydraulics, aerodynamics, optics, electronics, and _ statistics. 
These charts are of value in themselves, as well as examples of 
all type forms. 

The book is simply written, with each step of mathematical 
development given in detail. A good choice of symbols was 
made and was used consistently. Elaborate indexes facilitate 
the use of the book as a handbook for designing nomograms, 
each type equation and its corresponding charts being clearly 
indexed. The alignment charts in the appendix are also indexed, 
separately. 

The book is intended to be an elementary exposition of the 
subject, and does not contain chapters on more advanced mate- 
rial. The thoroughness with which the design of individual 
charts is treated leads to more bulk than is usually encountered. 
Very little application of determinants is given, although this 
convenient method might well have served as the basis for the 
whole book. i 

The student who wishes to obtain a working knowledge of 
nomography and the worker who requires a convenient handbook 
on the subject will find this book very useful. 


W. D. KENNEDY 


TENNESSEE EASTMAN CORPORATION 
Kinasport, TENNESSEE 
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Every once in a while we get reminiscent. Long- 
submerged thoughts have a way of boiling up to the 
surface again. 

Browsing through some textbooks on the shelf 
brought to mird again some thoughts which were 
expressed two years ago (THis JouRNAL, 24, 417 
(1946)). I was curious to see what these textbooks 
(of high repute, mind you) had to say about molecules. 
I found the following: 


“All matter consists of molecules in motion.” It is 
bad practice to lift sentences out of their context, and 
this statement is obviously inspired by a consideration 
of the kinetic theory of gases. Consequently, it is a 
half-truth and acceptable’as far as it goes. But it 
tends to go too far, for, while the particles of matter 
are of course in motion there are many cases in which 


it might be better not to call the mode of motion - 


molecular. 


Another book says: ‘Molecules are the particles 
that give character to the different individual types of 
matter. The diamond is hard, sugar is sweet, rubber 
is elastic, and gasoline vaporizes and burns because 
their molecules in some way make them so. 


“A molecule is the smallest particle that would be 
recognized as belonging to a given type of matter... . 
A molecule possesses the chemical properties of the 
given kind of matter . . . but certain physical properties 
(melting point or cleavage, for example) are determined 
by groups of molecules.”’ 


While it does not actually say so, the first part of this 
gives the beginner the impression that molecules them- 
selves may be hard, slippery, sweet, or sour. The list 
of exceptional physical properties should be greatly 
extended; indeed, it is hard to find any physical prop- 
erty which is not a sort of statistical result of many 
molecules. The stated relation of the molecule to 
? chemical properties is perhaps true if we confine our- 
selves to gases (and maybe liquids). But in electrolytes 
and most solids the individual molecule is not solely 
determinative, either because it isn’t there or because 
lattice energies and other factors have an influence on 


‘ 








such chemical properties as thermal stability, for 
instance. 

In another book: ‘The term molecule is used for the 
smallest quantity of a substance that is capable of 
existence.’ In particular: ‘The least quantity of 
sodium chloride which can exist is a single sodium ion 
united with a single chloride ion.’’ One wonders why 
the author bothered to define ‘‘molecule’”’ at all. He 
had already given an excellent description of the situa- 
tion in the NaCl crystal and explained that there is no 
individual pairing of ions. Consequently, he had 
shown that “the smallest quantity of a substance that 
is capable of existence’’ does not (at least in the solid 
NaCl crystal) exist at all! 

I tried hard to find fault with one author’s definition: 
“‘Molecule—the smallest physical unit of a substance.” 
It might be well to add: ‘which has the composition 
of the substance.’’ This addition is really redundant 
if a “substance” has already been defined as a single 
material of uniform and definite composition. In solid 
sodium chloride it would be necessary to put such a 
unit together by taking bits (ions) from here and there; 
consequently no real molecule exists in it. 

The definition would carry us through most diffi- 
culties satisfactorily, until we get far into the field of 
polymers. The composition unit of styrene and poly- 
styrene would require some explanation, and when we 
get to cellulose and its structural unit, CeHi0Os, we 
might need to patch up the definition a little. 

It is of, course futile to argue that our every definition 
must be air-tight; we must often change our minds 
and our ideas, and it is sometimes good pedagogy to 
use a half-truth until we can stand something bigger. 
However, it is always worth watching to see that the 
first impressions we give lead down useful paths rather 
than useless ones. : 

When we think of a molecule we seldom think of its 
relation to the substance; we think of it as an aggrega- 
tion of atoms. We think of the molecule from the 
inside rather than the outside. At least, that is true of 
the organic chemist, who is the chap that handles most 
of the molecules—and does a large part of it on ‘paper! 





The discovery of phosphorus by Henning Brand in 
Hamburg and its preparation by Kunckel and by Boyle 
have been discussed often and at length. Tuts JouRNAL 
has published papers on this topic by Davis! and by 
Weeks.? Accordingly, there has been ample opportu- 
nity to become acquainted with the early history of 
phosphorus. However, the first printed documents re- 
garding this important and successful discovery seem 
never to have been published. The purpose of this 
paper is to fill this gap, at least to the extent of the ma- 
terial available to the present writer. 

During the seventeenth century, in fact as late as the 
time of Davy and Berzelius, light was thought to be an 
imponderable material which united with ponderable 
substances and could be released from such combina- 
tions. Substances that readily set free their fixed light 
material at ordinary or slightly elevated temperatures 
were known as phosphors (Gr. gas light + ¢épw to 
bear). Such light-bearers were of great interest to the 
scientists (natural philosophers) of those times, since 


1 Davis, T. L., Tots JouRNAL, 4, 1105-1113 (1927). 

2 Weeks, M. E., ibid., @, 16-21 (1932); 10, 302-6 (1933). See. 
also her “Discovery of the Elements,” 5th ed., Mack Printing 
Company, Easton, Pennsylvania, 1945, pp. 34-57. 
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they hoped to be able to isolate the light material itself 
from such substances. Glowworms and fireflies, and the 
luminescing organisms in sea water or on decaying flesh 
and wood were, of course, long familiar sights. How- 
ever, the inherent difference between these natural 
phosphors and the so-called Bolognese stones, prepared 
from heavy spar, was quite apparent. Hence, these 
artificial products, which after exposure released the 
absorbed light when placed in the dark, aroused much 
excitement from the time of their discovery at the be- 
ginning of the seventeenth century. A new variety of 
luminescent stones was accidentally discovered in 1674 
at Grosshain, Saxony. It resulted from the strong igni- 
tion of the residue obtained by evaporating a solution of 
chalk in nitric acid. The discoverer, Christoph Adolph 
Balduin, was a member of the Imperial Academy of 
Sciences, and as such received the cognomen Hermes. 
He therefore named his preparation Phosphorus Hermet- 
icus or, alternatively, Magnes Luminaris, because it 





attracted light as a magnet attracts iron particles. In obta 
1675, he issued a booklet {Figure 1) describing this 2001 
phosphor, but did not disclose the method of prepara- § “8°? 
tion. The procedure was published for the first time by | ft! = 
Kunckel in his ‘‘Laboratorium Chymicum.”’ wher 

About this time, at Hamburg, a new phosphor was a 
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Figures 2b, c, d 


obtained by Brand from urine. He sold his product for 
200 reichsthalers to Johann Daniel Krafft, a commercial 
agent from Saxony. The latter exhibited this wonder- 
ful new substance at various courts but did not tell 
where he had obtained it. Consequently, he made it 
appear as though he were the real discoverer. In the 
spring of 1676 he came to Berlin. The scientific author- 


Figure 2e. Page 8 of the Elsholtz Pamphlet 


ity at the court of the Elector of Brandenburg was the 
physician and chemist Johann Sigismund Elsholtz 
(1623-88), see frontispiece. In May, 1676, he had 
printed at Berlin a pamphlet (Figure 2a) in which he 
described what he had seen at the time of Krafft’s visit. 
This is the earliest publication concerning elementary 
phosphorus, but it seems to have been completely for- 
gotten or overlooked since it is never mentioned by 
writers on this subject. Only Kunckel, in a letter to 
Brand (Wittenberg, June 25, 1676) earnestly requesting 
the latter to disclose ‘his method of preparing phos- 
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Figure 4. Plate from Elsholtz ‘‘De Phosphoris’’ 


phorus, states: ‘Krafft and I, although hitherto close 
friends, have almost become enemies over this, because 
he boasted so brazenly at Berlin, and permitted a physi- 
cian to print a pamphlet about it spreading the im- 
pression that the discovery is really Krafft’s. I have 
refuted this.”’ 
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Figure 6. Plate from Cohausen Illustrating Various 
Kinds of Phosphorus 


The Elsholtz pamphlet Figure 2b opens with a de- 
scription ef the previously known phosphors: I, Bologna 
stone; II, Balduin’s phosphor; and III, emerald phos- 
phor. The latter is a green fluorspar which glows in the 
dark when gently warmed. The effect is now known to 
be due to radioactive action, and this is 
the earliest description of the phenome- 
non. Then follows: IV, phosphorus ful- 
gurans, the flashing phosphor. 


JM 


‘All the previously named species of phosphors 
are left far behind by the fourth and most recent, 
for which the name ‘flashing phosphor’ is fitting 
because of its special activity. A doubtless, 
diligent natural philosopher, who from his early 
youth was on intimate terms with Helmont’s son, 
with Tacke, Glauber, Becher, and other noted 
chemists, not only in Europe but also in India,and 
who therefore gained the favor of many princes, 
Johann or Daniel Krafft, who because of public 
affairs is now living in Dresden, and who recently 
on his way back from Holland passed through 
Berlin, showed our gracious Elector in the 
presence of numerous courtiers on last April 24 
(1676) at 9 p.m. a luminescing material, which 
was enclosed in a small, hermetically sealed, 
bulbous glass vessel, and which he himself called 
‘eternal fire.’ For demonstration, he opened the 
glass and placed the substance on dark paper; 
after the candles were removed, it not only lit 
up itself as do the glowworms that fly through 
the air on Summer nights, but to the astonish- 








Figure 5. Frontispiece and Title Page 


ment of the onlookers it also transferred the same 
whitish shimmer to the finger with which it had 
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been rubbed. If anyone had rubbed himself all over with it, his 
whole figure would have shone, as once did that of Moses when 
he came down from Mt. Sinai (if the comparison with such 
sacred matters is permissible here). 

“The next day, the demonstrator again enclosed his material, 
not in the glass bulb but in a small tube of the form and size as 
illustrated, and he closed both ends with Spanish wax. The 
particle, which in the illustration (Figure 2b) is shown outside the 
glass on a saucer at A, resembled, in color and hardness, yellow, 
not quite transparent amber. It remained sticking in the middle 
That same day at dusk he brought 
the particle thus enclosed to my house. In my study, with the 
windows closed, we watched it together for several hours and 
observed that it did not glow as it did the previous day when it 
lay outside of the glass, on the paper, but, on the contrary sent out 
intermittent sparks, like summer lightning without thunder. The 
intervals were brief, about one-quarter of the pulse-beat of the 
artery in the wrist, so that at each pulsation the particle sent out 
quivering flashes, which filled the whole glass, as though it wished 
to push out the wax plugs and was angry at being confined in such 
a small space. This spectacle quite properly greatly astonished 
not only me but also the demonstrator who up to then had never 
seen this ability to spark. 

“The latter came to my home on the third evening to repeat our 
observations, and we noticed that the particle no longer sparked 
on both sides or both ends, but only on one, 7. e., in the direction 
toward B of the illustration. Therefore, I turned that end B, 
which in my hand was pointed toward the west, to the east, ex- 
pecting that the reversed particle would send its flashes of light 
likewise in that direction. It was amazing, however, to see how, 
instead of sparking toward the east, as we expected, it, quite inde- 
pendently and obstinately, threw out its flashes toward the west, 
even though we reversed the tube about one hundred times. 
Owing to the departure of Mr. Krafft, we were unable to make 
further observations at that time. However, still other and 
varied phenomena can be expected from this luminescing and ex- 
tremely wonderful little stone.” 

The next year, on January 29, 1677, Elsholtz gave an 
account of a fifth phosphor. This liquid preparation 
was exhibited by Dr. Martin Weise, Electoral Council- 
lor and Senior Body-physician. After a private show- 


ing to the Elector in the latter’s bedroom, the wonderful 
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Figure 8 


preparation was demonstrated in the doctor’s home the 
next day to invited guests, friends, and colleagues. The 
material was called ignis frigidus, 7. e., cold fire, since it 
glowed but did not burn. 


“Picture a small glass container,with the neck tied shut, and 
containing a liquid, which has stood quietly for several hours so 
that a denser, darker portion has settled out with a lighter, 
clearer layer above. The former has the color of impure sulfur, 
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Figure 10 


the latter is lemon-yellow. As long as the closed container is left 
undisturbed, no flame or gleam is seen, but if the glass is gently 
shaken in a darkened room and the heavier portion mixed with the 
lighter, a circular flame soon appears, which, however, quickly 
vanishes. If at the same time the glass is opened, a vapor is 
exuded which has the odor of garlic and if the movement of the 
opened container should be continued, the vapor would become so 
dense that the whole of the liquid would be consumed. 
“Furthermore, if even a single drop of the shaken liquid is 
allowed to fall into the hollow of the hand, and is rubbed gently 








Figure 11 
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with a finger of the other hand, a bluish flame, similar to that of 
burning alcohol, will suddenly appear in the cupped hand as well 
as on the finger which is rubbing the liquid. . This flame will per- 
sist so long as any of the material remains and all except a small 
residue is consumed. If the material is spread over one’s hair, 
beard, or eyebrows, they will appear to .be in flames but un- 
damaged: hence the name ‘cold fire’ seems to be very appro- 
priate. In addition, this liquid seems not to be ignited by 
ordinary fire, because paper dipped into it did not catch fire, but 
on the contrary, when it was brushed over with the liquid, and 
placed in the dark, it glowed most excellently, as though it were 
actually on fire. This could also be seen at the point where a 
little of the liquid adhered to the thread with which the glass was 
tied shut.” 


This preparation consisted of impure phosphorus, 


whose melting point was lowered below room tempera- ' 


ture by dissolved contaminants, presumably sulfur. 
The supernatant liquid was a water solution of the 
oxidation products. The low purity of the phosphorus 
of those times made it possible to carry out with little 
danger experiments such as those described by Els- 
holtz. 

In 1677, he again described these observations in the 
“Ephemerides der deutschen Naturforscher.” A 
French translation of this account appeared at Paris in 
1678. An extended description was published by 
Elsholtz at Berlin in 1681 (Figure 3). This pamphlet 
contains a plate (Figure 4) which pictures along with 
phosphorus fulgurans, three alleged new varieties: phos- 
phorus stellatus; phosphorus nubilosus; phosphorus 
literatus. Starry phosphorus appears when the burning 
substance spatters. One methed of securing this result 
was to drop a bit of material into a flask containing 
concentrated sulfuric acid and then add water. The 
resultant heat ignited the phosphorus and caused it to 
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be thrown about. The illustration of the so-called 
cloudy variety shows plainly that the phosphorus con- 


tained phosphide, probably calcium phosphide. On - 


contact with water, spontaneously inflammable phos- 
phine was produced and it burned to form the familiar 
and characteristic smoke rings so clearly shown here. 
“Learned phosphorus”’ was the fruit of a joke by Els- 
holtz. Brought up under the influence of the baroque 
school, Elsholtz blackened the bulb of a flask and then 
scratched a design through the coating. If a little 
phosphorus was put into the flask, the pattern became 
visible in the dark. 

J. H. Cohausen’s ‘‘(Lumen Novum Phosphoris Accen- 
sum,” published at Amsterdam, 1708 (Figure 5), con- 
tains a picture of a darkened room where these varieties 
of phosphorus are on display (Figure 6). Tubes con- 
taining sparking phosphorus are shown on both tables; 
liquid phosphorus is in a flask on the floor, to the left. 
A large gilded flask, in the form of an imperial orb, 
hangs from the ceiling. The inscription ‘“Leopoldus” 
refers to the German emperor. On the table to the 
right stands an imperial eagle outlined with luminescent 
colors; a luminous barometer is against the rear wall. 

The first pamphlet by Elsholtz in 1676 was followed 
closely in this same year by “‘Noctiluca constans et per 
vices fulgurans diutissime quaesita, nunc reperta.” 
The author, Georg Caspar Kirchmaier, was Professor of 
Eloquence at the University of Wittenberg. His friend 
Kunckel probably persuaded him to publish this disser- 
tation which contains statements about Brand’s phos- 
phorus. In 1680 Kirchmaier published a more extensive 
treatise, which, however, contained no new observa- 
tions (Figure 7). It consists wholly of a learned com- 
pilation of the extant knowledge about phosphorus to- 
gether with a discussion of the various views concerning 
the nature of light and fire. 

Despite persistent requests, Brand, in the meantime, 
had refused to reveal the secret of the preparation of 
phosphorus to Kunckel. However, the latter, working 
at Wittenberg, discovered for himself how to prepare it 
from urine and other animal and vegetable materials. 
He published in 1678 his boastful “Von dem Phosphoro 
Mirabili, etc.”’ (Figure 8). Though this tract contains 
statements about the properties of his phosphorus prepa- 
rations, the method of preparation is not disclosed. 
There is no doubt that Kunckel, even then, was able to 
make fairly pure phosphorus. He states, among other 
things, that when his purest specimens were burned 
they left an orange-red residue. Hence, he was the first 
to observe the orange-colored modification of phos- 
phorus. In the main, though, he emphasized and ex- 


tolled his phosphorus pills and gave directions for their 
medical use. 


He assigned the privilege of selling them 
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to the Leipsic apothecary Linck. Surely the reason 
that no great harm resulted is that the pills, quite soon 
after their preparation, contained nothing but the non- 
toxic oxidation products of the phosphorus. The earli- 
est really scientific observations of phosphorus were due 
to Robert Boyle. He had learned about this amazing 
material when Krafft exhibited it at the English court. 
Boyle, like Kirchmaier, called it noctiluca. He described 
its preparation from urine in his books, published at 
London in 1682, (Figures 9, 10) and. in German transla- 
tion at Hamburg (Figure 11). Boyle’s papers are writ- 
ten quite in the modern scientific spirit. 
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Figure 13 


The first doctoral dissertation (Figure 12) dealing 
with phosphorus was submitted on November 9, 1688, 
by J. C. Kletwitch to the medical faculty of the Univer- 
sity of Frankfurt. In July, 1759, the licentiate in medi- 
cine, F. J. Kikinger, presented to the niedical faculty of 
the University of Munich, which was then situated in 
Ingolstadt, an inaugural dissertation (Figure 13) on 
English phosphorus. This name came from the fact 
that it was first prepared on a considerable scale in 
England by Gottfried Hanckwitz, a German, and was 
exported from there for commercial purposes. Both of 
these dissertations contain much information concern- 
ing the history of phosphorus. 











e ATOMIC STRUCTURE MODELS, DIAGRAMS, 
CLASSES, AND CODES 


INTRODUCTION 


‘T'ue Atomic Age is correctly named, not because of 
the nuclear fission that the words commonly imply, but 
because of man’s suddenly gained knowledge about ev- 
ery material transformation, in terms of the atomic and 
molecular structures. The nature of water or sand, 
blood, skin, or bone now at last can be understood in 
terms of the ultimate chemical components, the chemi- 
cally indestructible atoms. Molecular structures are 
distinguished for convenience from atomic structures, 
only because they are bound groups of atoms, but the 
distinction is arbitrary and unnecessary here. Mole- 
cules, by strict physical definition, are the smallest 
free-moving particles (gaseous or liquid), and they are 
still called molecules whether these particles contain 
one, two, or a million atoms. 

Now that the man on the street is occasionally asking 
what atoms and molecules are, it is time to reéxamine 
the teaching knowledge relating to these central ob- 
jects of all chemistry. A tremendous amount of recent 
interest has been reported in the growing industrial dif- 
ficulty of usefully classifying and tabulating thousands 
of new chemical compounds, 7. e., molecular structures; 
so it is timely to reconsider what structural properties 
serve best to classify compounds, since properties deter- 
mine uses, and therefore systematic files on properties 
can determine useful scientific information. Punched 
card codes are admirably adapted to this filing task if 
the system is intelligently designed on scientific princi- 
ples that may be revealed in the above considerations; 
and some coding experience based on the use of several 
thousand punched cards will be given later. Pictures 
or diagrams of chemical structures are pertinently re- 
lated to all of the above associated interests, since it is 
inconceivable to think of space-occupying structures 
without being able to draw some sort of picture descrip- 
tion. Progress in the above researches will be greatly 
accelerated by application of systematic, scientifically 
correct structure representations, and some suggestions 
on this tool also will be given later. Finally, realistic 
models of individual atoms are indispensable, since the 
nature of these building units determines the nature of 
everything that is built from them. Therefore, the first 
question requiring logical consideration is, which atomic 


Part I. Which Atomic Model? A 
Challenge to Teachers 


WILLIAM J. WISWESSER 
Willson Products, Inc., Reading, Pennsylvania 


model corresponds most closely to the experimental 
facts, and therefore would be most valuable in all of the 
above? 


WHICH ATOMIC MODEL? 


Ten or twenty years ago, a studious reader in science 
could have “fallen in love’ with the magnificent beauty 
of the Bohr-Rutherford Atomic Theory. It was prop- 
erly regarded as one of the greatest achievements in the 
entire history of human thought and a perfect example 
of cumulative scientific progress. Newton and Dalton 
contributed the idea of indestructible atoms; Joule, 
Maxwell, and Cannizzaro added the realism of “billiard 
ball” molecules; Rutherford revealed the ‘empty 
bubble” nature of these atoms; then Bohr related the 
four prime constants of nature in his dynamic “solar 
system” model. It did not harmonize too well with 
stereochemical knowledge, yet seemed mathematically 
superior to the static “chemical” models of Lewis and 
Langmuir. This Bohr model was further refined by 
Sommerfeld with his elliptical orbits and relativity cor- 
rections, by Landé with his magnetically tilted orbital 
planes, and finally by Bichowsky, Goudsmit, Uhlen- 
beck, and Urey with their electron spin. <A detailed 
account of all these elaborations was given in a previous 
article in Tuts JouRNAL (August, 1945), implying that 
the Atomic Age is truly named because of the vast 
amount of atomic knowledge that we have about our 
everyday material world. 

During the past ten or twenty years, however, a dis- 
criminating reader in this atomic age should have come 
upon many scientific statements and proofs questioning 
the perfection, the application, and even the justifica- 
tion of the Bohr model. A large number of such refer- 
ences were cited in the above-mentioned 1945 summary, 
but perhaps the mistake was made in not sufficiently 
emphasizing the essential nature of certain of these ref- 
erence works for all who profess to have anything to say 
about modern atomic theory. 

Twenty years ago Erwin Schrédinger sounded off the 
growing doubts in a lecture on “Conceptual Models in 
Physics and Their Philosophical Value”’ (later reprinted 
in his “Science and the Human Temperament,” W. W. 
Norton, copyright 1935). His firsthand thoughts are 


worth quoting, since he was awarded the 1933 Nobel 
420 
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Prize for his successful wave-theory account on the con- 
stitution of matter: 


“T believe that every one interested in the progress of research 
into the structure of matter, during the past few decades, must 
occasionally have felt like a suddenly awakened somnambulist, 
taken by surprise in face of the amazingly precise and detailed as- 
sertions which we claim to be able to prove. At such moments 
we are inclined to exclaim: Heavens! Is all that really proved 
and certain?. Do these atoms and electrons, etc., really exist and, 
if so, are they in precisely the configurations we attribute to them? 
Is their existence, as many declare, as definitely guaranteed as the 
objects of my environment which can be touched and handled? 
(pp. 148-9). 

“‘Now, how is it in the case of the atom?.... (p. 152). Let us 
ask then: Can it be maintained that in principle it is possible, . . . 
to infer the revolutions of the electrons as described in Bohr’s 
theory? 

“You know that the answer is in the negative.... Notonly do 
the orbits themselves not obey ‘the ordinary laws of electro-dy- 
namics,’ but the field is also totally different from what might be 
expected. ... 

“Once we have become aware of this state of affairs, the episte- 
mological question: ‘Do the electrons really exist in these orbits 
within the atom?’ is to be answered with a decisive No, unless we 
prefer to say that the putting of the question itself has absolutely 
no meaning. ... Despite the immeasurable progress which we 
owe to Bohr’s theory, I consider it very regrettable that the long 
and successful handling of its models has blunted our theoretical 
delicacy of feeling with reference to such questions. We must not 
hesitate to sharpen it again, lest we may be in too great haste to 
content ourselves with the new theories which are now supplant- 
ing Bohr’s theory, and believe that we have reached the goal 
which indeed is still far away” (pp. 154-5). 


‘Wave Mechanics of the Hydrogen Atom”’ is intro- 
duced with the following reason in Max Born’s excep- 
tionally well-illustrated ‘Restless Universe” (Harper & 
Brothers, copyright 1936): 


“The real reason why the corpuscular idea is not appropriate 
for atoms is this: we are interested in the stationary states which 
correspond to fixed energy values. If an atom has been observed 
to be in such a state, then, according to Heisenberg’s uncertainty 
principle, we cannot observe times with any pretence of accur- 
acy, for if the energy is exactly known, then the error in the time 
measurement may be infinite. Hence the course of the motion in 
time is unobservable, so that we cannot speak of electronic orbits, 
and our films are a little fraudulent. 

“The question where the electron is at a given time must there- 
fore be dropped. On the other hand, the probability that the 
electron is at such and such a point is a determinable quantity; . . 
.. (p. 186). 

“On Bohr’s theory we can give only quite rough estimates of 
the intensity, by calculating the radiation of the revolving elec- 
tron on the classical theory and equating this, according to the 
correspondence principle, with the energy radiated in jumps by 
highly excited quantum states. Quantum mechanics, on the 
other hand, gives exact instructions for the calculation of the in- 
tensities of the spectral lines. ... 

“Here is a decisive superiority of the quantum mechanics over 
the older methods; but a still more important point is that the 
new mechanics forms a logical, self-contained, self-consistent sys- 
tem—which could by no means be said of the old theory—and it 
has accordingly proved capable of consistent generalization 
to atoms with several electrons, and even to general systems with 
an arbitrary number of particles, to molecules, crystals, and met- 
als (p. 197). 

“The reason why we have considered the enumeration of types 
of vibration in such great detail is that on it, as we shall soon see, 
depends the explanation of the fundamental fact of chemistry, 
the periodic table” (p. 193). 
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‘“‘The New Conceptions of Matter” were convincingly 
explained and pictorially illustrated with wave patterns 
seventeen years ago by C. G. Darwin, in a book pub- 
lished under that title (Macmillan, copyright 1931). 
This account is widely regarded as one of the fifty most 
influential books written during the past hundred years. 
While not a text type of reference, it should be on the 
home shelf of every true student of science (where grow- 
ing understandings can be nourished perennially with 
marginal notes and cross references). Since so few 
chemistry teachers seem to be familiar with the present 
importance of these new conceptions, a number of C. G. 
Darwin’s disillusioning yet vastly stimulating state- 
ments are quoted at length. 


“THE STARTING POINT 


‘We are going to make a model of the world that is very dif- 
ferent from that of ordinary life.... (p.9). 

“One consequence must be mentioned of the enormous num- 
bers of the atoms which constitute matter in bulk. This is that 
probabilities become practically certainties. ... Soit came about 
that until the behavior of separate atoms could be studied (and 
this was not before the present century), physical theories could 
be constructed which appeared nearly perfect, in which each atom 
was supposed to behave like a little piece of matter-in-bulk. (p 
13-14). 

“The Principle of Least Action served as the basis of all dynami- 
cal ideas all through the nineteenth century and for the first quar- 
ter of the twentieth, though by that time it had become clear that 
something was wrong. The behavior of atoms would not conform 
strictly to the deductions from the Principle of Least Action. 
This period was a very curious one in the history of physics. A 
great body of doctrine, The Quantum Theory, came into exist- 
ence, which was successful in explaining so many phenomena that 
no one could doubt its validity, and yet all the time it seemed to 
rest on inconsistencies and logical contradictions. There were no 
foundations and yet an enormous and obviously well-built super- 
structure. I shall not, however, describe any of the details of 
what is now called the Old Quantum Theory (which only died 
about 1926) as most of its inconsistencies have been entirely 
cleared up.... (pp. 71-2). 

“The really terrible difficulties of the old quantum theory 
could all have been avoided by a fearless application of the idea 
that the Principle of Least Action is a wave principle. . .. a very 
complete revolution in our ideas of the nature of matter (p. 73). 

“The point of the new outlook is that though we think of a par- 
ticle as associated with the wave, it is impossible to know where 
in the wave it is, and impossible to say exactly how fast it is mov- 
ing.... The product of the uncertainties of position and mo- 
mentum of any particle cannot be brought below a value equal to 
the quantum. This is true for all particles, ‘electrons, protons, 
photons, atoms, and so on. It is the Uncertainty Principle.” (p. 
104) [A natural consequence of wave-packet definitions of 
these particles.] 

“The old particle theory breaks down not because it is incon- 
ceivable to imagine a particle at rest at a definite place, but be- 
cause every method that can be contrived to observe that it is there 
always introduces a disturbing element. The ordinary experi- 
ments with gross matter are made with instruments so designed 
that they do not perceptibly disturb the object measured.... (p. 
108). 

“The description with particles was that of the old quantum 
theory, which had many defects. It is impossible to reconcile 
this crude theory with the wave theory without considerable 
modification, but it is possible to make that modification, and 
still retain the conception of particles in a useful manner.... (p. 
144). 

“The probability of observing the electron-particle at any point 
is proportional to the intensity of the electron-wave there. This 
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is the general rule governing the relation of wave and particle. . . . 
(p. 117). 

“Fig. 24. Modes of Hydrogen Atom. The diagrams show the 
intensity of vibration at each place, and so indicate the probability 
of finding the particle-electron there. Each is supposed to be ro- 
tated about a vertical axis through it scenter” (p. 135). [His 
figure shows atomic patterns for (n, 1, m) equal to (1, 0, 0), (2, 0, 
0), (2, 1, 0), (3, 0, 0), (3, 1, 0), and (3, 2, 0), respectively. ] 

“The principle of quantization was the essential point of the 
(old Bohr) theory, and it had no rational basis, but could be jus- 
tified by its enormous success.’ We can now understand why it 
worked. In free space, the thing which in the wave-aspect was 
the wave-length of the electron became its momentum in the par- 
ticle-aspect. There is a similar correspondence for the motion in 
the atom and it turns out that what in the wave-aspect is the 
number of nodes becomes the angular momentum in the particle- 
aspect. ... it can be verified that if the number of nodes is counted 
and multiplied by the quantum, there results an angular momen- 
tum equal to that of the particle in its orbit. ... The process of 
quantization becomes automatic’’ [since the number of nodes, or 
the exponents in the corresponding wave equations, must be in- 
tegral]. 

“There is an important difference between the wave and the 
particle description suggested by consideration of this wave- 
packet. As long as the electron was a little piece of grit it was 
axiomatic that it could only describe a single orbit. For the wave 
that is not so, since a vibrating system can oscillate simultane- 
ously in a number of its modes. The wave-aspect of an electron 
in an atom is a vibrating system, and so we must admit that the 
electron may be simultaneously in several normal modes. If we 
like slightly to misapply a term borrowed from the particle-aspect 
we may say that in the new quantum theory, as opposed to the 
old, an electron can describe several orbits at the same time. The 
advantage is all on the side of this view, even though many ex- 
periments seem to show that an electron must be in a single orbit.” 
(pp. 1389-41) [In the chemists’ modern theory of valency, all 
molecule-building electrons are assumed to occupy simultaneously 
several atomic orbitals. } 

“ .. for the purpose of gaining physical insight into what is 
happening, I cannot help thinking that a greater insistence on the 
wave-aspect, helped out by a much cruder use of the particle- 
aspect, is the best course” (p. 144). 


The ‘Introduction to Atomic Spectra” by Harvey E. 
White (McGraw-Hill, copyright 1934) contains the best 
set of “electron cloud” or wave pattern pictures ever 
published. In this preeminent reference text on atomic 
models, ‘(Quantum Mechanics” was introduced with 
the following statement (p. 54): 


“While the quantum theory of Planck, as extended to atomic 
structure by Bohr, Sommerfeld, and others, has proved to be of 
inestimable value in the analysis of atomic spectra, other methods 
of representing atomic processes have been developed which are 
in still better agreement with the experimental facts.’”’ (Italics 
ours. ) 


On page 136 White reminds us that two wrongs do 
not ever make a scientific right: 


“The remarkable fact that Sommerfeld’s formula derived from 
the relativity theory alone should give the same result as the 
newer theory, where both relativity and spin are taken into ac- 
count, is a good example of how two incorrect assumptions can 
lead to the correct result. While the number of numerically dif- 
ferent energy levels is the same on both theories, there is an experi- 
mental method for showing that the first theory is not correct 
and that the latter very probably is correct.”’ 


White acknowledges that “close analogies may be 
drawn between the orbits of the earlier quantum theory 
and the _ probability-density-distribution curves of 
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the newer quantum mechanics,” but the greater justi- 
fication for the latter, and its greater analytical power, 
must be emphasized repeatedly. ‘The solutions of 
the Schrédinger wave equation for hydrogen-like atoms 
and for the normal state of helium-like and lithium- 
like atoms have been carried out to a high degree of 
accuracy” (p. 110). 

Above all, it must be remembered that the two 
theories give different results (the old one incorrect), 
no matter how elaborately the particle model is art- 
fully but artificially “restricted.” ‘Taking all things 
into consideration one finds that certain difficulties 
are encountered in attempting to represent the (correct) 
quantum-mechanical formulation of the hydrogen-like 
atom in terms of any one classical model” (p. 74). 
The particle model may be “forced”’ to fit the facts if 
Sommerfeld’s k is replaced by the square root of l(l + 1), 
but it becomes even more enigmatiz to explain why such 
irrationals are needed in a theory about integers! 

“The Objections to the Bohr Atom” were clearly and 
concisely summarized by Samuel Glasstone in the in- 
troductory pages of his ‘“Text-book of Physical Chem- 
istry” (Van Nostrand, copyright 1940, p. 72): 


“Tt is true that the concepts introduced by Bohr have achieved 
remarkable successes in many directions, but there are a number 
of fundamental weaknesses to which attention must be drawn. 
The methods of classical physics are used to determine the path 
of the electron, but these are immediately discarded when the 
existence of stationary levels and quantization of momentum are 
postulated; this inconsistency was only justified by its giving cor- 
rect results. There are, in addition, the points already mentioned: 
first, that the Bohr-Sommerfeld treatment leads to an incorrect 
assignment of azimuthal quantum numbers, and second, that 
the exact definition of position, or orbit, and momentum is con- 
trary to the Heisenberg uncertainty principle, now regarded as 
one of the essentiat foundations of physics. Further, the use of 
planar orbits implies, at least for hydrogen, a flat atom, which ap- 
pears to be contrary to the result of experiment. Apart from 
certain aspects, that need not be considered here, the Bohr theory 
gives a reasonably satisfactory quantitative interpretation of the 
spectra of atomic hydrogen and of ionized helium but it fails 
completely for normal helium. The work of Bohr has brought 
out, however, the essential points of the quantization of momen- 
tum and the existence of definite energy levels, although his pic- 
ture of the atom probably does not represent any physical reality.” 
(Italics ours. ) 


Even the well-informed popular writers acknowledge 
the fundamental falsity of the ‘‘particle-path”’ models. 
Ernest Trattner, writing about ‘‘Architects of Ideas’’ 
in 1938 (reprinted as ‘“The Story of the World’s Great 
Thinkers” by The New Home Library, copyright 
1942), emphasized the truly sensational nature of the 
new theoretical discoveries; his chapter on Dalton 
closes as follows (pp. 96-97) : 


“Taken as a whole, the modern atom was believed to be (up un- 
til a decade ago) a kind of miniature solar system with the center 
(nucleus) corresponding to the sun because it contains practically 
the entire mass of the atom. The outlying planetary electrons 
were pictured as revolving at relatively remote distances in their 
orbits . . . the older planetary view is now undergoing necessary 
modification. ... 

“In 1924 Louis Victor, Prince de Broglie, advanced the hypo- 
thesis that the electron was not a single particle of electricity, but 
that it was composed of, or possessed of, a group of waves similar 
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to those of light. So far have the wave properties of the electron 
been confirmed that an atom is now regarded as a region perme- 
ated by waves. Whether we are to continue to picture the atom 
as a miniature solar system, or as an electrical machine, or in terms 
of wave-like ripples in a bow] of water, the important thing is that 
the atom is here to stay and the fabulous success of recent atomic 
physics has only just begun. 

“Tn less than a century after the labors of Dalton, the atoms he 
loved so well are given a new pictorial dress. No longer are they 
spoken of as the hard ‘brickbats’ or the ‘billiard balls,’ or even 
the ‘foundation stones’ of matter. Impenetrability is gone! In 
its place we have the modern atom with its electron, proton, neu- 
tron, positron, conceived by the cumulative work of J. J. Thom- 
son, Planck, Rutherford, Bohr, de Broglie, Millikan, Heisenberg, 
Schrédinger, Dirac, Compton, Chadwick, Anderson, and‘a whole 
army of youthful investigators who are determined to penetrate 
completely this wonderworld of, the invisible and bring back ele- 
mental forces wherewith to revolutionize man’s existence on 
earth. 

“The outermost frontier is not the atom but the world buried 
deep within the atom. 

‘« *T am of the opinion,’ said Sir William Bragg, ‘that atom en- 
ergy will supply our future needs. A thousand years may pass 
before we can harness the atom, or tomorrow might see us with 
the reins in our hands.’ ”’ 


“The Story of the World’s Great Thinkers’ also 
most appropriately includes the challenge that we 
must not be intellectual cowards about learning and 
teaching these revolutionary principles that ‘strike 
at_ the very roots of science as humanity has known it 
since the days of Galileo and Newton” (p. 160): 


“The purpose of theory is to give us a view of the whole in the 
truest sense of the word. But the new abstruseness is such that 
it leaves the mind of the average man more than a little bewild- 
ered. It is true that the latest advances of science, bound up with 
a terrifying revision of the facts, make our understanding of the 
universe not easier but harder. Yet those who stand on the side- 
lines, and can only touch these subjects with padded fingers, ought 
to rejoice in the challenge of new ideas and not protest against 
them. ‘Men are not animals erect,’ said Francis Bacon, ‘but im- 
mortal gods.’ 

“See how the theorist approaches his facts. He has no ready- 
made scheme in his hands, nor does he attempt to force facts by 
Procrustean torture to conform to an arbitrary situation. He 
does not distort the facts or throw them away in disgust because 
they are too hard. On the contrary, he rejoices in their complex- 
ity; and despite their seemingly incomprehensible bulk and end- 
less detail he finds satisfaction in attacking the problems of the 
universe with man’s growing capacity for penetration.” 


Man’s new-found capacity for self-destruction is an 
urgent warning that we.must stir the American people 
out of their mental apathy and their growing aversion to 
work, or to think. Who but the teachers can do this 
job, and where but in youth is there any hope? . Ameri- 
cans living today should vigilantly treasure their 
democratic inheritance of freedom to think and learn. 
They should use that freedom to realize what a magnifi- 
cent Intellectual Renaissance this present Atomic 
Age is. 

Certainly this collapse of Causality dogma, and this 
wave-particle dualism (or “field theory’’) is shockingly 
strange. The situation is similar to that of the medi- 
eval mathematicians, knowing nothing but the clumsy 
Roman numerals, suddenly discovering the wondeérful 
magic of Arabic numbers, with their simple and unified 
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rules for multiplication and division—soon leading to 
logarithms, transcendentals, and a whole world’ of 
wonder in the theory of numbers. Surely those medi- 
eval scholars also were confused, but which numbers 
did they choose? 

Philosophy and even religious thought have been 
shaken by these newly established discoveries. Alfred 
North Whitehead’s “‘Adventures of Ideas’’ (Macmillan, 
copyright 1933) treats them at length: 


“Modern physics has abandoned the doctrine of Simple Loca- 
tion. The physical things which we term stars, planets, lumps of 
matter, molecules, electrons, protons, quanta of energy, are each 
to be conceived as modifications of conditions within space-time, 
extending throughout its whole range. There is a focal region, 
which in common speech is where the thing is. But its influence 
streams away from it with finite velocity throughout the utmost 
recesses of space and time. Of course, it is natural, and for certain 
purposes entirely proper, to speak of the focal region, thus modi- 
fied, as the thing itself situated there. But difficulties arise if 
we press this way of thought too far. For physics, the thing itself 
is what it does, and what it does is this divergent stream of in- 
fluence.... (pp. 201-2). 

“The science of physics conceives a natural occasion as a locus 
of energy. Whatever else that occasion may be, it is an individual 
fact harboring that energy. The words electron, proton, photon, 
wave-motion, velocity, hard and soft radiation, chemical ele- 
ments, matter, empty space, temperature, degradation of en- 
ergy, all point to the fact that physical science recognizes qualita- 
tive differences between occasions in respect to the way in which 
each occasion entertains its energy.... The sole conclusion with 
which we are concerned is that energy has recognizable paths 
through time and space. Energy passes from particular occasion 
to particular occasion. At each point there is a flux, with a quan- 
titative flow and a definite direction. 

“This is a conception of physical nature in terms of continuity. 
In fact, the concept of continuity was dominant in Clerk-Max- 
well’s thought. But the alternative concept of distinguishable 
individualities has again emerged into importance in the more re- 
cent physics. Electrons and protons and photons are unit charges 
of electricity; also there are the quanta of the flux of energy. 
These contrasted aspects of nature, continuity and atomicity, 
have a long history in European thought, reaching back to the 
origin of science among the Greeks. The more probable conclu- 
sion is that neither can be dispensed with, and that we are only 
witnessing that modern phase of the contrast which is relevant to 
the present stage of science” (pp. 237-9). 


How perfectly natural it is for such thinking to lead 
to further thoughts about man and his mind—and his 
possible connection with some sort of “Universal Soul” 
associated with the idea of a God of+truth, beauty, 
orderliness, honor, love, and righteousness. 

“Scientific Theory and Religion,” a book on “The 
World described by Science and its Spiritual inter- 
pretation,” written by Ernest William Barnes, Bishop 
of Birmingham (Macmillan, copyright 1933), is also a 
scholarly consideration of these thoughts. Barnes 
presents the facts, “puzzling beyond belief and yet not 
in doubt,” for the dualistic-wave-particle-uncertainty 
nature of the electron (pp. 197-200), and later intro- 
duces ‘‘Wave mechanics and the Born-Dirac calculus” 
as follows: 


“We have now said enough to make it clear that the quantum 
theory, as Bohr and Sommerfeld applied it to the atom, is a scan- 
dal to human thought. Its striking successes only serve to in- 
crease the scandal . . . that an electron could circulate round a 
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nucleus without emitting radiation is contrary to all our beliefs. . . 
(p. 275). 





Barnes concludes this chapter with a warning that 
‘none of the new discoveries about matter and energy 
throw any enlightenment on the question of how the 
physical realm of matter and radiation are related to 
the psychical realm of mind and spirit. This very 
difficult question is treated in later chapters in Barnes’s 
book, acknowledging that it cannot be proved whether 
the probability waves are strictly mental or strictly 


physical structures. 

“The Soul of the Universe,” written by Gustaf 
Stromberg (David McKay, copyright 1940) contains a 
number of rather astonishing and certainly deeply 
moving correlations between science, matter, mind, 
and religion. The profound result of his extension of 
Relativity and Quantum Theories to biological proc- 
esses is best explained in the book’s introduction 
(p. vii): 

“From the turmoil caused by the great discoveries in the sci- 
ence of physics during the last decades two outstanding new prin- 
ciples have emerged. The first is contained in the Quantum The- 
ory and explains the strange fact that both matter and light ap- 
pear sometimes as particles and sometimes as waves. The second 
has evolved from the Theory of Relativity and has resulted in a 
realization that the material universe is a uniform and interre- 
lated whole, that it is a special aspect of a rational Cosmos. These 
two new principles have in this book been applied to the field of 
biology and have been found extremely useful in explaining the 
marvelous structures and the purposeful organization in the liv- 
ing world. We can then understand how an egg cell can develop 
into an animal, and a larva into a butterfly, new light is thrown on 
the origin and the development of life on the earth, and as in a 
flash we realize the meaning and nature of death. 

“The two principles have also been applied to the age-old prob- 
lem of the relationship between mind and matter. We can then 
understand the connection between the chemical and electrical 
processes in the nervous system and the corresponding sensations 
and feelings. The most startling results of this study are that 
the individual memory is probably indestructible and that the es- 
sence of all living elements is probably immortal. The study 
leads to the inevitable conclusion that there exists a World Soul 


or God.” 


Viewed in the year 1948, when two sides of the world 
seem to be planning their mutual destruction, -these 
seem like strange conclusions indeed. Yet astronomer 
Strémberg’s thinking is far clearer and more sincere 
than that of many chemistry teachers on atomic mat- 


ters: ° 


“In Bohr’s original model of a hydrogen atom the electron was 
supposed to go round a nucleus as a planet goes round the sun... 
later investigation showed that we are not permitted to apply the 
ordinary conceptions of matter in motion to the tiny world within 
the atom. A new mechanics, the so-called wave-mechanics, had to 
be introduced.... (pp. 27-8). 

“According to the relativity theory inertia and gravity are of 
similar nature; their combined effect on the motion is determined 
by the ‘potentials of the metrical field’ in which the body is mov- 
ing. With the discovery of the quantum of action by Planck, the 
confirmation of de Broglie’s theory of the wave properties of ma- 
terial particles by Davisson and Germer and G. P: Thomson, and 
enunciation and clarification of the Principle of Indeterminacy by 
Heisenberg and Bohr, it has become possible to obtain a picture 
of how the field really acts....” (pp. 41-2). 
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Albert Einstein has great respect for Strémberg’s 
presentation of modern discoveries “‘in such a way that 
the problem of the unity of our knowledge acquires 
a meaning.... Very few men could of their own 
knowledge present the material as clearly and con- 
cisely as he has succeeded in doing.” Even Einstein 
had felt humbled by the problem of resolving the 
particle-wave dualism. He and Leopold Infeld, in 
“The Evolution of Physics” (Simon and Schuster, 
copyright 1938), cited extensive reasons for rejecting 
particle-path atomic modeis. Their stimulating dis- 
cussions on “Waves of Matter’ (p. 286), ‘Probability 
Waves” (p. 295), and “Physics and Reality” (p. 310) 
are all excellent freshmen readings. ‘Field and Mat- 
ter” (pp. 255-60) includes a challenge for genius: 


“Our structure laws, that is, Maxwell’s laws and the gravita- 
tional laws, break down for very great concentrations of energy or, 
as we say, where sources of the field, that is, electric charges or mat- 
ter, are present.... We cannot build physics on the basis of the 
matter-concept alone. ... Could we not reject the concept of 
matter and build a pure field physics? What impresses our 
senses as matter is really a great concentration of energy into a 
comparatively small space. We could regard matter as the re- 
gions in space where the field is extremely strong. In this way a 
new philosophical background could be created. Its final aim 
would be the explanation of all events in nature by structure 
laws valid always and everywhere. ... 

“But we have not so far succeeded in fulfilling this program 
convincingly and consistently. The decision, as to whether it is 
possible to carry it out, belongs to the future. At present we 
must still assume in all our actual theoretical constructions two 
realities: field and matter.” 


During the past ten years since these impressive words 
were written, Strémberg was keenly aware of the par- 
ticle-wave disparities. After writing his “Soul of the 
Universe,” he developed the theory of ‘The Auto- 
nomous Field” (J. Franklin Institute, 239, 27-40, 1945), 
in which particles are merely observable indicators 
of the field. Thus photons are to be regarded as 
signals of ‘““Emergent Energy” (ibid. 241, 323-39, 1946). 


“Electrons, like photons and other corpuscles, can be regarded 
as having a momentary existence only and should therefore not 
be regarded as moving or as acting on one another. In the autono- 
mous-field theory, which is inseparably connected with that of 
emergent energy, all interactions are field effects, and the corpus- 
cles are emergent and evanescent indicators, but not the cause of 
force fields. 

It has long been known that the path of a moving body from an 
initial point to a fixed end point is governed by Hamilton’s prin- 
ciple, which is the modern form of the principle of least action. 
The potential energy, which is a characteristic of the field, natu- 
rally plays an important role in determining this path. From 
the standpoint of the present theory, in which there are no mov- 
ing corpuscles, this implies that the potential functions which 
determine the probability of the emergence of a corpuscle must 
have a structure that conforms to Hamilton’s principle, a fact of 
the greatest importance in formulating the wave properties of 
matter. This applies also to the propagation of light. They 
should also have a structure that satisfies the invariance of the 
theory of relativity.” 


“Emergent energy” gives at last a unified account of 
“Theories of Light” (Astron. Soc. of the Pacific, Oct., 
1946). This autonomous field leads to other ideas of 
interest to physicists, chemists, and biologists. 
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“The most important thing is that this ‘theory of emergent en- 
ergy’ apparently can be applied to all kinds of energy, whether in 
action, in transit, or in some potential form. It can even be ap- 
plied to the fields of force which organize the molecules and the 
cells of which plants and animals are built. Such ‘organizing 
fields’ expand from an extremely contracted form in the germ 
plasm and, like radiation, they can be described as probability 
structyres, energy patterns, and force fields. The electric nature of 
such ‘living fields’ was recently established at the Medical School 
of the Yale University and certain of the frequencies of the wave 
structure have been determined. The fact that photons are not 
the cause but the effect of electromagnetic fields of certain types 
has paved the way for the modern idea that particles are not the 
cause of force fields and that the structure of a living organism is 
not the cause but the effect of electromagnetic’ fields of great 
stability and complexity acting independently of the incorporated 
matter. In this way the modern theories of light may profoundly 
influence our understanding of all kinds of force fields and even of 
life itself.”’ 


Must teachers continue to defend and dawdle over 
gaily beaded particle-path models of our bodily atoms 
when this world-uniting new postulation about physi- 
cal and mental fields remains to be explored and ex- 
pounded? Consider what the other new and revised 
physical chemistry texts offer on this question. 

“Quantum Mechanics” enters the 7th edition of 
Getman and Daniels’ long-favorite “Outlines of Physi- 
cal Chemistry” (Wiley, copyright 1943), on page 
572, and plainly answers: 


“Quantum mechanics is much superior to the older theories be- 
cause, in addition to accomplishing all that they accomplished, it 
solves more complicated problems and in many cases gives 
better agreement with experiment. It has led to many new ad- 
vances... .” 


(And if atomic energy, so-called, is not one of these, 
this theory at least is the only one giving plausibility 
to that frightening matter-to-energy annihilation!) 

“The Old Quantum Theory” was briefly defined on 
pp. 5-7 in Eyring, Walter, and Kimball’s “Quantum 
Chemistry” (Wiley, copyright 1944): 


“The work of Planck, Einstein, and Bohr formed the basis of 
what is now known as the old quantum theory.” [It arbitrarily 
imposed certain ‘quantum conditions” on the classical mechanics 
of periodic motions. ]} 

“In spite of the success of the old quantum theory in simple 
problems, it finally became evident that it could not produce cor- 
rect quantitative results in the more complicated ones. For this 
reason the old quantum theory was finally abandoned in favor of 
what is known as quantum mechanics.”’ 

“Quantum Mechanics” and its inherent ‘“Uncer- 
tainty Principle” are introduced by Samuel Glasstone 
on page 14 of his “Theoretical Chemistry” (Van Nos- 
trand, copyright 1944) as follows: 


“Introduction.—According to classical mechanics it should be 
possible to determine precisely both the position and velocity, or 
momentum, of a moving particle. It has become apparent in re- 
cent years, however, that the classical point of view represents an 
approximation which is adequate for objects of appreciable size, 
but is quite unsatisfactory for describing the behavior of particles 
of atomic dimensions. It has been necessary, therefore, to devise 
a new mechanics for the treatment of electrons and atomic nuclei. 
In this new mechanics the exact position of a moving object, such 
as, for example, the orbit of an electron around the nucleus of an 
atom, is replaced by a function which determines the probability 
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of the object being in the particular position. Because these 
probability functions satisfy differential equations which: are 
analogous to those representing the variation of the amplitude 
of a wave, the new atomic mechanics has been referred to as the 
wave mechanics. Some writers, however, feel that the analogy 
may be misleading, and so the term quantum mechanics is gener- 
ally used. It will be seen that the new approach to the study of 
small particles provides a satisfactory basis for many of the quan- 
tum postulates that had been previously applied, more or less 
empirically, to the treatment of atoms and molecules. ... 


The “Historical Survey of Atomic and Molecular 
Theory Since Bohr,” written by Henry Margenau and 
Arthur Wightman, is one of the most recent and most 
capable reviews on this subject (Am. J. Physics, 12, 
119-30, 1944). They explained the “Decline of 
Bohr’s Atomic Theory” with the following significant 
caution: 

“The reason for the abandonment of the Bohr theory is two- 
fold: First, there occurred an accumulation of material discrep- 
ancies between the theory and experimental observations which 
called for more and more radical revisions of Bohr’s postulates; 
second, there came about a gradual recognition of certain basic 
impossibilities, that is, inconsistencies of a logical kind, residing 
in the very purpose the theory was hoping to achieve.” (p. 120). 


Consider the wisdom of continuing to teach or defend 
such a mentally untenable proposition! 


RETROSPECT 


The expert quality of all these quotations alone 
justifies reprinting them, with appreciated permission 
from the publishers, in a journal of chemical history 
and education. But there is a more important reason 
in the mind of this writer: with all his heart he hopes 
that these. quotations will encourage young atomic 
model draftsmen or designers to get adequate back- 
ground preparation. By that is meant real gritting 
determination to sink their teeth into tough, tedious 
chapters of sound modern theory—drafting and re- 
vising year after year as necessary—until they have a 
proper introduction to, and feel a religious respect for, 
the masterful accomplishments of the intellectual giants 
in this field. One cannot help feeling humble by 
reading the firsthand explanations of these modern 
atomic mysteries by men like C. G. Darwin, H. E. 
White, Max Born, Erwin Schrédinger, Albert Einstein, 
W. Heitler, Henry Margenau, Henry:+Eyring, Linus 
Pauling, Samuel Glasstone, and their kind. Cer- 
tainly one cannot harm his own fond atomic ideas by 
such exposure. 

At the very least it is hoped that these quotations 
will firmly discourage imaginative atomic explorers 
from spending their energy trying to resuscitate the 
thoroughly expired particle theories. Mental man- 
power is very greatly needed for the truly difficult 
but urgent task of explaining why atomic fuel can sud- 
denly transform from space-occupying matter-at-rest 
into space-hurtling energy-that-cannot-rest. For that 
and all the related subatomic phenomena, none but a 
dualistic particle-wave theory has any sound teaching 
value, unless it is a field theory that subordinates both 
particles and waves! 





& AN INTRODUCTION TO ELECTROPHORESIS 


Tue appuication of electrophoresis to biological 
and physical problems has grown rapidly since Tiselius 
announced his adaptation of the electrophoresis ap- 
paratus in 1937. The number of laboratories in this 
country equipped to do electrophoresis has increased 
from about five in 1940 to about fifty in 1948, and the 
application of electrophoresis to the analysis of blood 
plasma and serum has resulted in the installation of 
electrophoresis equipment in a number of large hos- 
pitals. 

The development of electrophoresis from a chance 
observation by the Russian physicist Reuss (24) in 
1807 to the powerful analytical tool of today is a good 
example of the evolutionary period through which a 
physical method must pass before it becomes useful in 
the laboratory. Further development of electrophoresis 
depended upon the discovery of the relation between 
current and the electric field by Ohm in 1827, the laws 
relating electricity and chemical changes discovered by 
Faraday in 1834, and the development of chemistry 
and physics in general. 

The electrophoresis apparatus in its present form, 
making use of a low temperature thermostat, U-tubes 
with optical faces, and the ingenious schlieren optical 
system, is a fairly recent development. Simpler forms 
of electrophoresis apparatus had been used for a long 
time, but it was not until Tiselius of the University of 
Upsala announced his adaptation of the electrophoresis 
apparatus in 1937 (31) that electrophoresis became a 
practical and precise tool for studying high molecular 
weight electrolytes and their naturally occurring mix- 
tures, such as plasma. 

A number of excellent review articles on the moving 
boundary method of electrophoresis are to be found 
in the literature (14, 21) and the purpose of this paper 
is to supplement these articles by giving more de- 
scription of the calculations and the quantitative inter- 
pretation of electrophoretic patterns. The micro- 
scope method for determining electrophoretic mobility 
has been adequately described by Abramson, Moyer, 
and Gorin (1), so that method will not be discussed. 

The Modern Electrophoresis Apparatus: In the mov- 
ing boundary method for electrophoresis, a sharp 
boundary is formed between a solution of a colloidal 
electrolyte, such as a protein, and the buffer against 
which it was dialyzed. If the solution contains pro- 


Part I: Methods and Calculations 
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Figure 1. Electrophoretic Cell and Electrode Vessels 

The cell is built in three sections and is connected to the 
electrode vessels with neoprene tubing. The electrodes 
across which a potential is applied consist of silver wire 
coated with silver chloride. A concentrated salt solution 
is added through the separatory funnels to cover the coils 
of the electrode. The rack and pinion device for slid- 
ing the center section of the three-piece U-tube has been 
omitted to simplify the diagram. 


tein ions of different charge or size, a series of moving 
boundaries representing the different protein ions will 
be obtained upon passage of an electric current. 

A diagram of the electrophoretic cell and electrodes 
is shown in Figure 1. The limbs of the U-shaped cell 
in the center are rectangular in cross section (3 X 25 
mm.) and about 9 em. long. The cell is built in three 
sections which may be slid relative to one another to 
facilitate the formation of sharp boundaries. A bound- 
ary between protein and buffer solution is formed 
initially in each of the two sides of the U-shaped chan- 
nel, with the denser protein solution underneath. 
The boundaries are formed as follows: first the bottom 
section is filled with protein solution and the contents 
of this section are isolated by displacement of the 
middle and top sections with respect to the bottom 
section. Then one limb of the cell is filled with protein 
solution and the other side rinsed and filled with buffer 
solution. The top section of the cell is next slid over to 
isolate the center section. The excess protein solution 
is rinsed out of the top section which is filled with buffer 
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and the electrode vessels attached. After the appara- 
tus has been equilibrated in a low-temperature thermo- 
stat the main section is slid into juxtaposition with the 
top and bottom sections, forming sharp boundaries 
between protein solution and buffer. These boundaries 
are brought into the main section of the cell by the 
aldition of buffer to one of the electrode vessels. A 
more complete description of the apparatus and of the 
method for forming boundaries is given by Longsworth 
and MacInnes (12, 14). 

The electrode vessels, which are filled with buffer, 
are designed to prevent products of the electrode reac- 
tion from reaching the moving protein boundaries. 
The electrodes consist of silver wire coated with silver 
chloride and are immersed in a strong salt solution 
which is added through the separatory funnels. When 
a current is passed through the apparatus the follow- 
ing reactions take place: 


Ag + Cl- > AgCl + e 
AgCl + e— Ag + Cl- 


At the anode (+): 
At the cathode (—): 


Thus, no gaseous products are formed at either elec- 
trode. 

The electrophoretic cell with attached electrodes 
is immersed in a thermostat at 1°C. This is done to 
reduce convection caused by the heating of the current. 
Actually the temperature is higher in the center of the 
electrophoretic cell than on the inside glass faces and 
this would normally cause the warmer and less dense 
solution in the center of the cell to rise. However, an 
unusual property of water and dilute aqueous solutions 
makes it possible to avoid this difficulty. Near the 
temperature of maximum density, the density does not 
change appreciably with temperature so that thermal 
convection is minimized. The temperature of maxi- 
mum density of water is 3.98°C. and for 0.1 N sodium 
acetate solution is 2.8°C. 

When an electric potential (usually of the order of 
several hundred volts) is applied in the appropriate 
direction, the boundary in one side of the center sec- 
tion rises while the other descends. If the protein 
solution contains several components, some of which 
are of smaller size or higher electric charge, the initially 
single boundary in each side of the channel will sepa- 
rate into separate moving boundaries, each correspond- 
ing to one of the components in the mixture, and the 
faster moving boundaries corresponding to the pro- 
teins of higher charge or smaller size. This method 
has made possible rapid separations and analysis of 
mixtures of proteins, polysaccharides, nucleic acids, and 
other colloidal electrolytes which are difficult to dis- 
tinguish by other means. In addition to the moving 
boundaries there are always the 6 and ¢ boundaries 
which remain near the initial boundary position and do 
not correspond to additional protein components (/3). 
The nature of these anomalies will be discussed in Part 
Il. 
Early investigators of electrophoresis had been 
limited to the study of colored or turbid colloidal solu- 
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tions for which the moving boundaries were easily ob- 
served, or the application of ultraviolet light absorp- 
tion or fluorescence. More precise location of the 
moving boundaries and measurements of the refractive 
index gradient through the boundary has been made 
possible by the scale method of Lamm (7), the schlieren 
scanning method of Longsworth (10, 13, 18), and the 
cylindrical lens schlieren method of Philpot (23) and 
Svensson (28). Since it is not the purpose of this article 
to describe these optical methods, the reader is re- 
ferred to an article by Longsworth (18). The electro- 
phoretic patterns obtained with these three optical 
systems show the refractive index gradient (dn/dx) on 
one axis as a function of height (x) in the electrophoretic 
cell on the other axis. In Figure 2, for example, the 
ordinates in the electrophoretic pattern aré propor- 
tional to the rate with which the refractive index is 
changing with height in the cell at the level given by 
the abscissa. These patterns have been rotated 90° 
from the position in which they were photographed and 
the direction in which the boundary moved in the cell 
is shown by an arrow labelled to indicate whether the 
boundary is ascending or descending. The vertical 
line at the tail of the arrow indicates the level in the 
cell at which the initial boundary between protein 
solution and buffer was formed. The electrophoretic 
pattern is that of crystalline bovine albumin at pH 8.6 
in 0.10 ionic strength diethylbarbiturate buffer after 
179 minutes electrophoresis, using a current of 15 
milliamperes. The distance moved by the protein 
boundary and the electric field strength are used to 
calculate the electrophoretic mobility which is a useful 
physical constant in identifying the protein and study- 
ing its properties. - 

Calculation of the Electric Field Strength. The force 
of the electric field on an ion is proportional to the rate 
with which the potential is changing with distance 
(potential gradient) at that particular point in the | 
apparatus. The greatest potential gradient is in the 
electrophoretic cell because here the cross-sectional 
area is smallest and the greatest resistance is offered to 
the current. If q is the cross-sectional area! of the elec- 





1 The cross sectional area of the standard 11-ce. electrophoretic 
cell is about 0.75 cm.? and may be determined by weighing the 
mercury required to fill each limb and measuring the height of 
the cell. The volume of the mercury calculated from its density 
(13.54 g./em.’ at 25°C.) is divided by the length of the channel 
to obtain the average cross-sectional area. 


Alb. Alb. 


€ r) 
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Figure 2. Electrophoretic Pattern of Crystallized Bovine Serum 
Albumin in 0.10 Ionic Strength Diethylbarbiturate Buffer of pH 8.6 
after 179 Minutes at a Potential Gradient of 6.35 Volts/Cm. The 
Initial Boundary Position Is Indicated by the Vertical Line at the Tail 


of the Arrow. 
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trophoretic cell, the potential gradient or electric field 
strength, Z, in volts/em., may be calculated from the 
current flowing through the cell, 7 (in amperes), and 
the specific conductivity of the solution, x (in ohm-! 
cm.~—!) 
7 

E= od (2) 
The current flowing through the electrophoretic cell is 
usually of the order of 5-25 milliamperes and may be 
measured with a sensitive milliammeter or a poten- 
tiometer and a known resistance.? The specific con- 
ductivity is calculated from the resistance, R, of the 
solution in a conductivity cell of constant C,* using 
equation (3). 


ae (3) 


The electric field strength, EK, may be increased by 
increasing the potential difference between the elec- 
trodes, but there is a limit to how far this may be car- 
ried without causing convection. The current passing 
through the cell develops heat at the rate of 

i? ; 
or watt/cm.? (4) 
Experience has shown that when the thermostat tem- 
perature is about 1°C. the maximum power which may 
be dissipated in the electrophoretic cell without causing 
convection at the usual protein concentration is about 


0.15 watts/em.* 
Eliminating 7 between equations (2) and (4). 


r= yF ‘ 


which shows that the maximum allowable field strength 
is proportional to 1/./x. Higher potential gradients 
- may thus be used with buffers of lower conductivity. 
However, in this case the electrophoretic anomalies 
which will be described in Part II are more pronounced. 
Calculation of Electrophoretic Mobility. Electro- 
phoretic mobility, u, is the velocity of an average mole- 
cule in a unit electric field in the body of the protein 
solution. If the velocity is represented by Az/t and 
the electric field strength in the protein solution by E,, 
u= Se 6) 
This equation may be derived more rigorously to 
show that the electrophoretic mobility as defined above 
may actually be obtained from the velocity of the de- 





* For the most precise work it is desirable to use a regulator 
which maintains constant current. See D. A. MacINngs, and L. 
G. Loneswortu, Chem. Rev., 11, 171 (1932) and ref. 8. 

3 The cell constant may be determined by measuring the 
resistance of the conductivity cell containing a potassium chloride 
solution prepared by adding 7.457 g. dry potassium chloride 
weighed in air to 1 1. of conductivity water at 20°C. This solu- 
tion has a conductivity of 0.007138 ohm=!cm.~! at 0°C. (Calcu- 
lated from JoNES AND BrapsHaw, J. Am. Chem. Soc., 55, 1780 
(1933).) 
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scending protein boundary. (12) If the passage of a 
current, 7, for time ¢ causes a protein boundary to de- 
scend Az cm., then AzgP grams of protein have been 
transported into the bottom section of the U-tube. 
Here P is the number of grams of protein per ml. of 
protein solution. The amount of protein transported 
into the bottom section of the U-tube may also be ex- 
pressed in terms of the mobility and is uz,t,P where 
uH,t is the distance moved by an average protein 
molecule in the body of the protein solution. Equating 
these two expressions and solving for u, we obtain 
equation (6). Since E, = 1/qk, 
Azqkp 
c= — ( 7) 
In this expression Azxg is the volume swept through by 
the boundary when zt coulombs of electricity are passed 
through the cell, and so equation (7) may conveniently 
be written in terms of the volume swept through by the 
descending boundary per coulomb, v4. 


U = VdKp (8) 


The sign of the mobility is determined by the charge 
on the ion, positive for positive ions and negative for 
negative ions. 

If the descending boundary is symmetrical the dis- 
tance through which the maximum ordinate has moved 
may be used in calculating v4. Ifthe gradient is not sym- 
metrical the centroidal ordinate‘ should be used (16). 

Sometimes the conductivity of the buffer is used in 
equation (7) or (8) rather than the conductivity of the 
protein solution and, although this does not introduce a 
large error at 0.1 or higher ionic strengths, the method 
used should always be stated. The calculation of 
mobilities from the velocity of the rising boundary is 
more complicated because of the change in protein 
concentration at the 6 boundary. 

During electrophoresis the temperature inside the elec- 
trophoretic cell is different at various distances from the 
wall, being highest in the center. A solution to the 
problem as to the temperature at which the conduc- 
tivity of the protein solution should be measured was 
suggested by Tiselius (32). If the temperature coef- 
ficient, c, of the mobility of the protein is the same 
as that for the other ions in solution, 


u = uw (1 +cT) (9) 
x = x (1 + cT) (10) 





‘ The centroidal ordinate of a peak in an electrophoretic pattern 
may be determined as follows: A vertical line is drawn through 
approximately the center of area of the peak as a first approxima- 
tion of the centroidal ordinate. Equal arbitrary intervals (s) are, 
then measured along the abscissa of the peak and numbered 0, 1, 
2,... from the center (0) to the right, and 0, —1, —2,... to the 
left. The ordinates (S) at these points are measured in ar- 
bitrary units, and the products sS calculated for each point. If 
= sS = 0, the vertical line is the centroidal ordinate, and if 2 sS 


~0, then z= is the number of arbitrary units to be added to 
s . 


the 0 abscissa to obtain the correct position of the centroidal 
ordinate. 
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where the subscript » represents the value at 0°C. and 
T is the temperature in degrees C. Substituting these 
relations into (8) and canceling (1 + cT’) 


(11) 


Thus, if the conductivity is measured at 0°C., the 
mobility at 0°C. is obtained, even if the temperature 
in the cell were several degrees higher. This appears 
to be a satisfactory method for calculating mobilities 
since different thermostat temperatures are used in 
different laboratories and the temperature inside the 
cell is not that of the thermostat anyway. 

An electrophoretic experiment with a 1 per cent 
solution of crystallized bovine serum albumin® in 0.10 
ionie strength sodium diethylbarbiturate (veronal) 
buffer of pH 8.6 will be used to illustrate these calcula- 
tions. The resistance of this particular protein solu- 
tion at 0°C. was 6860 ohms when measured in a con- 
ductivity cell of cell constant C = 24.1 cm.—'. The 
conductivity of the protein solution is therefore 


_ 21.4 cm.—! 
“p ~ “6860 ohms 


Uo = Vako 


= 0.00312 ohm~! cm.~! 


A current of 15 milliamperes was used in an electro- 
phoretic cell of cross-sectional area 0.757 cm.? and so by 
equations (2) and (4) 
N 0.015 ampere 
* = (0.757 em.) (0.00312 ohm=! cm.~!) 
(0.015 ampere)? 
(0.757 cm.?)2 (0.00312 ohm! em.~}) 


= 6.35 volts/cm. 





H= = 0.125 watt/cm.? 





The. photograph shown in Figure 2 was enlarged and 
traced by hand. The enlargement was such that 6.68 
cm. on the tracing corresponded to 1 cm. in the elec- 
trophoretic cell. The distance moved by the descend- 
ing albumin boundary was 29.6 cm. on the tracing 
which corresponds to 29.6/6.68 = 4.43 cm. in the 
electrophoretic cell. The mobility may be calculated 
from equation (6) 
ost —4.43 cm. 
(10,740 sec.) (6.35 volts/cm.) 


= —6.50 X 10-5 cm.? volt-! sec.-! 








TABLE 1 
Ion Mobilities at 0° C. 
Chloride ion (in 0.1 N NaCl) 





—37.1 X 10-5 cm.? 
sec.—! volt~! 


Sodium ion (in 0.1 N NaCl) +22.7 X 10-5 

Acetate ion (in 0.1 N NaOAc) —17.3 X 10-5 

Diethylbarbiturate ion (in 0.1 N NaV)* —10.3 <X 10-5 

Nucleic acid, pH 7.0, T/2 = 0.1 (phos- —14 Xx 10-5 
phate buffer) 

Human serum albumin, pH 8.6, °/2 = 0.1 — 5.9 10-5 
(NaV) 

Human serum gamma globulin, pH 8.6, — 1.0 x 10-5 


r/2 = 0.1 (NaV) 


* The symbol V is frequently used as an abbreviation because 
veronal is a synonym for diethylbarbituric acid. 








5Available from Armour Laboratories, Chicago, Illinois. 
The original reference for the preparation of this protéin is 
Coun, E. J., W. J. Huaues, Jr., J. H. Weare, J. Am. Chem. 
Soc., 69, 1753 (1947). 
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Since the albumin ions are negatively charged the 
mobility is given a negative sign. 

The mobilities of colloidal particles are in general 
less than the mobilities of simple inorganic ions as 
shown by the following table. 

Determination of the Isoelectric Point. The mobility 
of a protein or other amphoteric colloidal substance 
depends on the pH and ionic strength of the buffer and 
to some extent on the nature of the specific electrolyte 
ions present. Ionic strength, I'/2,6 is defined as 


T'/2 = 1/2 Bejzq2 (12) 


c; is the molar concentration of the ion species j with 
valence z;. It may be seen that for uni-univalent buf- 
fers the ionic strength is the same as the normality, but 
in the case of higher valence types the ionic strength is 
greater than the normality. 

The variation in the mobility of crystalline egg al- 
bumin with pH at 0.10 ionic strength is shown in Fig- 
ure 3 (16). The corresponding valences were calcu- 
lated from the titration curve and the molecular weight 
of ovalbumin (45,000)’ to give an idea of the number of 
positive or negative charges which cause the motion of 
the protein molecules in an electric field. At strongly 
acidic pH, the acidic groups of the protein are un- 
charged while the basic groups are combined with pro- 
tons so that the molecule has a net positive charge. 
In strongly alkaline solutions the acid groups of the 
protein are completely dissociated and the basic groups 
are uncharged, so that the molecule has a net negative 
charge. 

The free basic groups in the protein molecule are the 
e-amino group of lysine, the imidazolyl group of histi- 
dine, and the quanido group of arginine. The free 
acidic groups are the carboxyl groups of aspartic acid 
and glutamic acid. It is principally the content of 





6 The symbol zu is also used for ionic strength, especially where 
concentrations are expressed in molalities. 

7 Longsworth (19) has recently shown that the valence may 
be also calculated from the area of the e-boundary. 
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Figure 3. Electrophoretic Mobility and Valence of Ovalbumin at 0.10 
Ionic Strength as a Function of pH. 

The solid line represents the valence determined by titration and the 

circles represent electrophoretic mobilities (adapted from Longsworth (14)). 
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these amino acids which determine the isoelectric point 
and electrophoretic properties of proteins. Depending 
upon the amounts of acidic and basic amino acids there 
is some pH at which the number of positive and nega- 
tive electric charges on the molecule are equal. At this 
pH the molecule does not move in the electric field and 
is said to be isoelectric. The isoelectric point is an 
important characteristic of a colloidal electrolyte be- 
cause it is generally the point of minimum solubility, 
viscosity, osmotic pressure, etc. Since adsorbed ions 
may also contribute to the charge on the protein mole- 
cule, the isoelectric point depends on the amount and 
nature of the salts present, and so the latter should 
always be specified. As seen from Figure 3 the iso- 
electric point of egg albumin is pH 4.58 in 0.10 ionic 
strength acetate buffer. In 0.01 ionic strength acetate 
buffer, the isoelectric point is pH 4.72 (33). The graph 
of electrophoretic mobility versus pH is steeper at 
lower ionic strengths because the mobility correspond- 
ing to a given net charge on the molecule is greater as a 
result of the reduction in the “shielding effect,” of the 
ion atmosphere (4). 

Buffers for Electrophoresis. Since different poly- 
valent ions often cause the protein to show different 
mobilities even at the same pH and ionic strength, 
while uni-univalent buffers do not show such large 
specific effects, the latter are usually used in electro- 
phoresis. The following buffer pairs may be used in 
the pH ranges indicated. 





Buffers for Electrophoresis 








Buffer Pair* pK pH Range 
Glycine-HCl 2.4 1.0- 4.0 
HOAc-NaOAc 4.7 4.0- 5.0 
HCac-NaCac 6.2 5.5- 7.5 
HV-NaV 7.9 7.5- 9.0 

9.7 9.0-11.0 


Glycine-NaOH 
* OAc = acetate; Cac = cacodylate; V = diethylbarbiturate. 





The pK values (—log K) at 25° given in the second 
column of Table 2 indicate the pH of maximum buffer- 
ing capacity. Away from these pH’s the capacity of 
the buffer decreases, being 33 per cent as efficient one 
pH unit away from pK. The buffer capacity, 6, of 
any buffer is defined as the number of equivalents of 
strong alkali or acid taken up by one liter of buffer in 
order to change the pH by one unit (calculated on the 
basis of a small addition) and may be calculated from 
the following equation of van Slyke (34). 

2.3 [A-] [HA] 
‘[A—] + [HA] 


[A-] is the concentration of the ionized form of the 
buffer and [HA] is the concentration of the un-ionized 
form. As an example, the buffer capacity, 8, of the 
customary 0.10 ionic strength diethyl barbiturate buf- 
fer at pH 8.6 is 0.038. 

Electrophoresis as a Criterion of Homogeneity. 


8 = 


Be- 


fore a protein or other colloidal electrolyte is said to be 
electrophoretically homogeneous, it should satisfy two 
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tests. First, it should show only one moving boundary 
in electrophoresis at various pH and ionic strengths. 
The fact that some proteins, such as crystallized bovine 
albumin (8), yield only one moving boundary in elec- 
trophoresis in a certain pH range but two in another pH 
range indicates the necessity of testing each appar- 
ently homogeneous protein in this way. Second, when 
electrophoresis is carried out under conditions such 
that no boundary spreading is caused by the conduc- 
tivity (13) or pH effects (19) and thermal convection is 
negligible, the protein boundary should spread no more 
rapidly than may be accounted for by diffusion if the 
protein is electrically homogeneous. In the case of a 
heterogeneous protein the boundary spreading will be 
greater than may be accounted for by diffusion because 
of the partial separation of protein ions of differen‘ 
mobility. The latter test may be applied by carrying 
out electrophoretic experiments at the isoelectric point 
of the protein using a iow power dissipation. Quan- 
titative information as to electrophoretic homogeneity 
cannot generally be obtained at pH away from the iso- 
electric point because of the conductivity and pH effects 
to be discussed in Part II. When an initially sharp 
boundary between a 0.7 per cent solution of human 
gamma globulin at pH 7.27, [/2 = 0.1, (0.04 N NaCac, 
0.06 N NaCl), and the buffer against which it has been 
dialyzed is subjected to an electric field the boundary 
becomes diffused more rapidly than would be expected 
for diffusion alone and becomes sharper when the cur- 
rent is reversed as indicated in Figure 4. This figure 
was obtained by tracing the electrophoretic patterns ob- 
tained at different times during the experiment with 
their maximum ordinate located at the corresponding 
time indicated on the abscissa. The dashed curves 
represent the electrophoretic patterns which would 
have been obtained if the boundary had been spread by 
diffusion alone. This experiment shows that the 
molecules are not all isoelectric at the same pH. If the 
mobility distribution in an inhomogeneous protein may 
be represented by the usual “error function” (a Gaus- 
sian distribution), the apparent diffusion constants, 
D*, calculated from the schlieren diagrams during the 
electrophoretic experiment should be a linear function 
of time of electrophoresis, t. 
Dt=D+ 7 1 (13) 
The diffusion constant of the protein is D and the “ap- 
parent”’ diffusion constant, D*, is calculated from the 
electrophoretic patterns such as Figure 4 by methods 
described in a following section. The potential gradi- 
ent is E, and h, the heterogeneity constant, is the 
standard deviation for the mobility distribution (2). 
The heterogeneity constant is 0.50 X 10~* em.? volt” 
sec.—! for the protein illustrated in Figure 4 (2, 38). 
The case in which diffusion during the electrophoretic 
spreading experiment may be neglected has been dis- 
cussed by Sharp and coworkers (25, 26, 27). 
Preparative Electrophoresis. It is sometimes useful 
to withdraw samples from the electrophoretic cell 
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alter separation of the moving boundaries in order to 
identify the components by biological or chemical 
tests or to obtain small samples of proteins difficult to 
isolate in a purified form by other methods. A pure 
sample of the fastest moving protein component in a 
mixture may be obtained from the ascending limb 
and a sample of the slowest moving protein component 
from the descending limb, while a pure sample of a pro- 
tein of intermediate mobility would be more difficult 
to isolate. Samples may be removed from the electro- 
phoretic cell after electrophoresis, or even during the 
experiment, by immersing a fine capillary connected 
to a syringe into the cell. In the case of a mixture of 
two proteins S and T (us > ur) the volume on the de- 
scending side containing pure 7 after time ¢, diffusion 
and spreading being neglected (31), is independent of 
the dimensions of the apparatus but proportional to 
the current. 


ae ess, . ee. 


OTHER APPLICATIONS OF THE SCHLIEREN 
OPTICAL SYSTEMS 


Determination of Refractive Index Gradients and Re- 
fractive Index Differences. In electrophoretic experi- 
ments it is often desirable to know the refractive index 
difference across a moving boundary so that the ab- 
solute concentration of a component in a mixture may 
be calculated. It is also desirable to be able to calcu- 
late the value of the refractive index gradients for the 
determination of diffusion constants and in connection 
with reversible electrophoretic spreading experiments. 
Areas in the schlieren pattern may be used to calcu- 
late refractive index differences, and the ordinates may 
be used to calculate the refractive index gradient at any 
level in the cell by the equations described below. The 
refractive index gradient (dn/dx) is directly propor- 
tional to the ordinate Y of the electrophoretic pattern 
at any level in the cell (36). The proportionality 
constant K may be calculated from the optical con- 
stants of the apparatus. 


dn ae 
a KY (14) 


For the cylindrical lens schlieren optical system, 


1 


k= GCab tan 6 (15) 


For the schlieren scanning optical system, 


“th om 
K = Gor 6) 


where 


” = The ordinate measured on the enlarged tracing cm. 

6 = Diagonal knife edge angle or diagonal slit angle, measured 
from vertical 

a = Electrophoresis cell thickness in the direction of the 
optical axis, cm. 

b = Optical distance from the center of the cell to the knife 


edge, cm. 
R = Ratio of plate to knife edge velocity in scanning system 
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100 200 300 400 500 600 
t (minutes)—> 

Figure 4. Reversible Electrophoretic Spreading of Human Gamma 
Globulin at pH 7.27, 0.10 Ionic Strength, at a Potential Gradient of 
1.70 Volts/Cm. 

The superimposed dashed curves give the patterns which would have 
been obtained if the spreading had been caused by diffusion alone. The 
field was reversed after 300 minutes and the sharpening of the gradient is 
evident. 


C = Magnification factor of cylindrical lens, cylindrical lens 


G= Masnification factor from cell to tracing, camera magni- 

fication factor times enlarger magnification factor 

The cylindrical lens schlieren optical system dis- 
cussed here is the type in which the cylindrical lens 
focuses the plane of the diagonal knife edge on the 
photographic plate and the camera lens focuses the 
plane of the electrophoresis cell at the photographic 
plate without also acting as a schlieren lens. This is 
one of five types discussed by Svensson (28, 29). 

The determination of these apparatus constants has 
been discussed by Longsworth (18), and the purpose 
here is to illustrate the calculations which may be made. 

The difference in the refractive index (nz — m) be- 
tween the solutions at two levels (2 and 2) in the elec- 
trophoretic cell is proportional to the area A(cm.’) of 
the schlieren pattern between these two levels. 


x: Xx: X: 
Mg — m= ‘thar = [aS - Gf, “YdX = SA 
v1 - Xt si Xi 


(17) 


where X is measured on tracing (dX = Gdz) and z is, 
as before, measured in the electrophoretic cell. In 
order to convert the refractive index difference into 
concentration difference it is necessary to divide it by 
the refractive index increment for the solute in ques- 
tion. If An/AW is the difference in refractive index 
between a solvent and a solution containing one gram 
of solute per liter, the concentration C, of the solute in 
grams per liter may be calculated from the difference 
between the refractive index of the solution (n;) and 
the solvent. (1). 
= awa (Ns — No) (18) 
The measurement of areas in a schlieren pattern is 
not a precise method for the determination of refrac- 
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tive indices or refractive index differences, but it is 
often useful. Longsworth (18) has shown how the 
schlieren scanning system may be used as a precision 
refractometer by incorporating a prismatic cell. 

Determination of the Diffusion Constant. The same 
cell and optical system used in electrophoresis may be 
used for the determination of the diffusion constant for 
solutions of high or low molecular weight substances. 
The gradual blurring of an initially sharp boundary be- 
tween solution and solvent is followed by taking periodic 
photographs with the schlieren optical system, and 
such a series of photographs is illustrated in Figure 5. 
The subject of molecular diffusion in solution has been 
reviewed by Williams and Cady (37), Neurath (22), 
and Longsworth (17). 

The diffusion constant is defined by Flick’s first law 
of diffusion 


J=-D = (19) 


x 

where J is the quantity of material diffusing through a 
unit cross-sectional area perpendicular to the z-axis 
in unit time, and 0c/Oz is the concentration gradient at 
the level under consideration. D is, therefore, the 
quantity of material diffusing through one cm.? in one 
second if the concentration gradient is unity. The 
mass units used in expressing quantity and concentra- 
tion cancel so that D has the dimensions, cm.’ sec.—}. 
Applying equation (19) to a diffusion column yields 
Fick’s second law. 


Oc o*c 

a? oe 

If the diffusion of an initially sharp boundary between a 

solution of concentration C and solvent is carried out 

in a long column of uniform cross section, the solution 

of the partial differential equation (20) is 
dc C e—2?/4Dt 


ox 2 VxDt 


(20) 


(21) 





Since 0c/dz is a maximum at the center of the peak 
(x = 0), equation (21) may be simplified and solved for 


ae (22) 
02] max. 





ie) 5 10 15 20 25 
TIME (Hours) —> 


r/2=0.10, 


Figure 5. Diffusion of Crystallized Bovine Serum Albumin, 
pH 4.6, 0.6% Protein at 1°C. 
The centers of the schlieren curves are located on the abscissa at the time 
between the start of the diffusion and the time of the photograph. 
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Substituting equation (18) and its first derivative into 
equation (22) 


D = ss = ™)? 


4) , Ant (23) 
Oz / max 


Substituting equations (14) and (17) in (23) 


A? 


o° 5 aa 


(24) 
The determination of the diffusion constant of a 
protein must be carried out in salt solutions of 0.1 N 
or higher to suppress the Donnan effect, and the protein 
solution must be dialyzed to equilibrium against the 
buffer solution. Experimentally one of the most dif- 
ficult problems is to obtain a sharp initial boundary be- 
tween protein solution and buffer. The schlieren pat- 
terns obtained during a diffusion experiment with 
bovine serum albumin at 1°C. are given in Figure 5. 
In the case of the last picture, which was taken after 
24 hours (86,400 sec.), the area on the tracing was 10 
em.,? Yinax, = 2.58 em., and G = 6.68 em. on the trac- 
ing per cm. in the cell. 


(10 cm.?)2 


~ (2.58 cm.)?47(86,400 sec.) (6. 68)? = 3.1 X 10-7 cm.?sec.—! 





The diffusion constant may also be calculated from 
the standard deviation of the gradient, « (measured in 
cm. on the tracing). 

2 

D= rn (25) 
In the case of Gaussian diffusion curves, o is the half 
width at the inflection point which has the ordinate 
Y max./Ve, € being the base of natural logarithms. Dif- 
fusion constants in water at 20°C. range from 45 X 
10-7 cm.? sec.~! for sucrose to 0.7 X 10~7 cm.? sec.— for 
the tobacco mosaic virus particle (M .= 35,000,000). 

Kegeles and Gosting (6) have recently developed a 
theory for the determination of diffusion constants 
which is based on measurements of the positions of 
interference bands formed by the schlieren lens and 
the diffusion gradient on a photographic plate placed at 
the focal plane of the schlieren lens. Longsworth (20) 
has shown the complete theory to be in good agreement 
with experiment and his experimental work has revealed 
hitherto unsuspected errors in the measurement of 
diffusion constants. Kegeles and Gosting have shown 
that the schlieren methods possess a small but detect- 
able systematic error because simple geometrical theory 
neglecting diffraction is inadequate to describe com- 
pletely the experimental results. In their method the 
diffusion constant is calculated from 


_ (m — %)2 


aye 0 


~', and Y, is the downward displace- 





where C, = Y,/e 


_ ment of the jth interference fringe from the undeviated 
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slit image in the plane of the knife edge. The quan- 
tity e-*7? is obtained by tables compiled by Kegeles 
and Gosting and is a function of the number of the par- 
ticular fringe and the total number of fringes in the 
interference pattern. Since Y, is of the order of 0.5 to 
2 cm. and may be measured on the photographie plate 
within a few microns (10-4 cm.) and the other optical 
constants required may be determined accurately, the 
diffusion constants obtained by this method are of the 
order of 10 times more accurate than those obtained by 
the earlier optical systems. Since C; is the maximum 
downward displacement of light at the knife edge pre- 


. At- 
max. 
tention may be called to the similarity between equa- 
tions (26) and (23). 

Adsorption Analysis. ‘Tiselius (34) has applied the 
schlieren optical system to the chromatographic analy- 
sis of mixtures of colorless solutes. After passing 
through the column of adsorbent and before any mix- 
ing has taken place, the‘solution enters the bottom of a 
cell with optical faces which is placed in the schlieren 
optical system. Each component in the mixture gives 
rise to a separate boundary in the cell, the distance of 
which from the meniscus depends upon the degree of 
adsorption. Since the areas in the schlieren diagram 
are proportional to the concentration changes across the 
boundaries, a quantitative adsorption analysis may be 
obtained. 


icted b trical optics, “f= (@ 
dicte y geometrical optics, ae iS 
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& PATENTABLE CHEMICAL INVENTIONS’ 


Worn recent years, the law of patents has under- 
gone very important and far-reaching changes. Most 
of them have come about not through legislation but 
because of a radical change in the attitude of courts to- 
ward patents and patentees. 

Formerly, courts as a general rule considered it in the 
public interest to view patents with a liberal eye and to 
sustain them and to hold them infringed whenever pos- 
sible. Today, the reverse appears to be true. Thestatu- 
tory law has not changed materially, but judges have 
become increasingly strict in interpreting and applying 
the patent laws. The effect has been to curtail greatly 
the field of patentable invention, and to increase greatly 
the requirements for patentability and _ validity. 
Courts have become much more critical as to what con- 
stitutes adequate disclosure of an invention, and as to 
definiteness of claimed subject matter as well as to scope 
of issued patents. Furthermore, court decisions have 
gradually but sharply whittled down the inventor’s 
rights in his invention, so that it is no longer accurate to 
consider him as “‘a czar in his domain.”’ 

In no other field have the effects of the changed judi- 
cial attitude toward patents and patentees manifested 
themselves to a greater degree than in that of chemical 
inventions. It has, therefore, become increasingly 
necessary for all those working in this field to reexamine 
and reevaluate the various ways of protecting chemical 
inventions, and to consider what changes should be 
made in procedures and techniques for preparing and 
prosecuting patent applications. Renewed considera- 
tion must also be given to devising ways and means for 
exploiting patented inventions without running afoul 
of the anti-trust laws and of the recent decisions against 
expanding the “‘monopoly”’ of the patent. 


CONSTITUTIONAL BASIS OF PATENT SYSTEM 
The Constitution of the United States provides (1): 


“‘The Congress shall have power. ... To promote the Progress 
of Science and useful Arts, by securing for limited Times to Au- 
thors and Inventors the exclusive Right to their respective Writ- 
ings and Discoveries.” 


Upon these thirty-two words is based not only our 
patent system but our system for protecting copyrights. 
It is exceedingly important to note that the para- 
mount purpose of the Constitutional provision is to 
promote the useful arts and sciences. Pecuniary reward 
to the inventor is a secondary consideration and merely 





1 Presented before the Division of Chemical Education at the 
113th meeting of the American Chemical Society in Chicago, 
April 19-23, 1948. 


CHARLES W. RIVISE and A. D. CAESAR 
Caesar & Rivise, Philadelphia, Pennsylvania 


incidental to the paramount purpose. This is becoming 
increasingly apparent from the manner in which courts 
are adjudicating patents and patent rights. 


PREREQUISITES OF PATENTABILITY 


Congress has carried out the Constitutional mandate 
by enacting legislation to define the prerequisites of 
patentability and the conditions under which patents 
may be granted (2). These may be listed briefly as 
follows: 

(1) The alleged invention or discovery must be 
directed to patentable subject matter. 

(2) The alleged invention must be sufficiently useful 
and important to justify the grant of a patent. 

(3) The alleged invention must be new. 

(4) The new thing must have been created by the 
exercise of inventive ingenuity, and must involve inven- 
tion over prior devices and practices. 

(5) The invention must be capable of being ade- 
quately disclosed and accurately defined. 

(6) The inventor must not have abandoned his in- 
vention or otherwise forfeited his right to patent protec- 
tion. 

(7) The subject matter of the invention must be 
patentably distinct from that of any prior patents 
granted to the same inventor. 

(8) The inventor must file an Pe aa in the 
Patent Office adequately describing and clearly defining 
the invention, and must prosecute it to the issuance of a 
patent. 

In this paper, we shall discuss only the first four pre- 
requisites, namely, patentable subject matter, utility, 
novelty, and invention. 


PATENTABLE SUBJECT MATTER 


The patent statutes list the following subject matters 
of invention: (1) an art; (2) a machine; (3) a 
manufacture; (4) a composition of matter; (5) vari- 
ety of plant (3), other.than a tuber-propagated plant, 
capable of being asexually reproduced; and (6) a de- 
sign (4) for an article of manufacture. 

The foregoing classification is purely statutory, and 
limits the protection of the patent law to definite lines 
of activity. Each of the terms has been so defined by 
patent tribunals as further to limit the field of patent- 
able invention. All other contributions are not patent- 
able, regardless of how valuable to mankind they may 
be. 

Abstract Discoveries. Before entering into a discus- 
sion of the patentable classes of invention, it should be 
noted that the foregoing list does not include abstract 
forces of nature, causes, and effects. 
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In the recent case of Katz v. Horni Signal Mfg. Co. 
(5), the court stated: 


‘‘Epoch-making ‘discoveries’ of ‘mere’ general scientific ‘laws,’ 
without more, cannot be patented. So the great ‘discoveries’ of 
Newton or Faraday could not have been rewarded with such a 
grant of monopoly... .” 


To the examples given in the quotation may be added 
the following: , 

(1) Thomson’s discovery of the electron. 

(2) The discovery of ionization in aqueous solution 
by Arrhenius. 

(3) The discovery by Mills that the blood coagulant 
in tissue is in reality fibrinogen (6). 

(4) The discovery that certain metals such as tung- 
sten (7) and vanadium (8a) are very ductile in pure form. 

(5) The discovery that certain strains of root-nodule 
bacteria do not exert a mutually inhibitive effect on each 
other (8b). 

It is very important to bear in mind that though 
neither the cause nor its effect is patentable as such, the 
means by which the cause is applied to produce the 
effect may be patentable. Likewise, a new property in 
matter, when practically applied in the making of a new 
manufacture or composition may be the basis of a valid 
patent. In other words, the principle of nature is not 
patentable, but its utilization by means of an art, ma- 
chine, manufacture or composition of matter, when prop- 
erly expressed in one of these forms, is patentable. 

As an example may be mentioned a method of puri- 
fying tungsten so as to render its inherent ductile 
characteristics available for practical purposes (9). 

Definition of “Art.” The term “art’’ is commonly 
considered synonymous with the words ‘“‘process,”’ 
“method,”’ and “mode of treatment.’’ It may best be 
defined (10) as “‘an operation or series of operations per- 
formed by rule to produce a given result.”’ 

Patentable processes may be roughly classified into 
(1) chemical processes, and (2) mechanical methods. 
As examples of chemical processes may be mentioned: 
(1) method of making an organic or inorganic com- 
pound such as a synthetic resin, a dye, a pharmaceu- 
tical, a pigment, etc.; (2) method of treating fabric to 
impart some desired property such as water-resistance, 
fire-resistance, etc.; (3) method of pickling metals. 

Incidentally, the first patent granted after the adop- 
tion of the Constitution covered a method of making 
potash and pearl ashes (//). 

Processes involving mental processes are generally 
unpatentable. As an example may be cited methods for 
solving chemical problems. 

Definition of ‘“‘Machine.’”’ The term “machine” may 
be defined as an assemblage or combination of me- 
chanical or electrical elements or both adapted to re- 
ceive, transmit, and modify force or motion to do work. 

The following are a few examples of chemical machin- 
ery picked at random from Riegel’s ‘‘Industrial Chemis- 
try,” Second Edition: (1) apparatus used in, the 


chamber process for making sulfuric acid (page 16); 
(2) 


Mannheim mechanical salt cake furnace (page 
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67); (8) spinneret for viscose silk (Page 342); 
Dopp sulfonator (page 432). 

Products. The term “manufacture” is synonymous 
with “article,” or “article of manufacture,” and in- 
cludes everything that is made by the art or industry of 
man, except machines, compositions, and designs. As 
examples of articles may be mentioned a cake of soap 
(12), an abrasive disc, an artificial tooth, ete. 

A “composition of matter’? may be defined as that 
which is formed by intermixing or reacting two or more 
substances. A composition in the sense of the patent 
law may be a chemical union or a mechanical mixture, 
and may consist of fluids, solids, or gases. As examples 
of compositions may be mentioned a definite chemical 
compound such as calcium chloride, carbolic acid, 
2,4-D, D.D.T., ete., a synthetic resin, pharmaceutical, 
paint, insecticide, dye, ete. 

There has been some agitation against granting pat- 
ents on newly invented chemical compounds. In one 
case (13), the dissenting judge contended that a claim 
for a newcompound covered merely a chemical formula 
or a principle of nature. 

An article may be composed in whole or in part of 
one or more compositions of matter, some or all of 
which may meet the requirements of patentability. 
Patent No. 1,752,917 (14) covers both a composition 
consisting of bitumen intermixed with organic and in- 
organic fibers, and a storage battery container made of 
the composition. For convenience, the term “product” 
is very often used to include both articles and composi- 
tions. 

Unpatentable Products. The product of a process is 
not an article in a patent sense, unless it has been trans- 
formed from raw or prepared materials in such a manner 
as to acquire a new or distinctive form, quality, or prop- 
erty. 

The following are examples of things which were held 
not to be patentable products: (1) fruit, whose skin 
had been treated with borax to prevent decay (15); (2) 
alcoholic extract of odoriferous glands of muskrat (16). 

Takamine Patent No. 730,176 for the purified blood - 
pressure raising principle of the suprarenal glands was 
held valid, because it was a new thing commercially and 
therapeutically (17). ' ' 

The “Aspirin” patent (acetyl-salicylic acid) was sus- 
tained on the ground that by reducing the amount of 
impurities, Hoffman, the patentee, had converted a dele- 
terious substance long known to chemists into a valu- 
able medicine (18). 

Calcium carbide in the form of aggregated crystals 
was held patentable over the amorphous compound, 
which was worthless commercially, unfit for use in gas 
generators, and rapidly deteriorated when exposed to 
the air (19). 


UTILITY 


(4) 


An invention to have utility must not only have a 
good and useful purpose, but it must also be capable of 
accomplishing its intended purpose. 

A method of artificially spotting tobacco leaves was 
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held unpatentable, because the purpose of the invention 
was to deceive the public into thinking that the spots 
were natural (20). 

A tooth paste said to be capable of rebuilding decayed 
teeth was held unpatentable, because it could not ac- 
complish this purpose (27). : 


NOVELTY 


A thing is said to be new in the eyes of the patent 
law, unless all its elements can be found in a single 
prior description or structure where they do sub- 
stantially the same work in substantially the same way. 

The novelty of an alleged invention may be disproved 
by means of prior patented or unpatented inventions, 
prior printed publications, or evidence of prior knowl- 
edge or use. 

If the steps of a process are old, it is wholly imma- 
terial that the prior inventor did not know the under- 
lying theory, or realize all the advantages of his inven- 
tion. For, as we have seen, patentability cannot be 
predicated upon the discovery of abstract forces of 
nature, causes, and effects. 

In a recent case, a method of irradiating food to in- 
crease the vitamin content was held invalid, because 
farmers had from time immemorial allowed their hay to 
lie in the sun to improve their food value (22). The 
fact that farmers did not know the whys and where- 
fores of the process was wholly immaterial. 

If a person invents a method for making a chemical 
compound which is mentioned in the literature, he is 
not entitled to a patent on the compound itself. This 
is so, even if there was no previously known method of 
making the compound (23). Likewise, if an inventor 
discovers that a known substance has entirely unsus- 
pected and very useful properties. 

The literature mentions the condensation product of 
metacresol sulfonic acid and an aldehyde. Thuau dis- 
covered that this product had unsuspected therapeutic 
properties, and attempted to patent the substance as a 
therapeutic material. The patent was refused, because 
. it would in effect cover the use of an old material (24). 

Thuau did obtain a patent on the pure product, be- 
cause the literature only mentioned the impure conden- 
sation product, and the pure product was considerably 
more effective. Thuau might also have obtained a 
claim covering a composition containing the condensa- 
tion product as an ingredient, provided that the com- 
position was new and had therapeutic properties. 


INVENTION 


The question as to what constitutes invention is the 
most difficult one in the entire field of patent law. In 
one instance, it is possible to say without fear of con- 
tradiction that invention of a high order is pres- 
ent. In another case, it is possible to say that there is 
lacking that intangible something which distinguishes 
invention from mere mechanical or chemical skill. The 


difficulty resides in segregating and defining the intan- 
gible something so as to aid in the determination of the 
majority of cases which lie in between the extremes. 
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In a recent case (25), the Supreme Court stated that 
to be patentable, a new thing, “however useful it may 
be, must reveal the flash of creative genius, not merely 
the skill of the calling.”” This statement has given rise 
in the Courts and to a lesser extent in the Patent Office 
of a much higher standard of invention. For a time it 
appeared that no patent, irrespective of the amount of 
ingenuity involved, would be held valid. Fortunately, 
one court after another has rejected the so-called “‘flash 
of genius’ rule. As one court (26) aptly stated: 


“Our interest is in the child; not in how or where it was born 
or who were its parents.” 


In the remainder of this paper, we shall consider a few 
useful rules for determining the question of invention in 
chemical cases. 

Rule of Unpreaictability. In determining whether 
inventive ingenuity had been exercised, patent tribunals 
often reason by analogy. There is ample authority tc 
the effect that reasoning by analogy is more restricted 
in a complex field like chemistry or biology than in a 
relatively simpler field such as mechanics. Chemistry 
is still an experimental science, and chemical prevision 
is hardly more possible today than it was in former 
times. 

In a recent case (27), the Patent Office Board of Ap- 
peals stated: 

“Tt is now the well established practice in chemical cases not to 
assume that untried chemicals will have the same effect as others 


unless there is such a structural similarity as to suggest to those 
skilled in the art that the result would be substantially the same.”’ 


This rule has particular application to processes in- 
volving catalytic action, and to chemicals having phys- 
iological, biological, insecticidal, or similar activity. 

In the Corona Tire case (28), it was argued that since 
triphenylguanidine (T.P.G.) had been used as an ac- 
celerator for vulcanization, it did not involve invention 
to suggest the use of diphenylguanidine (D.P.G.) for the 
same purpose. The Supreme Court dismissed this 
argument with the statement that ‘“‘the catalytic action 
of an accelerator is not understood and is not known 
except by actual test.” 

In the Christmann case (29), an insecticidal composi- 
tion containing a guanidine-hydrofluosilicic acid reac- 
tion product was held patentable, though prior patents 
disclosed the use of other hydrofluosilicic acid reaction 
products as well as a guanidine for the same purpose. 

The following are the essential facts of the Hutzler 
case (30): It was old to use organic sulfides to dehair 
animal hides. Nevertheless, it was held patentable to 
use thioglycollic acids to remove human hair. The in- 
vention solved the problem of removing human hair 
without injury to the skin. 

Rule of Wietzel Case. In the Wieizel case (31), the 
court laid down the rule that if the prior art teaches a 
process for making one chemical compound and there is 
reason to suppose that the process could be used to make 
another old compound of related structure, it would not 
involve invention to try out the process to find that it 
can be used for making the second compound. 
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For example, organic thiocyanates can in general be 
made by reacting an organic chloride, an alkali thio- 
cyanate, and alcohol. A process for making a specific 
thiocyanate according to this reaction would be un- 
patentable, even though the specific compound had not 
previously been made. 

What has been said does not necessarily mean that a 
patent could not be obtained on the specific thiocya- 
nate. However, the specific thiocyanate, in addition to 
being a new compound, would have to possess unexpec- 
ted beneficial properties. 

A case in point is In re De Groote, et al. (32), wherein 
the court allowed a patent for a new compound consist- 
ing of the reaction product between a blown castor oil 


patentably new. 

The Wietzel doctrine obviously does not apply if there 
is reason to believe that the old type reaction would not 
work with specific materials. In one case (33), a proc- 
ess of chlorinating paraffin hydrocarbons was held 
patentable, because the court concluded that there was 
every reason to believe that the inventor’s result could 
not be achieved because of the difficulty of controlling 
the reaction of free chlorine with gaseous hydrocarbons. 

Homologs and Isomers. Homologs and isomers are 
substances of substantially similar chemical constitu- 
tion. Hence, a new compound, which is a homolog or 
an isomer of an old compound, is not patentable, unless 
it has unobvious or unexpected beneficial properties not 
possessed by the known compound. 

For this reason, 2-nitro-2-pentene was held unpatent- 
able over 2-nitro-2-butene (34). Likewise, 1-chloro-2- 
amino-pentene was held unpatentable over a lower 
homolog, and also unpatentable over the N-diethyl 
isomer (36). 

The term “homologs” is restricted to compounds 
differing by CHe or a multiple thereof. Hence, in a re- 
cent case, naphthyl methyl compounds were held 
patentable over the corresponding benzyl (phenyl 
methyl) compounds (36). Newly produced homologs 
or isomers of well-known compounds may be patent- 
able, if they have unexpected or unpredictable uses. 

If ethyl alcohol (ethanol) were a newly invented com- 
pound, it would be patentable over methyl alcohol 
(methanol). For despite the fact that ethyl alcohol is 
usually listed as a homolog of methyl alcohol, these 
substances differ considerably in their properties. 
Many persons to their consternation ascertained this 
fact with blinding results during the prohibition era. 

Di-(beta-chlorethyl) sulfide is the deadly mustard gas 
used in chemical warfare, whereas the corresponding 
alpha-chlor derivative is practically innocuous. Hence, 
these compounds, though position isomers, are patent- 
ably different. 

Certain mono and dihalogen substituted 8-hydroxy 
quinolines were held patentable (37), because they are 
excellent insecticides whereas their isomers are prac- 
tically inert. ‘ 

Judicious Selection of Substances. Generally speak- 
ing, it does not constitute invention to select judiciously 





and diethanolamine, though the process itself was not’ 
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from a list of previously used or suggested substances 
those that give the best results. 

Patentability was refused for a remedy for lung dis- 
eases (38), consisting of grated horse-radish, boiled in 
honey to the consistency of a jelly, and to be taken cold 
with balm of Gilead as a tea. Obviously, these sub- 
stances had been judiciously selected from a list of well- 
known remedial substances. 

The following are the pertinent facts of General Elec- 
tric Co. vs. Paramet Chemical Corp. (39). The resin art 
disclosed the making of glyptal resins from glycerol, a 
dibasic acid, and a monobasic fatty acid. The fatty 
acids specifically mentioned in the literature were non- 
drying and the resultant resins were nondrying, but 
certain patentees stated that other acids might be used. 
It was held-unpatentable to select a monobasic acid of a 
drying oil in order to produce a drying resin. 

The foregoing cases should be compared with Gilbert- 
Spruance Co. vs. Ellis-Foster Co. (40), which involved a 
patented varnish consisting of a solution of a glyptal 
resin and nitrocellulose. The defendant contended that 
the patentee had merely selected a glyptal resin from 
the long list of available resins in the art. However, it 
appeared that prior workers in the varnish art in making 
up nitrocellulose varnishes had overlooked glyptal res- 
ins, because they did not believe that such a hard resin 
would be compatible with nitrocellulose. The court, 
therefore, concluded that the patentee had exercised 
inventive genius by seizing upon a thing which had been 
available to all but which had been grasped by none. 


UTILIZATION OF COMMON EXPEDIENT 


There is ample authority to the effect that it does not 
involve invention to utilize a process or expedient which 
is old in an analogous art, or which is common to many 
arts. 

In the Vinton case (41), a method of reducing iron 
from heavy slag produced as a by-product of the blast 
furnace was held unpatentable, because the same proc- 
ess had been used in reducing the original iron ore in 
the blast. 

In the Hampel case (42), it was held to be a common 
expedient to premix several ingredients before mixing 
them with another ingredient. It was also held to be a 
common expedient to mix in enough water with a mate- 
rial to give the material a desired degree of moisture and 
workability. 

The court found that it was an old expedient to in- 
corporate sulfanilamide in an ointment by dissolving it 
in a hot solvent and then while still hot, adding it to a 
heated base material (43). 

Purifying a crude chemical by distillation and reflux- 
ing is a common expedient. Hence, it was held un- 
patentable to purify phthalic anhydride in this manner 
(44). 

It was old to pump concentrated hydrochloric acid 
into an oil well to increase its yield. The use of dilute 
acid mixed with an inhibitor to prevent corrosion was 
held unpatentable (45). 

The foregoing cases should be compared with Tan- 
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nage Patent Co. vs. Zahn (46). It was held patentable to 
apply a method which had previously been applied to 
the dyeing of fabrics to the tanning of leather. In both 
the tanning and dyeing processes, the materials were 
treated with an acid, and the acid then converted to 
oxide by chemical reduction. However, it clearly ap- 
peared that the functions of the reagents and the results 
in the two processes were radically different, and though 
the dyeing process had been in use for thirty years, in- 
ventors and scientists were vainly endeavoring to de- 
velop a practical process of chrome tanning. 

In the Sibley case (47), a patent was granted for a 
coating composition containing a drying oil, a positive 
oxidation carrier, and a specific inhibitor of oxidation. 
The specific oxidation inhibitor had been used in rubber 
compositions, but the patentee pointed out to the 
court’s satisfaction that most of the known oxidation 
inhibitors for rubber would not work with drying oils. 


DISPROPORTIONATE RESULT 


In conclusion, it should be emphasized that no matter 
how simple or obvious an invention may appear after it 
has been made, it is nevertheless patentable, if it has 
produced a disproportionate or unobvious change in re- 
sult or solved a difficult or previously unsolved problem. 

It was held patentable in an old case (48) to add a 
small piece of aluminum to molten iron just as it was to 
be poured into the mold, because this relatively simple 
expedient successfully solved the problem of making a 
casting free of blowholes. 

A sealing composition for tin cans consisting simply 
of latex and bentonite was held patentable in a recent 
case (49). 

In the Edwards case (50), it appeared that Edwards 
had by the exercise of inventive genius discovered the 
reason why cement slurries for sealing oil wells failed to 
set properly. An obvious solution of the problem was 
accorded patent protection. 

In another case (5/), a reversal of steps in a process of 
making sodium perborate was held patentable because 
the change in process resulted in a product of low bulk 
density. 
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Dynrrrt Ivanovicu MENDELEEV, the greatest Rus- 
sian scientist of his day, was never elected to member- 
ship in the St. Petersburg Academy of Sciences, al- 
though this was supposed to be the highest honor Rus- 
sia could give to her notable scientists. The reasons 
which lay behind this strange neglect furnish an inter- 
esting example of the effect of political and social condi- 
tions on purely scientific questions. 

The Academy of Sciences was founded by Peter the 
Great in 1725 in imitation of the scientific academies of 
western Europe.? Its announced aim was the stimula- 
tion of all fields of Russian science. It was allowed to 
elect its own members, who were given a comfortable 
salary, living quarters, and private laboratories, so that 
they could devote themselves entirely to their scientific 
work. According to the statutes by which it was gov- 
erned, in the election of new members, “‘Russian schol- 
ars are to be preferred to foreigners with equal attain- 
ments.”* At the time of its founding, however, there 
were practically no Russian scientists, and of necessity 
the members were all foreigners, chiefly Germans. 
These men soon became entrenched in positions of au- 
thority, and when Russians began to attain scientific 
distinction, the Germans formed a compact group, the 
so-called ‘German Party,’’ which used every means in 
its power to preserve its privileges and prevent the elec- 
tion of Russian members to the Academy. 

For over one hundred years, the Academy was the 
sole center of scientific research in Russia, but in the 
early years of the nineteenth century newly founded 
universities began to establish scientific departments, 
and by 1850 a considerable group of able Russians held 
professorships in many new scientific centers through- 
out the Russian empire. These men could no longer be 
denied admittance to the Academy, but the German 
party remained dominant, and its members did their 
best to hinder the advance of the Russians. They were 
the more active in their opposition since they recog- 
nized that their own scientific authority was weakened 
by the new research laboratories. Thus, by 1880, the 
German party was fighting for its life, and it was sup- 
ported in the struggle by the more extreme conserva- 
tives who dominated the bureaucratic government. 





1 Presented before the Division of History of Chemistry at the 
113th meeting of the American Chemical Society in Chicago, 
April 19-23, 1948. 

2 Leicester, H. M., J. Coem. Epuc., 24, 439 (1947). ‘ 

3StetTov, P. V., anp V. A. Stetova, “D. I. Mendeleev,” 
Journal-Newspaper Press, Moscow, 1933, pp. 92-5. 
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These politicians feared the liberalizing influence of sci- 
ence on young Russian students and wished to prevent 
the spread of scientific subjects in the universities. In 
addition, many of the bureaucrats came from Baltic 
German families and so sympathized with the German 
party for racial reasons. 

In 1880 the permanent secretary of the Academy was 
Konstatin Stepanovich Veselovskil, a statistician and 
political economist,‘ an extreme conservative, and a 
member of the German party. The president of the 
Academy was an official, Admiral Litke, and much in- 
fluence was exerted by Count Dmitrii Tolstoi who was to 
become president two years later. Tolstoi was one of 
the most reactionary politicans of the time. As Minis- 
ter of Education he had been responsible for the so- 
called reforms of 1871 which eliminated science teach- 
ing from the gymnasia in favor of a strictly classical 
education. It was characteristic of the political control 
of the Academy of Sciences that such an opponent of 
science could be elected its president. 

In 1880, chemistry was represented in the Academy 
by N. N. Zinin, in the chair of chemical technology, and 
A. M. Butlerov in the chair of chemistry. Zinin had in- 
troduced modern organic chemistry to Russia and had 
founded a school of research at Kazan University in 
1840-1850 to which most of the leading organic chem- 
ists of Russia later belonged. Butlerov, a student of 
Zinin, was one of the outstanding chemists of Europe, 
and shares with Kekulé the honor of introducing the 
structural theory of organic chemistry to the world. 
Butlerov was then professor of organic chemistry at the 
University of St. Petersburg and a close personal friend 
of Mendeleev. 

In February, 1880, Zinin died. In accordance with 
custom, the Academy named a committee of four to 
make nominations for his successor. The committee 
was composed of the mineralogist, Koksharov, the 
physicists, Vil’d and Gadolin, and the chemist, But- 
lerov. After some consideration, Butlerov and Kok- 
sharov proposed the names of Mendeleev and of Beke- 
tov, who was Rector of Kharkov and a popular theore- 
tical chemist. Vil’d and Gadolin nominated F. K. Beil- 
stein, professor in the Technical Institute.* 

At this time, Mendeleev was professor of chemistry 
at the University of St. Petersburg and was reaching 
the height of his fame. He had announced the periodic 
law in 1869, but for a time little attention had been paid 





4 MENsHUTKIN, B. N., Eng. Econ. Messenger (U. S. 8S. R.), 
5, No. 8-9, 1-16 (1925). 
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struggie.”’* | Veselovskii’s 
views wereeven more clearly 
expressed in his ownaccount 
of Mendeleev’s nomina- 
tion. He said, “Academi- 
cian Butlerov, at that time 
a professor in the Univer- 
sity, constantly waged open 
warfare against the Acad- 
emy, and to oblige his uni- 
versity colleagues, more 
than once tried to introduce 
Mendeleev into the Acad- 
emy, against the wishes of the 
Physico-mathematical Sec- 
tion. When the vacancy 
occurred for Ordinary 
Academician in Technology, 
Butlerov, obstinate and 
malicious towards the Acad- 
emy, nominated Mendeleev 
for it, though he well knew 
that there were not enough 
voices in favor of the can- 
didate; but he maliciously 


y of Sci 





Mendeleev and Beilstein at the 200th Anniversary of the Prussian A 


Left to right, standing: Ladenburg, Jorgensen, Hjelt, Landolt, Winkler, Thorpe. 


Beilstein, Ramsay, Mendeleev, Baeyer, Cossa. 


to it. It was considered merely another attempt, like 
those of Débereiner, Newlands, and others, to propose 
a theory, but its actual value was considered slight. 
However, Mendeleev had done more than any of his 
predecessors. He had predicted the existence and prop- 
erties of three new elements. In 1875 Lecoq de Bois- 
baudran discovered the first of these, gallium, and in 
1879 Nilson found the second, scandium. The brilliant 
confirmation of Mendeleev’s predictions amazed the 
chemical world and quickly brought him full measure 
of fame. In 1877 he was elected a corresponding mem- 
ber of the Academy of Sciences® with the warm recom- 
mendation of both Butlerov and Zinin. Thus, by 1880 
he was recognized in Russia and in the rest of the world 
as an outstanding genius. Scientists everywhere took 
it for granted that his election to the Academy was cer- 
tain. 

However, Butlerov understood the true conditions, 
and knew the difficulties faced by the candidacy of Men- 
deleev. The old enmity between the German and Rus- 
sian parties continued with unabated vigor in the inner 
circles of the Academy. The struggle was augmented 
by the rivalry between the Academy and the univer- 
sities. At one time Veselovskif had told Butlerov, 
using the contemptuous second person singular, “Thou 
wishest that we ask the permission of the university 
for our selections. That will never happen. We do 
not need the university. Even if it were a better 
institution than the Academy, still we would not need 
it. Meanwhile, we will live on, we will continue to 





5 Reference 3, p. 82. 


rejoiced in revenging him- 
self by causing an un- 
pleasant scandal for the 
Academy.’ 

In addition to this struggle within the Academy, 
there were personal feelings involved. At the time that 
Count Tolstoi had introduced his repressive measures 
in education, Mendeleev had been a member of a com- 
mission to advise Tolstoi. Mendeleev disapproved 
strongly of the new policy and did not hesitate to say so 
openly. The Minister of Education was angry, and for 
the rest of his life did his best to injure Mendeleev in 
every possible way. He could not find any open 
method for harming the scientist, but his power in the 
Academy permitted him to work closely with the 
German party, with whose policies he sympathized 
in any case. Before his death in 1889, he told Vese- 
lovskii, “Only remember, Mendeleev must not be 
recognized by the Academy in any way.’” 

Thus, Butlerov was well justified in his doubts as to 
the election of his colleague and friend. However, 
he urged his cause in a long public letter* which clearly 
shows what he felt to be the most effective argument 
he could use in this case. Although he stressed the 
periodic law and its remarkable confirmation he laid 
most emphasis on the tremendous reputation which 
Mendeleev enjoyed abroad. He quoted the laudatory 
words of such renowned chemists as Wurtz, Lothar, 
Meyer, Crookes, and others. Bearing in mind that it 


Seated: van‘t Hoff, 





6 Kuznetsov, B. G., “Lomonosov, Lobachevskil, Mendeleev,” 
Academy of Sciences Press, Moscow and Leningrad, 1945, p. 226. 

7 MENDELEEVA, A. I., “Mendeleev in Life,’ Sabashnikov Press, 
Moscow, 1928, pp. 118-19. 

8 Quoted in full by TisHcHEenko, V. E., J. Russ. Phys. Chem. 
Soc., 51, 641-51 (1929). 
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was the chair of technology for which his friend was a 
candidate, Butlerov pointed out the numerous con- 
tributions of Mendeleev to applied chemistry, and his 
attempts to aid Russian industry, but in his conclusion 
he returned to his major point and again stressed the 
great prestige of Mendeleev in Germany and England. 
It is clear that he was attempting to force the hand of 
the Academy by making the election of Mendeleev a 
point of national honor. 

The German party, however, was immune to any 
such arguments. The election was held on November 
11, 1880. Sixteen members of the Physico-mathe- 
matical Section were entitled to vote, while as ex- 
officio members the permanent secretary of the Acad- 
emy had one vote and the president two. Mendeleev 
received nine favorable votes, and ten were cast against 
him. There can be little doubt as to the origin of 
three of these negative votes, so that the majority of 
the actual members of the section favored him.® 

As soon as news of the vote was received, a storm of 
indignation broke both in the scientific and the popular 
press, for Mendeleev was universally recognized as the 
greatest living Russian scientist. The newspapers 
ran columns of comment, and one of them raised by 
public subscription more than 3500 rubles to be awarded 
in the name of Mendeleev for chemical research.” 

The Russian universities sent messages of indigna- 
tion, and many, including his own, made him an hon- 
orary member. Scientific societies in Russia and abroad 
extended him the same recognition. The attitude of 
Mendeleev himself toward these honors is summed up 
in the acknowledgment which he sent to the Rector of 
Kiev University: “TI heartily thank you and the Senate 
of Kiev University. I understand that this action is 
offered in the name of Russia and not for me.’’ 

The Russian Chemical Society, of which Mendeleev 
had been one of the founders, drew up a statement 
which concluded with the words: ‘‘The indisputable 
value of the services of this candidate, whose equal 
cannot be found in Russian science, and his reputation 
abroad, make his rejection entirely incomprehensible. 
In view of the repeated failure on the part of the Phys- 
ico-mathematical Section of the Academy of Sciences 
to select the best Russian scientists, we consider it 
necessary to take public notice of this.’”’ This state- 
ment was distributed to all members of the Society, 
and almost all signed it. Some even sent telegrams 
with such messages as, “I would sign twenty times.” 

Only one Russian chemist did not add his name to 
this statement. Instead, he suggested that an address 
be presented to Mendeleev, reading, ‘Although there 
are people who consider that Dmitrif Ivanovich is not 
worthy of the highest scientific position, yet we, who 
are more competent to judge than anyone else, find 
that in our science, Dmitrii Ivanovich is an outstanding 
scholar.” The chemist who made this suggestion 
was Friedrich Konrad Beilstein. 

° Reference 6, pp. 326-7. 


10 MENSHUTEIN, B. N., “Life and Activities of Nikolaf Alexan- 
drovich Menshutkin,” Frolov Press, St. Petersburg, 1908, p. 224. 
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Beilstein" at this time was professor of chemistry at 


the Imperial Technical Institute. His family was of 
German origin, but his grandfather had settled in 
St. Petersburg, where the family lived in the German 
section of the city. Beilstein himself was educated in 
the German schools of the Russian capital and at an 
early age went to Germany to study chemistry. He 
remained in Germany for thirteen years, but in 1866 
he returnec. to Russia to take over the position which 
Mendeleev relinquished when he was called to the 
University of St. Petersburg. In this position Beil- 
stein remained for thirty years. Most of his time was 
occupied in compiling his “Handbook.” As the work 
on the book progressed, he grew more and more out of 
touch with his students and his Russian colleagues, 
The difficulties and political unrest which troubled the 
Russian universities meant little to him. He was of an 
unsympathetic nature and an ironical disposition. He 
was bored by the student riots and once remarked, 
“Next week in my lectures I come to sulfur, and so 
the student riots must begin.”” He remained in Russia 
only because he felt that there he could devote all his 
time to writing, while if he returned to Germany he 
would be required to perform work in the laboratory. 
Thus he kept apart from the university and scientific 
circles of his native country, viewing them with a 
detached and pessimistic eye. Naturally, these views 
coincided with those of men such as Tolstoi, and Beil- 
stein had a wide acquaintance among court officials 
and bureaucrats and was known to exercise consider- 
able influence in these circles.’ 

Following the rejection of Mendeleev, it was this 
man who was elected to the vacant chair of the Acad- 
emy early in 1881. The matter was officially closed, 
and when it might have been reopened after the death 
of Butlerov in 1886, Mendeleev himself prevented this 
by refusing the nomination for the chair of chemistry. 
The Academy elected Beketov, the other nominee of 
1880. 

However, the scientists and students did not forget. 
Even ten years later feeling remained high. In the 
early years of the nineties Mendeleev attended a jubilee 
meeting of the Russian Chemical Society, and the 
description of his reception which has béen given by a 
member of the first-year class shows how the Academy 
was still regarded. ‘Such an important event could 
not take place without the first-year students. They 
filled the public hall of the university. There were no 
suitable places for them but they thronged the passages 
and the aisles. I remember that in the chair a small per- 
son showed a heavy volume of his own composition on 
organic chemistry. This was the man elected by the 
Academy of Sciences to the chair of chemistry instead 
of Mendeleev, the honorary member of most learned 
societies, the honorary doctor of most universities, 
even those of Australia, but slighted by his own Acad- 
emy of Sciences. But the little academician had to 

11 Reference 10, pp. 223 -4. 


12 HyExt, E., Ber., 40, 5053-4 (1907). 
(Continued on page 444) 








€ A NEW TYPE HIGH-CAPACITY GENERAL 
CHEMISTRY LABORATORY AND LECTURE HALL 


In ruese pays of high building costs it becomes neces- 
sary to accommodate the maximum number of chemistry 
students in the minimum amount of space. For those 
contemplating building a modern up-to-date labora- 
tory I should like to point out that the cost is at least 
$1.90 per cubic foot, and the work has to be done almost 
entirely on the cost-plus ba- 
sis. 

In order to accommodate 
many hundred students in 
several different courses in 
general chemistry and quali- 
tative analysis, and to look 
forward to our needs for the 
next half century, it became 
necessary to build a labo- 
ratory that would take care 
of as many students as pos- 
sible in a relatively small 
amount of space. 

It seemed obvious that 
the conventional type of 
laboratory desk could not 
be used and an improved 
type would have to be de- 
vised. The first innovation 
that came to mind was to 
place all commonly used ap- 
paratus out in the open and 
to replace the usual lockers 
with small drawers. Fur- 
thermore, in order to avoid 
trouble from leaky pipes, 
that gave us no end of diffi- 
culty in our old laboratory, 
it was decided to run all 
pipes on top of the desk 
where they would be readily 
accessible. 

To accomplish these ob- 
jectives the pipes (water and 
gas) were run through a 6 
X 6 in. pipe box on top of 
which rested a new type unit 
consisting one-half of cup- 
board and the other of peg- 
‘board. This unit is clearly 
shown in Figure 1. The 
cupboard holds the ring 


Figure 1. 
stand, the tripod, burners, 
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Close-up View of Students Laboratory Desk Showing the Cupboard-Pegboard Unit, Pip4 
Channel, Soapstone Top, and Twelve Drawers with Snap Locks. 


EDWARD O. HOLMES, JR. 
Boston University, Boston, Massachusetts 


pneumatic trough, three sizes of graduates, a casserole, 
an evaporating dish, filter paper, asbestos gauze, a 
sponge, a clamp, three roundneck bottles, three Erlen- 
meyer flasks, two florence flasks, and a funnel support 
hanging from a notch. The pegboard contains four 


beakers, six test tubes, two brushes, a test tube holder, 
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a deflagrating spoon, a rack 
with two burets, and a clip 
and shelf to hold the labora- 
tory manual which is a great 
convenience and saves desk- 
top space. ‘The apparatus 
mentioned was chosen after 
careful consideration of the 
needs of the students in our 
various courses in general 
chemistry. Naturally, any- 
one desiring to adopt the 
general idea of placing cer- 
tain pieces of apparatus in 
the cupboard-pegboard ar- 
rangement would vary it to 





meet his own needs. 

Each student is assigned a 
drawer that is divided into 
three sections by low par- 
titions. The first divides 
the drawer into space just 
wide enough for a test-tube 
rack which will not fall over 
when the drawer is closed. 


with larger beakers, a towel, 
crucibles, and laboratory 
notebook. The drawers are 


af provided with spring locks that catch when a drawer is 


shut, and all locks are masterkeyed alike. The back 


PPaA side of these units is just the reverse of that shown in 


W Figure 1, so that the pegboard always comes on the 


right-hand side and the shelves on the left. 


Each student has four feet and a half of bench top on 
which to work, with a sink at one end or the other. 
Four students work on each side of an aisle. The sinks 
are open underneath so that leaks in them or their traps 
may be repaired with the least effort. Low reagent 


si shelves for acids, bases, and other common chemicals 


nit, Pip¢ 





4} stopcocks. 
@ illumination and general room ventilation is provided in 
m overhead ducts. 








are provided in back of the sinks and between the cup- 


ff board-pegboard units. 


At one end of each series of four desks is a balance 


table and at the other a 4- X 5- ft. reagent rack. Two 


walls of the laboratory are lined with hoods in which hy- 


{ drogen sulfide is piped from a cylinder in another part of 


the building through aluminum pipes with hard rubber 
Fluorescent lighting provides shadowless 


The laboratory is thirty-five feet wide and seventy- 
five feet long and accommodates sixty-four students at a 
time. With twelve drawers to each desk the over-all 
capacity is 768 students. Thus the laboratory can be 
used continuously throughout the week with very little 
confusion. By having the high cupboard-pegbeard 
units in front of every student, we find that the labo- 
ratory is unusually quiet and that each student tends to 









Figure 2. Lecture Table with Central Blackboard Panel Raised to Show Preparation Room Behind. 
(The Left Detachable Section Has Been Entirely Removed.) 


work individually. An assistant is assigned to three 
aisles and keeps close supervision over the students in 
his area. 

The advantage of this new type of cupboard-peg- 
board desk is that it increased the over-all capacity of 
the laboratory to four times that of the conventional 
three-locker type, and at the same time cuts down 
greatly the investment in common laboratory equip- 
ment. The cupboard-pegboard unit is checked by the 
stockroom clerk after each group leaves and any miss- 
ing or dirty apparatus is replaced at the expense of the 
student who just finished using the desk. Checking is 
relatively easy and rapid for it is possible at a glance to 
detect anything that is missing or dirty. What little 
loss occurs due to petty thievery is insignificant in com- 
parison with the cost of three more laboratories of the 
same size ($200,000), plus the additional expense of serv- 
icing and maintaining the same. 

The large lecture hall had to be designed for continu- 
ous use throughout the day and evening hours. The 
problem was to provide a means of setting up demon- 
stration equipment while the room was being used. 
Ordinarily, this is done by having detachable ends to 
the lecture table that can be rolled out into a preparation 
room that is usually behind the blackboard, or at one 
side or the other of the lecture hall. 

On account of the location of our lecture hall it was 
impossible to place the preparation room at either side 
and so it had to be located in a position behind the black 
boards. To roll the movable lecture table ends into 
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Figure 3. View Looking Into the Lecture Hall from the Preparation Room Showing the Back Side of 
Lecture Table, and Mechanism for Providing Movable Ends with Power and Service by Means of ‘‘Jumpers.”* 


and out from a preparation room so placed would mean 
having wide doors at either side of the blackboard. 
This method we considered awkward and wasteful of 
space, so the preparation room was made narrower and 
deeper, extending back into the building. It may be 
entered from the lecture room directly by electrically 
lifting the wainscoting, the blackboards, small movie 
screen, and an iron drop curtain, so as to form a wide 
passage through which to roll the detachable lecture- 
table ends quickly and conveniently. 

Figure 2 shows the front of the lecture hall with the 
wainscoting, blackboards, screen, and iron safety cur- 
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tain lifted to their upper 
position. Also, it shows one 
of the ends rolled into the 
preparation room and the 
other detached and turned 
so that the back side may be 
seen. 

Figure 3 is a view taken 
from within the preparation 
room looking into the lec- 
ture hall. It shows the wide 
opening in the wall that is 
formed when all the fixtures 
are raised, and the back of 
the lecture table. The ar- 
rangement whereby ‘“jump- 
ers’ areused to carry various 
lecture table services across 
to the movable ends can be 
seen. It should be noted 
that the lecture hall contains 
no windows. This solved 
the problem of darkening the 
room when slides or movies 
are shown, and also that of 
keeping the direct sunlight 
fromshining on thestudents, 
especially in the summer. 

It takes about two min- 
utes toraisethe wainscoting, 
blackboards, screen and iron safety curtain, replace the 
lecture table ends with the second set that has been pre- 
pared for the next lecture, and lower everything back in 
place. This enabled us to find space for a large research 
room on one side of the preparation room and a corridor 
on the other, which would not have been possible other- 
wise. The mechanism that lifts and lowers the 
wainscoting, blackboards, small movie screen, and iron 
safety curtain is controlled by a series of buttons in a 
panel to the right of the blackboards and also by a cor- 
responding set in the preparation room. So far, the 
operation has been perfect. , 


MENDELEEV AND THE RUSSIAN ACADEMY OF SCIENCES 
(Continued from page 441) 


interrupt his speech, due to a roar of applause. In the 
passage, above the sea of heads, there appeared and 
advanced a head of floating gray hair—Mendeleev. 
This was a sincere ovation by the young scientists, 
but more, a fervent demonstration against the Academy 
of Sciences: “There is the real choice, and as for yours, 
we will not even clap our hands.’ The students pas- 
sionately judged the case of the learned chemist and 
concluded, ‘It is a fine thing to discuss organic chem- 
istry when you are only a child in inorganic!’ In our 
zeal we young people were among the followers of 


Mendeleev and did not value Academician Beilstein.’’! 


Time has fully justified the judgment of the students 
and of most of Mendeleev’s contemporaries. Today 
the name of Beilstein signifies only the handbook, 
whose major development came from the hands of 
successors of its original author. Mendeleev, on the 
other hand, continues to hold his place in the small 
group of front rank chemists of all time. 





13 OzaRovsKAyA, O. E., “D. I. Mendeleev in the Recollec- 
tions of O. E. Ozarovskaya,”’ Federation Press, Moscow, 1929, 
pp. 11-12. 
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8 GUINEA PIGS IN THE CLASSROOM 


T we rirst of the experiments here related was under- 
taken when the experimenter was only 19. The guinea 
pigs were a group of freshmen of the class next following 
hisown. They were given a concentrated dose of chemi- 
cal instruction, so ingeniously divested of every diffi- 
culty that it was termed “Science for the Simple 
Minded.” 

Twenty such meetings (at ten cents per person per 
meeting) resulted in the whole group passing their regu- 
lar course in chemistry. That was cheap instruction, 
even for those days; it enabled the experimenter, for 
the first time in his life, to blossom out in a panama hat 
and a pair of tan shoes and to afford a half interest in a 
canoe. 

The experiment did something more than prove that 
chemistry could be made easy. It showed what items 
in chemical instruction were most necessary to an under- 
standing of the rest. The experimenter, with the preju- 
dices of his 19 years, would have told you that the sole 
difference between a good teacher and a poor one is that 
the former makes students work and the latter lets 
them loaf. So each of these meetings was followed by 
plenty of work to be done at home in preparation for 
the next meeting. 

Experiments that followed, with other sets of guinea 
pigs, were for a long time chiefly concerned with tighten- 
ing the screws on students without causing too much 
pain to their instructor. Let others concern themselves 
with pedagogic theories or even goals and objectives; 
we were out to teach chemistry. That the methods used 
were not unpopular may be judged by the lifelong friend- 
ships that developed with some of the members of those 
classes. Students can be made to enjoy effort, if they 
see that effort pays out. 

In the years that followed many other groups of 


guinea pigs were the subject of instructional experi- . 


ments. Lecture and quiz classes grew in size. To 
date, about twenty thousand students have passed 
through them. In addition, several hundred thousand 
others were involved indirectly and unconsciously in 
using texts based on experience with earlier groups of 
guinea pigs. 

Looking back toward those early days, when the 
American Chemical Society had only about 5000 mem- 
bers, as compared with more than 50,000 at the present, 
one is impressed with the extraordinary progress of the 
science of chemistry and the equally striking changes in 
experimental equipment and the content of textbooks 
and courses. Yet methods of instruction seem but 


little improved. In the laboratory they have often be- 
come worse. 
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Still today we must contend with teachers. who have 
no gift for teaching. Beginners are still often taught by 
assistants who are hardly better prepared than the best 
of students they teach. We still have courses that are 
concerned with details of information rather than with 
training in the art of chemical thinking. We still put 
up with laboratory instruction that is trivial, confused, 
neglectful of technique, improperly supervised, unre- 
lated to other parts of the course, and a refuge for sloth, 
carelessness, and dishonesty. 

‘Classroom expedients developed with those early 
groups of guinea pigs are as valuable as ever today and 
deserve to be widely practiced. We pried students out 
of their easy classroom chairs and stood them in long 
rows at the blackboards, solving problems or answering 
questions dealt from a deck of cards. The instructor, 
at a glance, could determine which of 20 students had 
come to class prepared. For recitations on paper we 
seated all the worst students next the classroom aisles, 
where one could stroll up and down and determine by a 
glance, from a distance of ten feet, whether anyone had 
misplaced a decimal point. We recommend that 
method still, to all not handicapped by bifocals. 

We were not long in becoming aware of an important 
law: Every student has credit on the registrar’s books for 
several preparatory courses that he cannot actually use. 
So, in every course in elementary chemistry, in spite of 
previous credits in English, algebra, and physics, some 
time had to be set aside for such details as the proper 
manner to set up a definition, the use of logarithms and 
powers of ten, the distinction between force and pres- 
sure, the arithmetic of the simple gas laws. So we be- 
gan to perceive the need for being sensitive to defects in 
students’ backgrounds and willing to remedy them. 


GOALS AND STANDARDS 


As years went by, we would sometimes meet former 
students who would suddenly challenge one to name 
them, A glance at the challenger’s face might then 
identify his ancestry and so permit a guess at a name. 
Thus what was merely an interest in anthropology 
gained reputation as a memory for names. 

These men admitted being distinguished members of 
the bar or distinguished filling-station attendants. Few 
admitted remembering any chemistry. So we began 
to give more thought to goals, objectives, destinations. 
What good had been done the thousands of forgotten 
men who had won a passing grade in elementary chemis- 
try then had faded from academic remembrance, ex- 
cept for chance glimpses at football games? 

In pessimistic moments one reached the dismal con- 
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clusion that our most important service had been in dis- 
suading students with no talents for chemistry from en- 
tering careers based on that science. Positive benefits 
for persons who never had intended to use chemistry 
were harder to discern. Had we taught them much 
about the scientific method during those few months? 
We doubt it. But positive benefits there were, though 
indirect ones. To perceive these was to direct effort 
toward attaining them with succeeding classes. 

What goals should be set for the great host of students 
for whom chemistry is only a part of a general edu- 
cation? Had we no larger duty than just to teach 
them chemistry? Perhaps our duty might be to con- 
tribute in any way we could to their intellectual develop- 
ment. We thought that sound chemical instruction 
could afford side glances at spelling, the precise defini- 
tion of technical words, short cuts in calculation, neat 
laboratory records, the preparation of charts and 
graphs, effective methods of study. We found ways to 
apply pressure, even to large groups of students, to make 
sure that some attention was paid to these “secondary 
goals” of a course in beginning chemistry. One ruled, 
for example, that misspelled words rated as so many 
blanks in written recitations; and that infractions of 
standards of care and neatness, if persisted in, would be 
noted and would limit a student’s final grade. The 
childish interest in grades may be made a weapon in the 
service of scholarship, pending awakening to what 
scholarship means. 

Beyond these secondary goals, there was one prim- 
ary goal, which seemed the same for students of the most 
diverse probable futures: To teach the fundamentals 
needed to read and understand chemistry in textbooks and 
periodicals. Students were never asked to recall the 
formulas of other than major compounds; nor details 
of analysis, except as they might illustrate principles; 
nor industrial uses, except as they could be related to 
properties. There was danger that an interest in mere 
facts might reveal many which the instructor himself 
did not know. Instead, we gleaned facts, by the hun- 
dred, from textbooks that were mere compendia of 
facts, and asked students to survey them in a search for 
principles. Here is an expedient in instruction that de- 
serves to be widely practiced. 

In pursuing our main purpose of teaching students 
how to read chemistry we moved toward such second- 
ary goals as increased precision in the use of language, 
increased common sense about numbers, experience in 
using tables and in recording data, experience in sum- 
marizing information in tabular form. We still often 
have students search half a dozen textbooks for the 
clearest definitions of important technical words and 
the clearest statements of important laws. Student 


opinion, after such a comparison, might reasonably de- 
termine a choice of texts. 

At present, the year’s work is begun with drills in- 
tended to develop essential skills: accurate use of about 
a hundred technical words, writing of formulas of about 
a hundred common substances, the use of ionic and con- 
ventional equations, the use of logarithms and powers 
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of ten, relative weights from balanced equations, and 
relative volumes of reacting gases. Following a half- 
semester or full semester of such drills, during which the 
poorest students are eliminated, it is assumed that those 
who remain have acquired the most necessary prelimi- 
nary skills. Emphasis, from this moment, is on the de- 
velopment of ability to think which is tested by “open- 
book” examinations. 


CHEMISTRY IN A LIBERAL EDUCATION 


The value of chemistry as a part of a liberal education 
is surely by virtue of its contacts with other intersts. 
So momentary dips into human history or literature 
were ventured, when asbestos occasioned a quotation 
from Marco Polo; or when the physical properties of 
steel recalled the contest between King Richard and 
the Soldan in Scott’s “Talisman”; or when the deoxi- 
dation of metals as a prelude to casting was illustrated 
by the precautions taken by Benvenuto Cellini in puring 
the bronze statue of Perseus and the Medusa; or when 
sulfur as a component of black gunpowder was related 
to some incidents in the history of Sicily. Such illus- 
trations doubtless helped to make chemistry a little less 
like dust in the mouths of those whose chief interests 
were elsewhere. Nevertheless, we felt disillusioned and 
frustrated when we introduced a course in beginning 
chemistry by an account of the chemical voyages of the 
Phoenicians. The whole thing fell flat because none of 
the class had ever heard of Phoenicia, Albion, Ultima 
Thule, or the Pillars of Hercules. 

With premedic or engineering students one may often 
find apt illustrations of chemical principles by stepping 
across the artificial boundaries that separate the differ- 
ent sciences. In speaking of crystals and crystalliza- 
tion we make contact with geology by exhibiting geodes. 
The broader view of oxidation and the release of energy 
in oxidation may be illustrated by the sources of energy 
of different classes of bacteria. The energy stored in a 
tank of compressed air may be recognized as potential 
energy. Conservation of energy can be seen in the flow 
of liquids in pipes—a simple idea which is often ob- 
scured by being dressed up in mathematical symbols 
and labeled Bernouilli’s theorem. In speaking of trans- 
formations of energy one may quote Faraday and ask 
whether he was right in tracing all of the earth’s energy 
to a solar origin. Here in Hawaii we may show movies 
of an eruption of Mauna Loa and speculate about the 
sources of energy in vulcanism and the consequences of 
the low heat conductivity of gas-filled lava and volcanic 
ash. 

The point of all this is that the most interesting illus- 
trations of chemical principles have not yet been em- 
balmed in chemical textbooks. Publishers have always 
hailed each new text as a literary spineless cactus_ or 
puckerless persimmon. Yet each new one runs in the 
same old channel. One wonders why a new book is not 
more often produced by inquiring, “What minimum 
skills must a beginner acquire to be able to read exist- 
ing books or periodicals with understanding?” Our 
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versatile science should speak with a thousand voices. 
The best approach to it is not through the usual parade 
of the elements. Why waste what is presumed to be 
literary skill on the same old story? 


A PLAN FOR WRITTEN RECITATIONS 


It seems important for the instructor not to be so 
burdened with papers that he has no time for students. 
The most obvious escape is to resort to true-and-false or 
multiple-choice tests, which may be graded by an assist- 
ant. We have often used these for a preliminary sort- 
ing of an entering freshman class; or to determine 
which of several groups had learned the most during the 
freshman year; or in experiments to discover which of 
our students had the ability to recognize, understand 
and remember the essential features of an assignment, 
within a brief study period. 

However, such tests do nothing toward training in the 
art of connected exposition. They fail to reveal 
methods of thought that may stumble upon correct 
answers, yet are meandering and confused. They ig- 
nore the fact that there are elements of falsity in almost 
any statement which at first thought seems to be true. 
They usually give no opportunity for the student to 
learn from his mistakes. So over many years, we have 
sought for a plan for written recitations that would 
have high instructional value, yield abundant evidence 
about student progress, and spare the instructor. 

The best of the many schemes we have tried is still in 
use: Each student brings to the first quiz of the semes- 
ter a recitation pad (Hopaco 206) and a sheet of carbon 
paper, cut to size. At the end of a 15-minute written 
recitation the original sheets are collected by the in- 
structor. 

Students retain the carbon copies, and immediately 
grade and revise their own papers, during a discussion in 
which the instructor indicates what answer should have 
have been made for each question. At this time, ques- 
tions asked by the students may bring out other possible 
interpretations or points of view. The instructor may 
thus improve his list of questions for the benefit of later 
groups of students. The revised carbon copies should 
be retained by the students, for subsequent reviews. 

Each student rates his paper on a bonus point scale, 
ranging from —2 to +4, with the following percentage 
equivalents, which students copy at the first quiz, on the 
back of the recitation pads: 


Percent- 
ages: 
Scores: 


0-52 53-60 61-68 69-76 77-84 85-92 93-100 
~2 -1. 0 1 2 3 4 


At the end of the period, pads and carbon sheets are 
collected. Students who claim positive scores record 
their scores in ink on sheets in manila folders (20 names 
to a sheet) on the instructor’s desk. During the early 
part of the semester (while establishing standards), and 
when difficult topics are first introduced, only aboyt a 
third of the students claim positive scores. At other 
times 65 to 80 per cent do so. 
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Of the papers handed in, those for which no positive 
score is claimed are scored zero and discarded. Nega- 
tive scores are incurred“only by students who are ab- 
sent from class or who are so inattentive during the dis- 
cussion that they claim positive scores for nearly worth- 
less papers. 

For some of the papers for which a positive score is 
claimed, the instructor accepts the student’s own esti- 
mate. The remaining papers are graded and the scores 
recorded on the manila sheets, in a separate column 
from the students’ estimates, for easy comparison. 
Rule a vertical line in the instructor’s column through 
squares representing ungraded papers. Student’s self- 
rated scores should nearly always agree with the in- 
structor’s rating. If they do not, more time should be 
given to the discussion on which their rating is based. 
It has instructional value and should not be hurried. 

In the end, the total score is based in each student’s 
own estimate of his work; but those who have often 
rated their papers too high have their total scores pro- 
portionately reduced at the end of the semester. An 
averaged total score, s, is converted into a percentage 
by = 65 + 8s. 

Students who usually score +3 are invited to attend 
conferences with the director of the course to have their 
work more critically examined, and to benefit from 
special assignments or other interesting variations from 
routine instruction. 

There is an important follow-up for poor students. 
Each paper scored zero must be rewritten at home, to- 
gether with the alternate set of questions (odd vs. even 
seats). This must be handed in with the new paper at 
the following recitation, or the new paper is refused. 
Students who persist in scoring zero are asked to hand in 
extra textbook questions until their work improves. 

These written recitations are only a part of the course, 
and early zero scores are interpreted as a pass with a low 
grade if the student gives evidence, in survey examina- 
tions before the end of the semester, that he has learned 
some chemistry, after all. If he can attain the goals 
that are set for him, one should not be too deeply con- 
cerned that he started slowly. 

An instructor thus freed from wasting his time on 
trifles and triflers can devote more thought to goals, 
purposes, and standards. For students, there is untold 
benefit in following each quiz by an immediate discus- 
sion of what should have been written. To criticize 
one’s own work and correct one’s own errors is certainly 
much more valuable than to glance at a grade bestowed 
by someone else, and give no thought to correcting the 
faults that a low grade discloses. 


LABORATORY INSTRUCTION 


In most colleges, laboratory instruction in elemen- 
tary chemistry is utterly unimaginative. Poor super- 
vision, untrained assistants, and overcrowding contribute 
to sloppy manipulation, lack of student interest, un- 
ceasing noise, disorder, and confusion. Some courses 
include no quantitative work whatever. Others take 
pride in quantitative experiments which are performed 
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with inadequate equipment or which absorb so much 
time in the- techniques of what is really physics that 
there is little time left to learn any chemistry. 

The chief fauit lies in the laboratory manuals. Most 
of them are overloaded with tests and details that are 
trivial and unrelated. Moisten a piece of filter paper 
with dilute sulfuric acid and lay it on the steam radiator! 
Leave a sample of calcium chloride lying around until 
the next laboratory period! Evaporate a solution of 
sulfur in carbon disulfide and sketch one of the crystals 
you obtain. (Try that yourself!) Such piffle sheets, 
printed or mimeographed, teach nothing that is not 
already known to smart quiz-kids at the age of ten. 
College instruction belongs at higher levels. It needs 
better defined goals in laboratory instruction. 

A five-minute visit to any typical freshman labo- 
ratory will reveal that the most immediate need of be- 
ginners is instruction in technique. Even simple things 
are all done wrong! Freshmen will try to dissolve 
coarse crystals without ever thinking to grind them; 
they will use cloudy reagents, then falsely report the 
formation of a precipitate; they will attempt to com- 

’ pare the color of a liquid held to the light in a test tube 
with the color of another in a bottle on a dark shelf; 
they will take a gram of material when a microgram 
would serve; they use dirty glassware; they spill rea- 
gents in the balance cases and on the tables, shelves, and 
floor. 

So the first assignments in our present (unpublished) 
laboratory course all hammer on technique. While lec- 
tures run through the usual preliminary textbook chap- 
ters on oxygen, the gas laws, water, and what not, stu- 
dents in the laboratory are learning to manipulate. 
In approximately the order here given they learn about: 
silence and neatness in the laboratory, cleaning glass- 
ware, the metric system, weighing, recording data, 
measuring, grinding, transferring liquids and solids, 
estimating quantities, significant figures, dissolving, 
filtering, plotting curves, evaporation, distillation, de- 
termining density, bending glass, boring corks, assem- 
bling equipment, the use of stands andclamps, making up 
normal solutions, titration, spot tests, qualitative sepa- 
rations, blank tests and confirmatory tests, contrifuging, 
special types of manipulation (such as the reaction of a 
gas with a liquid or solid; fusion; bead and blow-pipe 
tests). These are the sort of things that anyone must 
learn to do right who expects to be worth thirty 
cents a week in the chemical laboratory. 

Though the emphasis is on correct technique this is 
taught by a succession of little laboratory problems— 
dozens of them. The course is called FIND OUT. Is 
sodium carbonate or soap as good for cleaning glassware 


as Calgon or certain commercial cleansers? Find out. 
Is one solid denser than another? Find out. Which of 
two tests for copper is the more delicate? Find out. Is 


sodium carbonate appreciably decomposed by heat? 
Find out. The earliest problems are solved by tech- 
niques that are obvious and simple. Later ones require 


apparatus to be designed and assembled. Students are 
encouraged to look for minor problems that turn up in 
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solving the major ones, and to think their way through 
them. That is teaching the scientific method by ex- 
ample. 

The instructor himself will often be puzzled by the 
minor mysteries that appear in such experiments, 
Why does one student get well-formed ferric alum 
crystals, but his neighbor an uncrystallizable sirup? 
Why is stockroom hypochlorite sometimes pink? 
Why does a sulfite solution sometimes keep for weeks 
and at other times completely oxidize within a few days? 
Why does silver react with hydriodic acid? The better 
the technique and the more closely directions are fol- 
lowed the fewer minor mysteries appear; or, it may be 
that the more sophisticated the observer the fewer 
mysteries he will notice. 

It is a quieter and more thoughtful group of guinea 
pigs who enter the second semester. The problems 
they are asked to solve become more and more elabo- 
rate. Will silver sponge reduce ferric iron? Make 
some and find out. (That problem begins with a search 
in a reference book to find out how silver sponge is 
made.) Is the reaction between sulfur dioxide and 
sodium carbonate reversible? Find out. What are the 
proper conditons for the gelation of water glass by an 
acid? Find out. 

By the time such problems are reached, directions for 
manipulation may be very sketchy, since students have 
already acquired a considerable number of standard 
manipulative skills. In problems such as the last one 
just mentioned, students learn that one of the character- 
istics of the scientific method is that it systematically 
explores the effect of different variables by varying one 
of them at a time while holding the others constant. 

Certain lockers are assigned to individual experi- 
ments instead of to individual students. When a stu- 
dent begins a problem that requires equipment not 
found in the usual student locker, he gets a key to a 
special locker, signs a card beneath the names of those 
who have previously used this equipment, and is on his 
way without needing to visit the stockroom. 

Each student works through the little problems of the 
course at his own speed, and alternate routes are pro- 
vided. So independent work is assured, if there is just 
a little supervision to discourage collaboration. Stu- 
dents must be trained to keep orderly and neat labo- 
ratory records, recorded in ink as they are obtained, on 
final report sheets, and not recopied into laboratory 
notes from scraps of paper. No credit is given for the 
mere doing of an experiment. The student must sub- 
mit acceptable notes; and he must show, in future 
work, that he is really practicing the techniques the ex- 
periment was intended to teach. 


BLIND SPOTS 


The chief problems of chemistry, viewed as a science, 
would seem to be able to predict, when specified sub- 
stances are brought together: 


1. Under what conditions a reaction will take place. 
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2. What products will be produced and in what pro- 
portions by weight or volume. 

3. How nearly complete the reaction will be. 

4. How the products may be identified and sepa- 
rated. 

5. What energy changes are involved in the reaction. 


Beyond all these, and more important than any of 
them is the problem of explaining why things happen as 
they do. That is the purpose of chemical theories. 

Such are the fundamentals of chemical thinking. 
Surprisingly, it is right here that elementary chemical 
instruction has its most deadly blind spot. Ask any 
group of freshmen how sodium thiosulfate is made. 
‘They won’t know even though they all prepared it 
yesterday in the laboratory. Someone may give you a 
balanced chemical equation. He memorized that from 
the text; but he still doesn’t know a thing about it. 
Whether the reactants were brought together as solids 
or in solution and at what temperature, he has not the 
ghost of anidea. Only yesterday afternoon, he sat for 
an hour on a laboratory stool in a sort of trance, watch- 
ing a sodium sulfite solution boil dry, while the sulfur it 
was supposed to be dissolving clung to the upper wall of 
the beaker, out of reach of the solution. 

This peculiar psychic state is well known everywhere. 
Here in Hawaii we call it the labtrance. It is hypnosis. 
Climb on a laboratory stool and fix your eye on a boiling 
solution or on a liquid dripping from a funnel. Better 
yet, hold the funnel in your hand. Presently you are in 
a state that inhibits thought. 

The remedy is to insist that every moment in the 
laboratory be devoted to thinking, not merely to ma- 
nipulation, and certainly not to watching something boil 
or drip. Explain that laboratory directions are sup- 
posed to be correct so far as they go, but are never com- 
plete directions, and in a good laboratory course grow 
constantly less detailed. Each experiment involves 
some difficulty that the student is supposed to notice, 
then remedy by some little invention of his own. ' Ob- 
serving that the powdered sulfur was not coming in con- 
tact with the boiling sulfite solution, some ingenious fel- 
low may tie his sulfur in a little cloth bag, with some 
sand to weight it. Someone more sophisticated, hence 
less ingenious, might have lowered a small inverted fun- 
nel into the boiling solution, thus pumping the solution 
over powdered sulfur, contained in a larger funnel or 
perforated crucible. 

To apply effective pressure to five hundred freshmen 
one must train and discipline the laboratory assistants 
to sense the evils we are trying to cure. With their aid 
we may finally get students to think in the laboratory 
and to try to remember what they do and see. Then 


the fatal labtrance and the consequent blind spot in the 
very center of chemical instruction will be much less 
common. 

In the end, ask a class to anticipate in advance of ex- 
periment whether lead dioxide will react with sulfur di- 
oxide, under what conditions, and what the products 
will be. 


You will get some ingenious suggestions on 
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how to carry out the reaction. Many students will an- 
ticipate that the reaction is a case of direct union of a 
metallic oxide with a nonmetallic oxide to form a salt. 
Others may think of it as the reaction of an oxidant 
with a reductant to form products which themselves 
combine. One student wrote PbO. + SO.—SO + O,; 
+P+B. He was evidently an alchemist. 

To encourage chemical thinking as distinct from the 
mere memorizing of textbook information, we demand 
that students tell something about the conditions under 
which each reaction occurs, what equipment would be 
used on a small scale in the laboratory, what products 
are produced, what properties of the reactants are illus- 
trated by the reaction. The textbook equation counts 
for nothing unless the other information goes with it. 

Weight and volume relations, as deduced from bal- 
anced chemical equations, are introduced relatively late, 
and systematized with the aid of a diagram which em- 
phasizes reasoning in terms of moles and equivalents 
(Tuis JOURNAL, 23, 259 (1946)). The use of dimensions 
as a guide to calculations ought constantly to be em- 
phasized. 

Assistants need to be trained to keep a part of each 
class standing at the blackboard, to outline from 
memory the textbook treatment of topics having im- 
portant subdivisions, or to outline the logical steps in 
solving a problem or in proving a proposition. (For 
example, how one may prove that a molecule of oxygen 
contains two atoms). Students are unbelievably poor 
at this sort of thing. Half of a class may correctly de- 
duce that the answer to a problem is 11.2 liters; but 
only a few of its members will be able to set down, in 
logical order, clear and complete statements of the steps 
that led to that result. Here is another blind spot 
which needs earnest attention. 


CONCLUSION 


As new chemical discoveries are made or as old princi- 
ples receive new applications textbooks tend to increase 
in size. That is unfortunate. It is better to treat a 
few topics in such a manner that students learn to think, 
rather than range over many topics in a superficial way. 

We might do better if we could demand of entering 
freshmen the necessary preliminary skills already men- 
tioned. But an iron curtain seems to separate high 
school from college instruction, to prevent our needs 
from being well understood by those who work on the 
other side of it. So the way to future progress seems to 
lie in more thought on the part of college instructors 
about goals and purposes. 

To teach the useful properties of substances, thence 
inferring their applications in industry; to suppress 
numberless textbook details, intended for reference or 
illustration, and concentrate on principles; to teach 
chemical thinking and discourage memorizing; to make 
the laboratory yield proportionate benefit for all the 
time spent in it: these are the marks of intelligent in- 


(Continued on page 462) 












& WOMEN AS PROFESSIONAL CHEMISTS 


Many raves are required of a chemist. If you 
wish to succeed as a professional chemist, you must be 
vitally interested in that type of work, should have an 
inquiring mind, an interest in details, an objective 
attitude, absolute honesty of observation, and an ability 
to evaluate data. A chemist should also have a good 
personality and an ability to get along with other 
people, both men and women. In fact that is just as 
essential to success as a sound technical training. 

In chemistry you are largely in a man’s world. To 
compete with him, you need the same sort of prepara- 
tion that he gets. If you get this preparation in a 
coeducational institution, you enter the same classes 
and have the same opportunities to learn that he has. 
As a chemistry major, you should have physics and 
mathematics, preferably through calculus. In Amer- 
ica’s great scientific achievement of producing the 
atomic bomb, it was almost impossible to tell where the 
work of the chemist left off and that of the physicist 
began, or vice versa. Certainly the final result which 
so startled the world and was a major factor in ending 
the war, was a joint effort requiring the earnest coopera- 
tion of many of our best minds in chemistry, physics, 
and engineering. 

But to get back to your college training, languages 
are important. German and a second foreign language 
are still a requirement for the PhD. degree, languages 
which you are supposed to have studied in your under- 
graduate days. Most of you probably do not con- 
template going on to graduate school, but it is a good 
thing to be prepared; suppose you get a scholarship, 
or a teaching fellowship, many of which are available, 
and which I shall discuss in more detail later. 

A reading knowledge of German is a very important 
aid in chemistry because so much of the chemical 
progress which was made before World War I, and 
much original work since, came out of Germany. 
Their publications long held a leading place in chemical 
literature. As a result of two World Wars Germany 
has lost her position of scientific leadership—a foolish 
and costly sacrifice on her part. 

While in the past, French has been considered a 
useful language to the chemist, Russian is becoming 
increasingly so. If the present trend of Russian chemi- 
cal publications continues—and I see no reason why 
it shouldn’t—that language may soon become impor- 
tant to the reader of chemical literature, certainly more 
important than French. A sometimes neglected re- 
quirement of the successful chemist is the ability to 
use and write the English language well. A college 
student, and particularly one anxious to get as many 
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science courses as possible, may feel that her training 
in English composition has been adequately taken care 
of in high school. Too often that is not true. The 
chemist who gets ahead needs not only the ability to 
collect data but to report it in clear, concise terms. 
Good English is just as important to the chemist as it 
is in any other profession. 

Philosophy, history, political science, and economics 
—in other words, cultural subjects—are highly de- 
sirable as part of your college training. Besides your 
basic science, you need to get a well-rounded back- 
ground. After all, you want to fit yourself to become 
a useful citizen. We now have to think of ourselves 
as citizens of the world and not just as nationals of one 
country. People who’ haven’t had your educational 
opportunities will look to you for leadership. For 
this you need as broad a cultural background as you 
can achieve, compatible with your specialized training. 
You want an education as well as preparation for a 
particular type of job. 


FIELDS OF SPECIALIZED WORK 


When you are graduated as a chemistry major and 
get your first job as a chemist, you will have to go 
through a further learning period on the job—a sort of 
apprenticeship—acquiring new techniques, learning 
something about the complex nature of commerical 
products and natural products or raw materials, and 
collecting specialized information which applies to the 
particular type of work you are doing. In other words, 
you will not be very useful until you get some experi- 
ence and by its very nature chemical experience has to 
be specialized. : 

In touching on the various fields of specialized work 
in chemistry, I shall try to be strictly practical and 
emphasize the kinds of jobs open to women chemists 
with a B.S. degree, on a peacetime basis—the jobs where 
women are really wanted. 

One is in analytical laboratories, particularly in 
microanalysis. Women have a delicacy of manipula- 
tion in handling small objects, which increases their 
aptitude for micro work. In a recent conversation 
with the head of a large industrial laboratory, I was 
told that their 60 analysts were all women, and that 
in their own experience, women had invariably proved 
to be better microanalysts than men. 

Another field where women have proved their com- 
petence is in applying various testing techniques to 
determine the performance of new products, or of 
products which must meet definite standards, usually 
as compared with some similar product already on the 
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market, or in the case of fixed standards to meet those 
set up by the government or by industry itself. Many 
finished consumer items have to be judged on a per- 
formance basis rather than on chemical composition. 
Will a new silver polish clean as well or better than some 
standard polish? Will a new varnish coating be resist- 
ant to water and alcohol and how resistant? Will 
a new floor wax stand up under wear? Will the co- 
hesive film break down when wet? Will it be too 
slippery? Will shoe soles made from synthetics ap- 
proach the wearing qualities of those made from leather? 
Testing laboratories are associated with research labora- 
tories where new products are developed or old ones 
modified. Many consumer items which appear under 
the same brand name over a period of years are changed 
in composition from time to time as the result of new 
ideas and use of new ingredients. 

A slightly different sort of testing laboratory is in 
merchandise control, associated with large retail outlets 
which sell items and materials guaranteed in terms of 
wear or performance, or bearing quality labels, such as 
shrinkproof fabrics, or crinkled fabric which keeps its 
form after washing. Sears Roebuck has such a testing 
laboratory for merchandise control and so do a number 
of large department stores. 

Closely connected with textile chemistry are the 
countless new surface-active agents and synthetic 
detergents. These require practical tests under the 
conditions of use, so that the textile chemist can choose 
those best suited to his needs. Among the war de- 
velopments were production of mildew-proofing agents 
to be applied to all kinds of fabrics used in the tropics, 
which without such treatment molded and became 
useless, sometimes in a few days. Waterproofing of 
fabric, overcoats, tents, and other covers was also 
necessary, requiring the development of efficient water- 
proof and water-resistant agents. 

In advancing the chemistry of food and nutrition 
women have made great contributions. A great many 
times the work a woman chemist does may not be 
called chemistry, it may be called home economics or 
by some other title, but the fundamental basis on which 
it rests is chemistry. In vitamin work, a large field 
in itself, experimental animals are used. In most 
of this work women chemists are in charge of the 
feeding, the strictly controlled experimental diets, and 
observation of the effects of special diets on the test 
animals. The woman with a B.S. degree does not plan 
the original research, but rather serves as an assistant 
in carrying out the details. 

The development of dehydrated foods presented 
tremendous problems in preserving the nutritional 
value and vitamin content, and so far as possible the 
original flavor of the food, although some of the GI’s 
probably think the latter job was not marked with 
complete success. As an illustration of what women 
can do, one of our more prominent women chemists, 
Dr. Mary Pennington, is among the country’s foremost 
experts in the handling of food, and is considered, I 
think, our most authoritative refrigeration chemist. 
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Biochemistry appeals to many women, the study of 
physiological processes in terms of the chemistry in- 
volved. This ties in with medicine. In many ways 
the physician depends on the chemist, particularly for 
diagnostic aid. The components of the blood often 
deviate from the normal in disease and with other 
pathological conditions. Every hospital of any size 
has one or more chemists for this type of analysis. 
Training in practical biochemistry is required. 

For the woman who wants to use her chemistry 
outside the laboratory, several promising fields are 
open. One is editorial work, as assistants on the 
staffs of our numerous chemical journals, on trade 
journals, and in preparing the house organs which many 
large chemical companies publish. For this she needs 
a good background in chemistry as well as writing 
ability, and,interest in the reporting of current chemical 
developments. 

A very important field for women is work in the 
special libraries which all large chemical companies and 
research groups maintain. I refer not so much to the 
usual work of a librarian, although classification and 
placing of incoming books and journals may be re- 
quired, but to the translating, abstracting, and assem- 
bling of information, which is a fundamental part of 
research projects. Before laboratory work is started 
on any research program, it is necessary that all the 
information which has been published on that subject 
be summarized and studied. This is not only to avoid 
duplication of work already done, but to collect ideas 
and methods which serve as a springboard for starting 
new work. For this the most useful source of informa- 
tion is Chemical Abstracts, one of the publications of 
the American Chemical Society. This furnishes, in 
English, summaries of the important chemical litera- 
ture published all over the world. When it is necessary 
to carry a survey further back, the corresponding 
Chemische Zentralblatt, published in German, furnishes 
excellent abstracts. 

After a project is started, it is necessary to keep 
informed as to current literature. In many organiza- 
tions the chemist who does the literature searches also 
follows the current issues of Chemical Abstracts as they 
are published twice a month, as well as the U. S. 
Patent Gazette, which appears weekly, and notes such 
items as have a bearing on laboratory studies under 
way in her organization. The publications are then 
circulated with some system of marking pertinent 
items for the attention of different individuals. 

For a person who likes to work with the literature, 
patent work should prove very interesting and cer- 
tainly offers excellent opportunities. Before a patent 
is drawn up it is advisable to make a literature search 
to make sure that the hoped-for invention has not 
already been published, either in the general literature or 
in patent form, in this country,or in any other. If it 
has been published, the patent is now allowable and the 
expense of filing an application goes for nought. 

Closely related is the work of drawing up a patent 
application, putting into suitable form results from the 
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laboratory which constitute a new invention for which 
patent protection is desired. This requires a thorough 
knowledge of the chemistry involved as well asthe proper 
form in which the material should be presented. A few 
women go beyond the stage of patent preparation and 
carry out the procedures of formal filing of the applica- 
tion with the patent office in Washington, when they are 
called patent solicitors, and for which they are required 
to have a certificate if they represent an employer. 
The inventor can file his own application but the 
business of filing and defending a patent is so specialized 
that such a procedure is practically unknown. 

As an entree to all of this type of work, for the be- 
ginner the very best start is as a technical secretary, 
which means a combination of chemist and stenog- 
rapher. A great demand exists for chemically trained 
women in office work. At the start she won’t be doing 
work much different from any other novice stenog- 
rapher, but with her technical background she should 
advance rapidly. A technical secretary has the oppor- 
tunity to work with administrative heads and group 
leaders; if she proves her ability she can acquire a 
position of real responsibility as an executive assistant. 
She may put rough manuscripts into final form, edit 
reports or even write them when supplied only with 
the bare laboratory data; she may put material into 
shape for publication in the technical journals. I 
think it is apparent that the better chemist she is, the 
more competent she will be at interpreting results and 
understanding the ideas back of the facts presented. 

This is work that the recent graduate is not equipped 
to do immediately but something she can work toward 
if she is willing to start in what may seem to her the 
rather lowly position of office work. However,she isstill 
a chemist and it isup toher to proveit. Inthe long run 
her opportunities for learning and for promotion should 
be much greater than those of her sister at the labora- 
tory bench. 

Perhaps one reason that most young women chemists 
want to go into laboratory work is because they feel 
that they can be doing research. That work appears to 
have great glamour because of famous women chemists 
like Madame Curie held up as an example. 

To be quite frank, the girl with the B.S. degree has 
not had time to prepare herself for research work. 
She needs more training of a more advanced nature 
involving a certain independence of thought and action. 
Progress in chemistry has been so great that we can’t 
hope to cover much more than the fundamentals in a 
four-year course. Many of you perhaps plan to go 
into graduate work. An advanced degree is a help in 
getting started. A Ph.D. is a distinct help for any 
type of research position. 

If you wish to study further and you are a good 
student, many fellowships offer a possible means of 
doing so. Some are teaching fellowships offered by 
the various graduate schools of the country, some are 
supported by industry, some by various professional 
organizations, and some are endowed by individual 
philanthropists. The majority of these are open to 
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both men and women, while a lesser number are open 
to women only. In the latter class are those given by 
the American Association of University Women. 
For 1948-49, 17 such fellowships of $1500 each were 
offered for graduate study. For detailed information 
write the Secretary, Committee of Fellowship Awards, 
American Association of University Women, 1634 I 
St., N. W., Washington 6, D. C. If you would like to 
aim at such a goal your college record will be important. 
Applications have to be in each year by December 15. 

In a comprehensive listing of graduate fellowships 
and scholarships, information has been assembled by 
the Institute of Women’s Professional Relations at 
Connecticut College, which gives the location, the 
monetary value, and the field of study of such fellow- 
ships in existence as of 1940. Approximately 100 are 
listed for chemistry. Those open to women only are so 
marked. All of the large graduate schools employ 
teaching fellows. For example, a number of new fellow- 
ships in biochemistry were announced in January, 1948, 
by the Biochemical Research Foundation at the Uni- 
versity of Delaware. Applicants had to have the 
M.S. degree. Twenty-four half-time teaching assist- 
antships and 12 research assistantships were announced 
at the same time, as open for September, 1948, at the 
Illinois Institute of Technology, Chicago. 


STARTING LEVEL AND ADVANCEMENT 


As to salaries, they are high as compared to prewar. 
Early in the war the sudden demand for chemists was 
so great that inexperienced chemistry graduates of 
1942 commanded salaries 50 per cent higher than those 
of 1941. In industrial positions, the demand has less- 
éned the differential in starting salaries between the 
B.S. and the Ph.D. In most places no salary dis- 
tinction is made between men and women when start- 
ing. Starting salaries for those with a Master’s degree 
will be a little higher than starting salaries for the 
Bachelor. After a few years, experience and _in- 
dividual worth will have more influence than the 
difference between the two degrees. With experience 
a broader salary range appears. A person having a 
Ph.D. can command a slightly higher beginning salary 
than one with the lower degrees; as in their case, what 
happens afterward is largely up to him or her; poten- 
tially they are equipped for greater advancement. 

More chemists have been available for jobs in the 
past year than for a long time previously. Quite a 
number of women who have been displaced since the 
war are applying for jobs. 

On a competitive basis men advance more rapidly 
than women. It may be that they take their jobs more 
seriously because of family responsibilities. They are 
more likely to study and to keep up with current 
literature. They prove more flexible in work assign- 
ments. For example, they can be given a job in a 
semi pilot plant that is dirty and requires manual 
labor, and will do it without grumbling as a short- 
term interlude—where women have been known to 
object vociferously under similar circumstances. 
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Women take more time off from work than men and 
expect more prerogatives. 

In jobs that are practically noncompetitive with men 
such as that of technical secretary, the chances for 
advancement are greater, and more particularly the 
closer it approaches administrative work. 

Government work, like teaching, offers a greater 
security of tenure than industrial work, but usually 
pays less and offers less opportunity for advancement. 
Government chemists with a bachelor’s degree are 
ranked as Junior Chemists. There are several different 
grades of chemists; as I understand it, it is rather 
difficult to pass from a lower into a higher grade. 
Government positions are open to men and women. 

In teaching, salaries vary greatly from one location 
to another and are lower than in industry, but offer 
a much shorter working week and long vacations. 
A person with a B.S. degree may teach in high school 
but seldom in college except as a laboratory assistant 
or a teaching Fellow. A high-school teacher of chem- 
istry frequently has to teach other sciences such as 
Physics and Biology. 


EMPLOYER CLASSIFICATIONS 


The first place to register for employment is with the 
college Placement Bureau. When the supply of chem- 
ists is short, as it was during the war, employers visit 
the college campuses with the hope of signing up enough 
seniors to meet their needs. 

If you are a student affiliate or a junior member of the 
American Chemical Society, you are entitled to enter a 
want ad three different times during a year, without 
charge, in their publication, Chemical and Engineering 
News, which is published weekly and which has a 
circulation of something like 65,000. If unemployed, 
you may enter three more ads in the same year at 50 
per cent of the regular rate. Whether a member or 
not, you can always follow the “Situations Open” 
columns in Chemical and Engineering News and make 
whatever applications you wish from these. 

The American Chemical Society also maintains for 
the use of its affiliates and members seven Regional 
Employment Clearing Houses, in Washington, Atlanta, 
Boston, Chicago, Houston, San Francisco, and New 
York. In order to have your application entered, 
you write, or call at any one of these for the proper 
forms. After filling out the forms and supplying the 
required number of photographs, (7) you mail these to 
the Employment Clearing House of the American 
Chemical Society, 1155 16th St., N. W., Washington 6, 
D. C., where the application is reproduced photographi- 
cally and sent to all seven regional clearing houses. 
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Employers may visit the most conveniently located 
clearing house to examine your record. They choose 
those names in which they are interested and write 
the applicant directly concerning the opening they have 
to offer. No interviews are arranged by the Society 
except at the time of the national meetings when a 
clearing house is set up at the place of the meeting, and 
arrangements are such that the employer may have a 
personal interview. As soon as an applicant gets a 
pesition he or she is required to notify the Society so 
that the name can be withdrawn from the files. 

There are also Government Employment Agencies 
run by the individual states. Letters addressed to 
the Employment Bureau at the state capitol should 
reach the proper destination. Commercial agencies 
also exist but require a fee from the applicant, usually 
5 per cent of the first year’s salary for a permanent 
position. In addition to use of employment agencies, 
you may always write letters of application as an in- 
dividual. The largest number of openings are in 
private industry. 

In seeking a first position, you are wise to consider 
its stability and the opportunity to gain experience. 
rather than to stress the initial salary. It is not so 
important to match or better the salary of a classmate, 
as it is to start at whatever is offered with the idea of 
proving your worth. In general, with the same quali- 
fications, you can get the same starting salary whether 
doing desk work or laboratory work. If you wish to 
make applications on your own initiative, consult the 
Directory of Industrial Research Laboratories of the 
United States, published by the National Research 
Council. It will give you not only the names and 
addresses of the companies but the type of work per- 
formed in each, the number of technical people em- 
ployed, and other information. 

Notices of Civil Service examinations for Govern- 
ment positions are posted in first- and second-class 
post offices and published in appropriate journals. 
Any person interested in a particular examination may 
file a card with the Civil Service Commission in Wash- 
ington and receive notification when such an examina- 
tion isto be given. The rating of the applicant is based 
on the grade received in the examination. The three 
highest applicants are credited to the agency which has 
an opening, which is then free to choose among them. 

A position in the large research institutes such as 
Mellon Institute in Pittsburgh, and Rockefeller In- 
stitute in New York, and in the large medical centers 
such as Mayo Clinic, is usually obtained by personal 
application. Letters of inquiry may be sent to them 
directly as to any industrial firm. 


,_ ERRATUM 
The first equation on page 255, in our May issue, should be: 


3Fe+*+ + 2Fe(CN)" + Fes[Fe(CN)s]: | 










* THE BRONSTED CONCEPT OF ACIDS AND 
BASES IN QUANTITATIVE ANALYSIS 


Wiritnei Osrwap placed analytical chemistry on a 
sound theoretical basis with the publication, in 1894, of 
his “‘Die wissenschaftlichen Grundlagen der analytischen 
Chemie.”’ Since that time, instruction in analytical 
chemistry has assumed more and more responsibility 
for teaching certain aspects of the theory of (aqueous) 
solutions of electrolytes. In this country, considerable 
impetus toward this end was given by the publication, 
in 1911, of “The Elements of Qualitative Chemical 
Analysis,” volume I, by Julius Stieglitz. 

The Arrhenius theory of ionization was the basis for 
the discussion of acids, bases, and salts until 1923, when 
J. N. Brénsted (and simultaneously T. M. Lowry) 
simplified and generalized these concepts in his now 
well-known theory. In 1939, at the Baltimore meeting 
of the American Chemical Society, the Division of 
Chemical Education with the Division of Physical and 
Inorganic Chemistry, sponsored a symposium on the 
teaching of this “new” theory, the papers being pub- 
lished in this journal.! A simplified nomenclature, 
with a selected bibliography, was published by Alyea.? 

Although all textbooks of qualitative and quantita- 
tive analysis, as well as those of general chemistry, now 
consider the Brénsted Theory to be of sufficient im- 
portance to devote some space to it, very few use it con- 
sistently throughout the text and in the calculations. 
In our classes, we have for some years been applying the 
Brénsted concept exclusively in the courses in inorganic 
quantitative analysis. Contrary to the common belief 
that to use this nomenclature and system of notation is 
to confuse the students, we have found that they take to 
it readily, in spite of the fact that they have not applied 
it in previous courses. In fact the students receive the 
theory with considerable enthusiasm and interest as 
being “up to date.”’ 

It is unnecessary to repeat the essential points of the 
Bronsted Theory here. One of its chief advantages is 
in its use in the calculations of pH, relating all work con- 
cerning acids, bases, and salts to the conjugate acid in- 
volved, and eliminating the necessity for separate ioni- 
zation constants of bases, and for constants of hydroly- 
sis. A few examples of the calculations taken from the 
text used’ are given here. 





1 Hat, N. F., J. Coem. Epuc., 17, 124 (1940); Briscos, H. T., 
ibid., 17, 128 (1940); Hamnerr, L. P., ibid., 17, 131 (1940); 


JOHNSON, W. C., ibid., 17, 132 (1940). 

2 AtyEA, H. N., J. Cuem. Epuc., 16, 535 (1939). 

3 Rieman, W., III, J. D. Neuss, anp B. Naiman, “Quantita- 
tive Analysis,” 2nd ed., McGraw-Hill Book Company, New 


York, 1942. 


Chapter 8. 





BARNET NAIMAN 
College of the City of New York, New York, N. Y. 


Acid, base and salt are defined in the usual Brénsted 
sense and the following symbols are used: In the 
equilibrium 

A=H*t+B (1) 


A is a weak acid, B its conjugate base. A and B may be 
neutral substances or charged ions. H+ is hydrogen ion 
of any degreee of solvation (H;0* is not used, nor are 
other ions shown as hydrated, because the degree of hy- 
dration is not known and these symbols are needlessly 
complicated). For a weak base. 


B+Ht+=A - @ 


the reaction may be written in the reverse manner to re- 
semble equation (1) with equal significance and the 
equilibrium constant for either a weak acid or a weak 
base may then be expressed as 





in which K is always the ionization constant of the weak 
acid, equation (1), or of the conjugate acid of the weak 
base, equation (2). (Kg values for weak bases are not 
considered here, but they may be used to obtain K for 
the conjugate acid in aqueous solution from the expres- 
sion 


K = Re oe pK = pKy — pKs) 
Ky 


K,, is the ion constant of water. 


Ki, Ke, etc., are used for primary, secondary, etc., 
constants of polyprotic substances. pH, pOH, pK,, 
pK, are the negative logarithms of the corresponding 
symbols, and pH + pOH = pK,. M is the molar 
concentration of the substance considered, and L, 
and L, represent the number of millimoles of acid and 
base, respectively. OAc~ is used for acetate ion, 
C2H;0.2-. 

The derivation of the equation for the calculation of 
[H+] and pH of a solution of a weak acid is not far 
different from the conventional method. In equation 


(3) 

[H+] = [B] and [A] = M — [B] = M — [H*] 
and when, as is usual, [H+] is small compared to M 
(less than 5 per cent), we may set [A] = M and equation 
(3) becomes 


a = = K and [H+] 2 /KM 
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or 
pH = '/2(pK (4) 


For example, using equation (4) for 0.10 M-ammon- 
jum chloride, in which pKyy,+ = 9.26 and M =0 .10, 

H = '/2 (9.26 + 1.00) = 5.13. 

A great advantage of this theory is realized in calou- 
lating the pH of weak bases, applying equation (3) to 
the general reaction for bases, equation (2), where K is 
the constant for the conjugate acid A, of the weak base 
B under consideration. B may be ammonia, acetate 
ion from an acetate salt, aniline, or any other weak 
base. 


B + H,0 = A + OH- 


— log M) 


and [A] = [OH-] 
therefore, substituting in equation (3), 


{H*)[B] 











oS ie 
From 
[H*][OH~] = K, 
We have 
[B] = M — [A] = M —‘(OH-] 
so 
[H*](M — [OH-]) _ , 
Ky/[H*] 
and since 
— [OH-] = M (for a weak base) 
we have 
[H*}*M — K 
or 
[H+] 2 VAX 5) 
and 
pH = '/o(pK + pKy + log M) (6) 
A specific example will illustrate this better. In an 
aqueous solution of sodium acetate, we have for 
OAc~- + H+ = HOAc 
+ 
where M = concentration of total sodium acetate = 
OAc~ (assuming total dissociation of the salt). From 


- + HO = HOAe + OH- 
we have 
[HOAc] = [OH-] 


and obtain equations (5) and (6). Thus, using equatior 
(6) for 0.10 M-sodium acetate, in which pKac = 4. 75, 
pK, = 14.00, and M = 0.10, we have 


1/(4.7° + 14.00 — 1.00) = 8.88 


pH = 
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In the case of the salt NaHX of the diprotic acid 
H2X, we have 


NaHX — Nat + HX~- 
and the amphiprotic HX~ is involved in the two equilib- 
ria 
HX- = Ht + X™ (7) 
and 
(8) 


for which the ionization constants are, respectively, 


HX~- + H+= HX 


[H+]EX-] _ 
1 le pte 
and 
[H+][HX-] _ 


(expressing basic reactions in their acid form). By 
multiplying equations (9) by (10), we obtain 
(H +]? [X=] 
[H.X] 


[H+] = VKiK Va 


= Ki K. 


and 





‘In most cases, reactions (7) and (8) occur to approxi- 


mately the same extent and 
[H2X] = [X=] 
so that the simplified equation 


[H+] = V Kk: and pH ¥ !/2(pK, + pKe) 


The choice of constants involved in these calculations 
is simplified by this theory. For the primary anions 
of diprotic and triprotic acids of the type HCO;— and 
H.POQ,~, the constants to be used are always those for 
the equilibria involving the conjugate acid of the ion 
acting as a base, Ki, and for that same ion acting as an 
acid, Ke. 

For example, in the case of sodium hydrogen carbon- 
ate, we have 


HCO;~ + H+ = H,CO; * 
where H;CO; is the conjugate acid of the base HCO;-, 
and 
(H*}{HOOs"] _ x, 
[H2COs] 
then for HCO;~ acting as an acid, 
HCO;- = H* + CO;> 
we have 
leo x 


In this case pK; = 6.35 and pKe = 10.35, therefore 
H = '/,(6.35 + 10.35) = 8.35 
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For sodium dihydrogen phosphate, the determining 
substance is HePO,-, so that 


HPO, ~ 7 Sti PKi = 2.18 
and 
[H*}[HPO"] ok A 
[H.POm] ~ S2 PK = 7.21 
so that 


pH = 1/,(2.13 + 7.21) = 4.67 


But for disodium hydrogen phosphate, the determin- 
ing substance is HPO,~, its conjugate acid is H2PO,-, 
and its conjugate base is PO,*, so that 











(RRPOS] .... Ss 

~ [HPs] = K3; pKe = 7.21 
and 

+ > = 

UPON oa, pic, = 12.67 

We use 
pH = !/.(pKe + pKs) 

and 


pH = 1/,(12.67 + 7.21) = 10.19 


Similarly, for a salt of a weak acid and a weak base, 
such as ammonium acetate, it may be shown that 


[H*] = ./Kwa, * X Kuoae 


and 
pH = 1/2 (pKyuw + pKuoac) 


if the simplifying assumptions are made that in the 
equilibria involved 


[NH,*+] = [OAc™] and [NH;] = [HOAc] 
For ammonium acetate 
pH = !/,(9.26 + 4.75) = 7.00 


(7. e., we use K for the acid, NH,*, and K for the conju- 
gate acid of the base, Ac~). 

In the case of buffers, again the calculations are con- 
siderably simplified in that the same general equation is 
used for the solutions of salts of weak acids or of weak 
bases and their conjugate ‘‘mates,”’ and pH is calculated 
directly for either. Separate constants for the weak 
bases are not necessary. A buffer solution is defined as 
one containing any weak acid and its conjugate base, e. g., 
acetic acid and sodium acetate, ammonium chloride and 
ammonia, sodium dihydrogen phosphate and phosphoric 
acid or sodium dihydrogen phosphate and disodium hy- 
drogen phosphate. 


= Kis 
H+ =Ky (11) 


and 
(12) 


pH = pK + log Ly — log L, 
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For example, in a solution containing 1.0 millimole of 
ammonium chloride and 2.0 millimoles of ammonia, we 
have, using equation (12) 
pH =.9.26 + 0.30 — 0.00 = 9.56 
For a solution of 1.0 millimole of sodium dihydrogen 
phosphate and 2.0 millimoles of phosphoric acid, 


pK; = 2.13 


and from equation (12) 
pH = 2.13 + 0.00 — 0.30 = 1.83 


However, for a solution of 1.0 millimole of sodium dihy- 
drogen phosphate and 2.0 millimoles of disodium hydro- 
gen phosphate, the principle and determining equilib- 
rium involved is 

H:PO,- = H+ + HPO." 


so that the acid is HzPO,- and the conjugate base, 
HPO,, and we use pK, = 7.21. Therefore, 


pH = 7.21 + 0.00 — 0.30 = 6.91 


It is understood that the concentration, within the 
usual limits (and neglecting ionic strength) does not 
appreciably affect the pH, and therefore the number of 
millimoles of the acid and its conjugate base may be 
used instead of the corresponding concentrations, since 
both constituents are in the same volume of solution. 


‘ However, if values are stated in terms of the concen- 


tration, the similar equation is used: 
pH = pK + log Mp — log Ma 


It is obvious that an application of the foregoing 
equations may be used to calculate the theoretical pH 
of any point on the titration curve of any weak acid or 
base. The initial pH is that of-the acid or base being 
titrated, found by equation (4) or (6). After the ad- 
dition of the titrating agent, the solution is buffered and 


_the buffer equation (12) holds with a fair degree of accu- 


racy, until the equivalence or stoichiometric point is 
reached. At this latter point the pH is that of the con- 
jugate base or acid of the substance being titrated, and 
may be calculated from equation (6) or (4). It is the 
pH at this latter point that governs the choice of indica- 
tor for the titration. 


SUMMARY 


The advantages of using the Brénsted concept ex- 
clusively in teaching quantitative analysis may be sum- 
marized as follows: 

1. It generalizes the definitions of acids, bases, and 
salts. 

2. It de-emphasizes the importance of hydroxyl ion 
and brings into proper focus all acids, such as the cation, 
NH,*, and bases, such as the anion. Ac~. 

3. It eliminates the necessity for calculating hydroly- 
sis constants and for considering hydrolysis at all in the 
study of acid or basic properties. 

4. It eliminates such confusing terms as “dibasic” 
acid and “diacid’’ base, acid salts, and basic salts. 

5. It eliminates the necessity for a separate table of 
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ionization constants for weak bases, and thereby, 
6. It simplifies the calculation of the pH of solutions 
of weak bases and of buffers. 
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7. It clarifies the selection of the proper constants in 
calculating the pH of amphiprotic substances. 
8. The students appreciate its simplicity. 


* THE MAXIMUM USE OF THE CHEMISTRY LABORATORY 


THE CONVENTIONAL description of chemical labora- 
tory desks is usually in terms of the number of students 
to be accommodated, 7. e., “Eight-Student Table; 
over-all length 144 inches.” Such a table, with 288 
linear inches of working surface, is stated to “provide 
facilities for 2 sections of 8 students each.” Thus, for 


each of 16 students, locker space and 36 inches of table . 


top are available. 

Inasmuch as a typical freshman laboratory course 
meets only once a week throughout the year, this 
amounts to a 12-foot laboratory table with all ac- 
cessories being used only on two occasions per week, 
and, in addition, 16 sets of apparatus each being used 
once a week. F 

The obvious reason for this traditional arrangement 
is that the most important consideration is adjudged to 
to be convenience and ease of accessibility to apparatus 
for each student. 

Nevertheless, it is a fact that the investment in furni- 
ture, apparatus, and space is considerable in terms of 
student-hours of use. 

This consideration has become one of the first magni- 
tude in these latter years when new equipment, ad- 
ditional apparatus, and more laboratory space have 
been indicated for the accommodation of the great in- 
crease in enrollment in chemistry courses experienced 
by most institutions. 

Temple University’s Department of Chemistry in the 
College of Liberal Arts and Sciences has approached the 
problem from the angle of maximum use of space. 
Thus, given six feet of table top for working space for a 
student, it is planned to use this one location as many 
as eleven times during the week. Five additional times 
may be added if the laboratory is used for evening 
classes, 

A complete set of apparatus is housed in the cup- 
boards and drawers beneath each 6-foot location. 
This one set of equipment will be used successively by 
the several students assigned to this location. In order 
that apparatus can readily be located, and, especially, 
readily replaced, each article has its own numbered 
position in a drawer or cupboard. 

To accomplish this, each cupboard and drawer con- 
tains an inset constructed of a piece of masonite on 
which are outlined, by means of thin strips of molding, 
the numbered areas of proper sizes and shapes to con- 
tain the several pieces of equipment. 


WILBUR G. DUNNING 
Temple University, Philadelphia, Pennsylvania 


A glance will reveal whether or not a set is complete. 
If not complete the exposed number will indicate the 
missing article which is identified by reference to a 
numbered list. 

The student is provided also with an alphabetical 
list for locating articles with which he may not be famil- 
iar. A set includes everything a student may use dur- 
ing the course, the articles ranging from gummed labels, 
splints, 6-inch length of copper wire, to ring stand, 
burets, triple-beam laboratory scales. An adjacent 
balance room contains analytical balances, each bal- 
ance being used exclusively by one student during a 
laboratory session. Extra balances are provided for 
possible “‘make-up”’ students. 

For this system of “common lockers” to operate 
successfully the storeroom must be ready to supply 
immediately any article required by a student to re- 
place breakage, etc. ~ 

Some experiments require articles to be held over for 
a week or more until the experiment can be completed. 
Such articles must be replaced as though they were 
broken or otherwise missing. Each student is provided 
with an individual cabinet for storage of such articles as 
mentioned above, and also his wash-bottle, towel, etc. 
The cabinets are 1 X 1X 1 ft. and are arranged in banks 
along the wall of the laboratory. 

It is anticipated that advantages inherent in the 
common-locker system will outweigh whatever diffi- 
culties may be encountered in its operation. Lockers 
will require no checking-in nor checking-out, being 
always completely equipped and ready for use. 

Students will be distributed properly throughout the 
laboratory area. Students transferring from one sec- 
tion to another at another time or day will always fit 
into the distribution pattern without the nuisance of 
changing locker or location. Students making up work 
in a section not their own will fit into the section pat- 
tern, not being tied to a locker and location, perhaps 
in a far part of the laboratory. The quantity of equip- 
ment carried on hand can be reduced by as much as 50 
per cent. A similar large reduction in area devoted to 
the laboratory and in the number of laboratory desks, 
etc., can be accomplished. 

The common-locker system is being used at Temple 
in the Freshman course during the current academic 
year. A further report on its operation may be desir- 
able after a year’s trial. 


Samuen JOHNSON, the eminent English author of the 
eighteenth century, showed an interest in the scientific 
happenings of his time. Although he was a literary 
man he did not ignore the attempts of his contempor- 
aries to explain natural phenomena. 

At the age of thirty, Johnson wrote“ The Life of 
Boerhaave” in the Gentleman’s Magazine (1). Bos- 
well stated that this work gave Johnson a “love of 
chymistry which never forsook him” (2). Boerhaave 
was professor of medicine, botany, and chemistry at 
Leyden, and was so famous in the early eighteenth 
century that a letter was sent to him from China with 
the address ‘Dr. Boerhaave, Celebrated Physician, 
Europe’”’ (3). 

Johnson was interested in the progress of alchemy, 
especially in the transmutation of gold (4). On one 
occasion, Boswell (6) saw Johnson performing ‘some 
sort of chymical operation.’”’ He required an ounce of 
oil of vitriol, which was bought for one penny. Spirit 
of vitriol was also mentioned. Reference to some 
old pharmacy books indicates that oil of vitriol was 
concentrated sulfuric acid (a term which is still used), 
while spirit of vitriol may have meant dilute sulfuric 
acid or ether. se 

During a conversation Johnson once stated that 
pharmacy had been simplified, for “a prescription which 
is now compounded of five ingredients, had formerly 
fifty in it.” He also criticized a book which referred 
to saltpeter and sal-prunella as different compounds, 
“whereas sal-prunella is only saltpeter burnt on char- 
coal” (6). This statement is substantially correct 
since, sal-prunella is a term used for fused potassium 
nitrate. Two books, namely, ‘“Home’s Experiments 
on Bleaching” and “Hales on Distilling Sea-Water, 
Ventilators in Ships, and curing an ill Taste in Milk,” 
were reviewed by Johnson in The Literary Magazine 
in 1756 (7). 

Johnson reviewed Newton’s “Arguments in Proof 
of a Deity” (7), and observed that “Sir Isaac Newton 
set out an infidel, and came to be a very firm believer” 
(8). On another occasion he praised Newton and 
suggested ‘that if Newton had flourished in ancient 
Greece, he would have been worshipped as a Divinity” 
(9). 

Priestley’s theological works did not find favor with 
Johnson (10). It will be récalled that Priestley suffered 
because of his religious and political ideas, and that 
eventually (1794) he left England and travelled to the 


SAMUEL JOHNSON’S INTEREST IN SCIENTIFIC 
AFFAIRS 


DALWAY J. SWAINE 
The University of Melbourne, Victoria, Australia 


United States of America, where he spent the last ten 
years of his life. While watching some experiments 
“on the new kinds of air’ (the phlogiston theory was 
still in vogue), Johnson was annoyed at the frequent 
mention of Priestley’s name. However, the experi- 
menter indicated the fundamental importance of 
Priestley’s work, and Johnson was satisfied. Indeed 
he exclaimed, “‘let every man have the honour he has 
merited” (11). 

It has been suggested that Johnson attempted to 
interview Priestley, but Boswell firmly denied this. 
There must have been very strong feeling against 
Priestley, when it was considered undesirable to even 
speak to him. However, although not kindly disposed 
toward him personally, Johnson was honest enough to 
admit Priestley’s importance as a scientist. 

The migration of birds was discussed intelligently 
by Johnson, and he showed some knowledge of their 
nesting habits (12). John Ray’s works on insects were 
used as the basis of a statement that there were twenty 
thousand species of British insects (13). When Bos- 
well suggested that a scorpion surrounded by fire kills 
itself by darting “its sting into its head,” Johnson dis- 
agreed and propounded the idea that the scorpion does 
not sting itself, but that it is killed by the heat. How- 
ever, he showed adherence to the experimental method 
by saying that he would agree with Boswell’s idea 
“if the great anatomist Morgagni, after dissecting 4 
scorpion on which the experiment had been tried, 
should certify that its sting had penetrated into its 
head” (14). 

Johnson’s literary versatility is shown by a Latin 
poem on a glowworm! His association with Si 
Joseph Banks, the naturalist, probably stimulated his 
interest in natural history. 

A number of medical men were friends of Johnson 
and hence it is not surprising that he knew something 
of the healing art. He spoke about the benefits of 
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inoculation and of Peruvian bark (15), and sent the 
following prescription to a friend suffering from rheuma- 
tism: ‘Take equal quantities of flour of sulphur, and 
flour of mustard-seed, make them an electuary with 
honey or treacle; and take a bolus as big as a nutmeg 
several times a day, as you can bear it; drinking after 
it a quarter of a pint of the infusion of the root of 
Lovage. Lovage, in Ray’s Nomenclature, is Levis- 
ticum, perhaps the Botanists may know the Latin 
name” (16). Lovage (Ligusticum scoticum) is a plant 
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native to Britain. When his friend Dr. James pub- 
lished a Medicinal Dictionary in 1743, Johnson helped 
by writing the Dedication of the work (17). 

Johnson engaged in a controversy about the shape of 
the arches of a bridge to be built in London. He con- 
sulted Thomas Simpson, the mathematician, on the 


comparative strength of semicircular and elliptical — 


arches and was in favor of the former (18). 

Dossie, who wrote a treatise on Agriculture, was a 
friend whom Johnson thought well versed in “the 
chymical effects of bodies operating upon other bodies” 
(19). 

The fireworks display by Torré attracted Johnson’s 
attention. However, on the evening that he was 
present, the exhibition had to be postponed because the 
fireworks had been soaked by rain. He was annoyed 
and said that the cores of the fireworks would be un- 
harmed. Some youths overheard his remark and tried 
to light some of the wheels, but were not successful (20). 

In order to help Zachariah Williams, who had carried 
out experiments in natural philosophy, Johnson studied 
Williams’ work and wrote a pamphlet for him. The 
title of this publication was ‘“‘An Account of an Attempt 
to ascertain the Longitude at Sea, by an exact Theory 
of the Variation of the Magnetical Needle; with a 
Table of the Variations at the most remarkable Cities 
in Europe, from the year 1660 to 1680” (21). This 
pamphlet was translated into Italian by Baretti. 

From the above facts it is evident that Dr. Samuel 
Johnson had a wide interest in scientific matters. His 
versatility is undoubted, and is remarkable even though 


a CHEMASTERY 


Aursovan the concept and application of valence 
never bothered me, I have vivid recollections of college 
classmates who floundered and foundered in the sub- 
jtct. Now that I have taught high-school chemistry 
for several years, I find that the average student finds it 
difficult and often boring to learn the names of ions and 
their valences. For many students it is difficult to 
write correct formulas and to name the compounds they 
have formulated. 

With these four universal problems before me, I 
recently undertook to devise a method of teaching 
valence and compounding that would be a welcome 
change from the drills and exercises in common use. 
My endeavors have met with such approval and success 
that I wish to share the benefits and pleasures with 
other teachers. : ‘ 

Two simple card games provide the means of teaching 
valence numbers and their application in a fascinating, 


informal manner. 
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the sum total of scientific knowledge in his day was not 
large compared with present-day knowledge. Such 
understanding and interest are not commonly found 
among modern literary men. A fitting conclusion is 
Johnson’s advice to a friend leaving for a foreign coun- 
try: “I hope you will furnish yourself with some books 
of natural history, and some glasses and other instru- 
ments of observation. Trust as little as you can to 
report: examine all you can by your own senses” (22). 
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I call my system ‘“‘Chemastery.” 
The equipment necessary consists of a deck of ionic 
playing cards and individual valence guides for the 
neophyte chemists. 

The valence guide that is supplied to each student 
consists of three columns of data, alphabetically ar- 
ranged: symbolic representation of the ions, their 
names, and the valences of the ions. A copy of a 
valence guide is reproduced on the next page. 

The deck of cards consists of 148 standard-sized cards: 
four cards of each of the thirty-six different ions listed 
above. The deck of cards we use was hand-lettered 
with drawing ink on suitable stock bought from and cut 
by a local printer. On each card is printed the sym- 
bolic form of the various ions. 

After a preliminary study and discussion of ions, 
valence, and compounding, I introduce my card games 
to the students. My class members segregate them- 








Ionic Valence Guide 








Symbol Name Valence 
Ag Silver 1 
Al Aluminum 3 
Ba Barium 2 
BO; Borate —3 
Br Bromide —1 
Cok 1;02 Acetate —1 
Ca Calcium 2 
Cl Chloride —1 
ClO; . Chlorate -1 
CO; Carbonate —2 
CrO, Chromate —2 
Cu Cupric 2 
Cu Cuprous 1 
F Fluoride -1 
Fe Ferric 3 
Fe Ferrous 2 
Hydrogen 1 
HCO; Bicarbonate —1 
Hg Mercuric 2 
Hg Mercurous 1 
I Iodide —1 
K Potassium 1 
Mg Magnesium 2 
MnO, Permanganate —1 
Na Sodium 1 
NH, Ammonium 1 
NO, Nitrite —1 
NO; Nitrate . 1 
O Oxide —2 
OH Hydroxide —1 
PO, Phosphate —3 
NS) Sulfide —2 
Sn Stannic 4 
Sn Stannous 2 
SO; Sulfite —2 
SO, Sulfate -—2 
Zn Zinc 2 





selves into groups of four or six and arrange themselves 
for a card game. 

The first game was designed to assist in teaching the 
names and valences of ions. The shuffled deck (or part 
of it) is placed face down in the center of the table. 
Each successive player draws a card and places it face 
up before him, naming the ion without assistance. In 
case a player misnames an ion, the first player to correct 
him gets the card. If a would-be corrector is in error, 
he should be penalized ten points. Play proceeds 
around the table until each player has picked up and 
played five cards. 

After each has played five cards, he totals the valence 
(disregarding sign) of all cards in his possession, and 
subtracts any penalties. 
score. 

Play continues until a student attains an aggregate 
score of fifty or some other predetermined number. 

After players have had experience with the above 
game, they may be required to state the valences in 
addition to the names of the ions. 

The other game teaches not only the names and 
valences of the ions but also the principles of making 
and naming compounds. In this game each player is 
dealt five cards, face down. The next card is removed 
from the deck and placed face up on the table. This 
card and others that will be added to it constitute the 
discard pile. The remaining cards are stacked face 
down on the table. 


‘ cards on top of that card. 


The algebraic difference is his _ 
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The first player may pick up the card from the dis. 
card pile or he may remove the top card from the deck. 
He then tries to make chemical compounds from the 
six ions in his hand, using his valence guide if he doesn’t 
already know the valences or names of the ions. (Since 
the concept of valence is usually taught early in a 
chemistry course the student knows but few complex 
formulas. For this reason it is wise to insist that 
students form compounds having only two kinds of ions 
when first learning to play. As their knowledge of 
mixed and acid salts increases, the italicized sugges- 
tion may well be ignored.) 

He may keep compounds in his hand for a delayed§) «a 
dramatic play or he may lay them on the table immedi-f| fa 
ately. When he lays down a compound, he must cor-§) hi 
rectly and distinctly name it. If he misnames a com-§) th 
pound, the first attentive player-who correctly names it} er 
may claim the compound for his own credit. If theff) p. 
corrector is in error, he should be penalized four points.§| 7 
After the first student finishes his playing he must dis-§| _p. 
card one card from his hand, placing it face up on the) a; 
discard pile. This and following discards are so placed fo 
that all can be read. ev 

Succeeding players follow the same procedure with} ca 
the exception that they may pick up as many. of the! in 
discards as they choose, provided that they use and play 
the bottom card they pick up and that they take all 
If only the top card is taken 
from the discard pile the player is not obligated to play 
it immediately. 

Play proceeds around the table until a member uses§ (20 t 
all his cards in making compounds, or until by discard- sol. 
ing he has no cards left in his hand. If play ends before{charg 
all students have had a chance to draw cards and play,fno p1 
those who have not played may lay down any com-fdispe 
pounds that are in their hand, naming the compounds§ (deri 
as did the other players. However, they may neither{contr 
draw nor discard any cards. is priz 

Hands are dealt by succeeding players and played fit is c 
until a person (the winner) attains a total of twenty-§Greel 
five points or some other predetermined score. mean 

The score is computed by totaling the valences (dis-§systet 
regarding the sign) of all the ions found in a player’s§phase 
compounds. From this total is subtracted the totalffln co 
valence of all cards left in the hand after play ceases, fare re 
using the highest possible valence of each ion. Fovfr-§eonsts 
point penalties are then subtracted, and the algebraic §hibiti 
difference represents the score. neces 

By summarizing the learning process of the student asftogetl 
he plays these games, I can best explain why they are able J 
called ““Chemastery.” pol int 


1. He sees the ionic symibols. he a 

2. He finds the name and valence of the ion on his if . 

valence guide if he doesn’t already know them. ea | 

3. He uses the valence number in making com- a. ’ 
pounds. 

° introd 

4. “He names compounds. ae. 
5. He hears chemical names. . 

6. He corrects others’ errors and thus earns points. 
7. He reviews valences in determining his score. 



























ATION 


1e dis- 
deck, 
m the 
loesn’t 
(Since 
rina 
mplex 
st that 
yf ions 
lge of 
ugges- 


elayed 
ymedi- 
st cor- 
, com- 
mes it 
If the 
oints. 
st clis- 
on the 
placed 


> with 
of the 
d play 
ike all 
taken 
o play 


Tr Uses 
scard- 
before 
| play, 

com- 
ounds 
either 


layed 
venty- 


s (dis- 
ayer’s 
. total 
eases, 

Fottr- 
ebraic 


lent as 
ey are 


on his 


com- 


nts. 








The explanation of the setting of a fluid to a gel 
and of the latter’s structure is one of the most 
fascinating problems with which colloid chemistry 
has to deal. The formation of gels, the changes 
they undergo under various influences, their prop- 
erties and their destruction are also of extreme im- 
portance to many other sciences, such as medicine, 
biology, and geology. Many industries also de- 
pend largely on the use of gels. It therefore seems 
appropriate to offer the most recent explanations 
for gelation and the structure of gels in terms which 
even those not specialized in the science of colloids 
can understand. This is the purpose of the follow- 
ing article. 











A LIQUID containing matter of colloidal dimension 
(20 to 1000 millimicrons) dispersed therein is called a 
sol. If it owes its stability primarily to the electric 
charges located in the surface of the particle which has 
no pronounced affinity for the medium in which it is 
dispersed, it is called electrocratic or lyophobic sol 
(derived from.the Greek words, xparéw, meaning to 
control and géfos, meaning fear). If its stability 
is primarily due to its affinity for the dispersion medium, 





‘each other. 


it is called a lyocratic or lyophilic sol (derived from the 
Greek words, Adw, meaning to dissolve and gudos, 
meaning love). A gel is a solid, rigid, and coherent 
system composed of dispersion medium and disperse 
phase, the latter having particles of colloidal dimensions. 
In contrast to a sol, the particles of the disperse phase 
are relatively stationary, whereas in a sol they are in 
constant Brownian motion. Gels are systems ex- 
hibiting flow only upon the influence of a finite force 
necessary to overcome the forces holding the structure 
together. Therefore, gels are systems with a measur- 
able yield point. Gelation is the transformation of a 
sol into a gel. 

One of the most generally accepted theories has been 
the one which postulates that gels form on the addition 
of a coagulant because the particles approach each 
other to such an extent that the lyospheres intersect 
This result may be explained not only by 
introduction of a coagulant but also by an increase in 
concentration of the disperse phase. The dispersion 
medium in such instances remains an integral part of 
the aggregate. It is assumed that the liquid constitu- 


461 


GELATION AND GEL STRUCTURE 


ERNST A. HAUSER 


Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


ent in such structures is chiefly retained by lyosorption. 
Instead of forming densely packed aggregates, the sol 
particles may combine in a more open stru¢ture. This 
structure can consist either of thin walls or of threads. 
The liquid in such gels is retained, according to the 
theory, by lyosportion, capillary action, or simple 
mechanical occulusion. Such systems exhibit feeble 
liquid retention. Instead of single particles being 
responsible for the formation of the gel skeleton, one 
may also consider the possibility of a honeycomb or 
network structure produced by an association of the 
particles in. fibrillar or laminar formation. If we are 
dealing with extremely long primary aggregates or if, 
upon drying of such a gel, the individual particles are 
combined by primary linkages, we have a honeycomb 
gel whose walls are of massive construction. 

Biitschli postualted that gels are composed essentially 
of two liquids, one mobile and the other tenacious. 
These liquids are evenly intermixed in the sol condition 
but separate upon gelation to form a honeycomb struc- 
ture. 

The theory which has attracted the greatest atten- 
tion is the micellar one, which assumes the formation 
of a network structure by the interlacing of thread-like 
aggregates. W. Ostwald most ably summarized these 
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Figure 1. Gelation of an Electrocratic Hydrosol 
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theories by offering the following general definition: 
“Gels are systems of various composition (liquid and 
liquid, solid and liquid, liquid and solid) containing a 
large amount of liquid and of varying, mostly colloidal, 
particles dispersed therein. Their structural elements 
subdivide the entire system*by mechanical linkage 
(aggregation, flocculation, or coalescence) in such a 
way that the greater part of the liquid is subdivided into 
lyospheres.”’ 

Since then a tremendous amount of research has 
been carried out to establish a theory of gelation and 
gel structure which will not only be in line with all 
known facts, but equally well suited to explain the 
gelation of electrocratic, as well as lyocratic, sols. 

The results of these investigations can best be 
appraised by first offering the following facts and then 
discussing their implications. 

Sodium bentonite from which coarse impurities 
have been removed will, when dispersed in water, form 
a stable sol up to concentrations of about 3 per cent. 
At higher concentration the liquid becomes very vis- 
cous and at a concentration of about 5 or 6 per cent 
gelation sets in. If the sol is placed in an electric field, 
the dispersed particles move to the anode, which 
indicates that they are negatively charged. By adding 
an electrolyte to the sol, whose concentration has been 
reduced to one-tenth of one per cent or even less, it 
will instantaneously set to a gel. If one attempts to 
disperse this clay in an organic medium, it is noticed 
that the clay will resist incorporation. It cannot be 
wetted by such liquids. Ultramicroscopic studies of 
the hydrosol and its setting to a gel reveal that the 
particles come to a standstill in random arrangement 
without first forming clusters or filament-like aggre- 
gates. 

It is known that the sodium ion of the bentonite 
can be replaced by ions of higher valency. Thisis known 
as cation exchange reaction. If such a clay is treated 
with the salt of a fatty acid carrying a multivalent 
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cation, for example, then a clay particle with an organo- 
philic surface is produced. Clay treated in this way 
will not be wetted by water and therefore cannot form 
a hydrosol. 
liquid, however, and will set to a gel at a concentration 
comparable to that needed for the formation of a 
hydrogel. That the disperse phase of such an organosol 
will not migrate to one or the other pole of an imposed 
electric field is to be expected since the dispersion 
medium is nonconductive. 

Ultramicroscopic studies of the structure of organo- 
gels so formed revealed that the particles need not 
aggregate when the sol sets to a gel. Another very 
important observation is that the concentration needed 
to cause gelation is an inverse function of the numLer 
of carbon atoms of the fatty acid radical. 

How can these facts now be fitted together? 

(1) Gelation of electrocratic hydrosols occurs as 
soon as the repulsion between the surface charges of the 
disperse phase is compensated by the attraction be- 
tween the surface charge of one particle and the counter- 
ions of the diffuse electric double layer of those sur- 
rounding it (Figure 1). 

(2) In sols which owe their stability to the ions 
present in the diffuse double layer surrounding the 
particles, gelation depends on the concentration of 
counterions, their valency, and degree of hydration. 

(3) Gelation of lyocratic sols occurs as soon as the 
particles with their lyospheres are held in equilibrium 
position resulting from a compensation of mass attrac- 
tion forces with repulsion due to the molecular setup in 
the lyospheres. 

(4) The more the dispersion medium can solvate 
the lyocratic sol particles, the lower the concentration 
of the disperse phase necessary to cause the sol to set to 
a gel. , 

(5) Aggregation of any type is no prerequisite for 
gelation. The formation of fibrillar aggregates will, 
however enhance gelation. 


GUINEA PIGS IN THE CLASSROOM 
(Continued from page 449) 


struction. College teaching in elementary chemistry 
must take a long step upward, if it is to deserve the ad- 
miration that we give to chemical research. 

For the instructor himself there is unmeasured in- 
spiration in feeling that each class is a group of guinea 
pigs, to be used in a search for better schemes of instruc- 
tion. Teaching, then, can never. be a bore. After 
many years of classroom experience a teacher of chem- 
istry will still be thrilled by turning up more effective 
methods. His interest in students will enable him to 


render them services they will remember all their lives. 
He will even receive letters of thanks, years afterward, 


for saving someone’s character or career by administer- 
ing timely discipline. He will aid the chemically un- 
talented in finding something else to be interested in. 
He will help the talented to gain, not merely increased 
information but increased capacity for thinking, for 
organizing information, and for scientific exposition. 
Knowing his students better, he will not be so depend- 
ent on anthropology to identify them after many years 
have passed. If one of them should venture to chal- 
lenge him a second time he can crack right back: “I 
told you your name five years ago, Mr. Cohen. Have 
you forgotten it already?” 


It can easily be dispersed in an organic | 
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@ Atomic Energy Levels 


An extensive research program is under way at the 
National Bureau of Standards to make a complete and 
up-to-date compilation of the energy levels of the ele- 
ments as derived from observations of atomic spectra. 
The data, which will include all information on atomic 
energy levels accumulated in the past fifteen years as 
well as previously available material, are being pub- 
lished in pampblet form by the Bureau. As each 
major portion of the work is completed, these pamphlets 
will be assembled into volumes of about 500 pages as 
Circular No. 467 of the National Bureau of Standards. 
Section 1 of this circular, Hydrogen through Fluorine, 
which covers 45 spectra, has recently been made avail- 
able to scientists in related fields.! 

A compendium of all known energy levels as derived 
from analyses of optical spectra is needed by workers 
in many fields, such as atomic and nuclear physics, as- 
trophysics, chemistry, and industry. Energy levels of 
the atom are basic constants of nature that contribute 
directly to our knowledge of atomic structure. They 
represent the different values of energy associated with 
the various possible distributions and motions of the 
electrons of the atom. 

Each chemical element can emit as many atomic spec- 
tra as it has electrons. If a pure sample of iron, for 
example, is placed in an electric arc and the light from 
the arc-is observed through a spectroscope, a complex 
array of spectral lines of various intensities appears. 
These lines are produced by the neutral iron atoms and 
are characteristic of the first spectrum, Fel. 

If iron atoms are excited by an electric spark instead 
of the arc, the higher temperature of the spark will 
cause them each to lose an electron. The atoms with 
one less electron in turn exhibit their own characteristic 
pattern of spectral lines, z.e., the second spectrum Fell. 
Similarly, with suitable sources of excitation, spectra of 
higher stages of ionization can be observed, the total 
number possible in the case of iron being 26. 

The wave lengths or positions of the lines observed in 
a given spectrum are carefully measured and the corre- 
sponding wave numbers determined. By studying 
differences among the wave numbers of the observed 
lines, the energy levels can be found, since each spectral 
line is produced by a transition between two such levels. 





1 May be purchased from the Superintendent of Documents, 
U. S. Government Printing Office, Washington 25, D. C., at 50¢ 


a copy. 





Related levels are grouped according to certain rules to 
form spectroscopic “terms.” The terms result from 
definite configurations and motions of the outer elec- 
trons; for any given configuration the array of terms to 
be expected can be accurately predicted from the quan- 
tum theory. Conversely, the terms furnish infor- 
mation, based on observation, about the outer electrons 
of an atom. These electrons are involved in the for- 
mation of all chemical compounds, and those that pene- 
trate atomic interiors yield information about atomic 
nuclei. 


e) Graduate School of Nuclear Engineering 


An unusual opportunity for employees of the Atomic 
Energy Commission’s Hanford Works to engage in col- 
lege work is afforded by a cooperative arrangement with 
five nearby colleges and universities. Starting last 
year on the undergraduate level with two cooperating 
institutions, and some five hundred students enrolled, it 
has been extended at the graduate level to include five 
cooperating institutions and more than seventy stu- 
dents. The University of Washington, Washington 
State College, the University of Oregon, Oregon State 
College, and the University of Idaho have all agreed to 
cooperate by granting credits toward degrees for work 
done. 

As in the undergraduate program established a year 
ago in collaboration with the University of Washington 
and Washington State College, the instructors, like the 
students, are employees of the Hanford Works. Labo- 
ratory research work is a requirement of the normal 
Hanford activities, while classroom studies are carried 
out on off-work hours. After approval by Hanford 
Works, credentials of instructors, as well as full details 
concerning all course work, are submitted to each co- 
operating institution for acceptance or rejection. Each 
institution thus becomes its own judge of the qualifica- 
tions of the staff and the standards for each course, as 
well as its suitability for college credit. 

The program of post-graduate study, just beginning, 
is referred to as the ‘Graduate School of Nuclear Engi- 
neering,” and the five cooperating colleges and univer- 
sities maintain similar relationships with the school. 


2 Don’t Believe It 


Remember the old question: Which is heavier, a 
pound of cotton or a pound of iron? Well, here is one 
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that you can try out on your friends: Which is stronger, 
a strand of cotton or a strand of wrought iron of the 
same size? The answer is cotton, and you can prove it 
by referring to any table of tensile strengths per square 
inch. 

Following are some tensile strengths that show inter- 
esting, and what will be to most people surprising, com- 
parisons: 


Pounds per Square Inch 


22,000 to 30,000 
40,000 to 70,000 


Restlar Rayon.........6.«0.. 
POE HEIN ss Xoo. v Rewer earne 


ore ee 91,000 
SR SLANG wae «0-0 ous 72,000 to 100,000 
Super Strength Rayon....... 110,000 


40,000 to 111,000 
101,000 to 115,000 


Cotton Tapers a: ic eskeseies 
Rail Bteel sc. isiwie areca eer 


Ee eee ee 129,000 to 135,000 
ee ee ee 156,000 
SIE FINOE iviintviccewnsies over 2,000,000 


Which proves again that it is never wise to go on as- 
sumptions. Many things in the realm of the physical 
are not what they seem. That is why a scientist takes 
nothing for granted——From The Research Viewpoint 


a Platinum Metals 


Processes for the recovery of the platinum group of 
metals, including platinum, iridium, palladium, ruthe- 
nium, osmium and rhodium, and related metals used for 
similar purposes, such as rhenium and boron, are de- 
scribed in four reports now on sale by the Office of Tech- 
nical Services, Department of Commerce. The metals 
have important uses in pen points, magneto and ignition 
contacts, and electrical switches. 

One of the reports contains information on German 
efforts to substitute other more readily available pre- 
cious metals for platinum and iridium. The report on 
rhenium discusses a metal that was available only from 
Germany up to the last war. The Germans used the 
metal for pen points in place of osmium, which they did 
nothave. There are a number of patented applications 
of rhenium in this country, the report states, but the 
major developments have taken place in Germany. 


@ Student Bibliographies 


Numerous rare and unpublished bibliographies on 
scientific and technical subjects are now available to in- 
dustry as the result of the formation of a pool of unpub- 
lished bibliographies by the Special Libraries Associ- 
ation. The bibliographies in each ease have been com- 
piled by technical librarians affiliated with the Associ- 
ation, many of whom are outstanding literature 
searchers in their respective fields. 

The phases of technology represented by the bibli- 
ographies are highly diversified. They include organic 
chemistry, agricultural chemistry, metallurgy, photog- 
raphy, physics, welding, mechanics, combustion tech- 
nology, and others. Typical of the compilations avail- 
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‘able are bibliographies on ammonium nitrate, 1907-47, 
portable prefabricated bridges, 1930-44; - centrifugal 
casting, 1910-42, welding and fabrication of clad steels, 
1907-46; combustion studies in internal engines, 1929- 
45; and many other important and extensive compi- 
lations. 

The pool is housed in the library of Battelle Institute, 
Columbus, Ohio, from which loans of the bibliographies 
aremade. Anyone interested in obtaining the complete 
listing of the bibliographies should write Ralph H. Hopp, 
technical librarian of the Battelle Library, who serves 
as chairman of the SLA Bibliography Committee. His 
committee is also interested in the possible inclusion of 
other unpublished bibliographies in the pool. 


ey Nitrogen Fixation 


Attempts made in Germany during the war to modify 
the Bucher batch process for manufacturing sodium 
cyanide to a continuous process are described in a report 
on sale by the Office of Technical Services, Department 
of Commerce. 

The Bucher process, the report states, consists of 
heating a mixture of soda ash and charcoal in a stream of 
nitrogen at a temperature of about 1100°C. The proc- 
ess has certain elements of simplicity that suggest its 
reduction to a continuous basis which might make it 
competitive with other processes, particularly if hydro- 
cyanic acid were the end product and unconsumed raw 
materials could be recycled. 

Researchers at the Degussa Research Laboratories, 
Frankfurt, Germany, were able to determine con- 
ditions under which the process could be conducted 
continuously at sufficiently low temperatures to permit 
the use of plain steel for the reactor. However, their 
pilot plant was bombed out before they were able to 
complete the development of the process. 

The development work did demonstrate, however, 
that the process could be conducted at temperatures 
below 1000°C., that steel could be used as the furnace 
construction material, and that the process could be 
made continuous, according to the report. The im- 
portant element of the equipment is the reactor, the re- 
port states. Considerable difficulty was anticipated in 
expanding its capacity. The major problem involved is 
the introduction of heat into beds of reactants of greater 
cross section than those thus far processed without ne- 
cessitating temperature gradients which would eliminate 
steel as the construction material. 


e Third Summer School for Teachers of Chemical 
Engineering 


The Chemical Engineering Division of the American 
Society for Engineering Education will hold a summer 
school for teachers of chemical engineering at the 
University of Wisconsin from August 29 to September 4. 

The general theme of the meeting will be “What 
Should We Teach and How Can We Teach It?” Ses- 
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matics in Chemical Engineering, Chemical Reaction 
Kinetics, Instrumentation, the Graduate Program in 
Chemical Engineering, Teacher Qualifications and 
Development, the Newer Unit Operations, Plastics 
Technology, Laboratory Instruction in Chemical Engi- 
neering. 

Lake-front housing at the dormitories has been 
obtained. Room and board rates are such that it is 
possible for families to spend the week in Madison at 
modest cost. 

Detailed programs and announcements for the 
Summer School may be had from R. A. Ragatz, 
Chemical Engineering Building, University of Wis- 
consin, Madison, Wisconsin. Anyoné interested in 
chemical engineering education is welcome to attend: 



















6 Aluminum Items 


Alclad aluminum beer barrels, having high-purity 
aluminum liners which are integral with the strong 
aluminum alloy base metal, are now being offered to 
the brewing industry by* Aluminum Company of 
America. 


A SIMPLE STILL-HEAD 


Tue srmi-nEap to be described is of the total-con- 
densation, variable take-off type—a type with which 
the undergraduate organic chemistry student ought to 
be familiarized, because of its great usefulness in frac- 
tional distillation, but generally isn’t, owing to the 
relatively high cost of the usual unit of this type. 

The still-head shown in the accompanying illustra- 
tion is fairly inexpensive. The unusual feature of this 
still-head is its lack of a stopcock. It consists of a 
T-tube with two long arms that are perpendicular to 
each other. Each of these is fitted with a micro- 
Liebig-condenser jacket, if necessary. An ordinary 
addition tube, fitted with a thermometer, and with a 
lubricated stopper to hold the T-tube, completes the 
unit. 

In operation, the still-head is kept in the reflux 
position until the temperature of the vapors reaching 
the still-head becomes constant. Then the angular 
reflux arm is rotated downward until it is in the take-off 
position, and a test tube or other vessel is put in place 
to receive the condensate. 

Then, when the temperature begins to rise again, 
the angular refiux arm is rotated upward to the reflux 
position and kept there until the temperature again be- 





ting, 
athe- 





comes constant. 
The next fraction is removed the same way as before. 
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This adaptation by Alcoa of a time-tested and 
proved material to beer barrels, brings brewers an even 
greater degree of protection for the quality and flavor 
of their products. Two years of actual brewery tests 
under the most adverse conditions have been met so 
successfully by the alclad containers that Alcoa is now 
changing its entire beer barrel production to alclad 
sheet. 

Since the war, considerable experimental work has 
been conducted by Aluminum Company of America 
and leading home economics research organizations to 
determine the usefulness of Alcoa ‘Aluminum Foil as a 
kitchen and household material. It has been found 
that the material offers maximum protection against 
moisture loss in the wrapping of butter, cheese, meat 
cuts, fruits, vegetables, baked goods, and leftovers. 

Tests have further revealed that aluminum foil 
makes an excellent liner or cover for broilers, pans, 
skillets and baking dishes, thus eliminating repeated 
scourings and rinsings of hard-to-clean utensils. It 
can be used again and again without transferring 
odors and flavors.—From Alcoa Aluminum News-Letter 


REINO W. HAKALA 
Mohawk College, Utica, New York 





Take-off Position 


Reflux Position 


H—Stopper to hold T-tube; with 
hole large enough to allow 
rotation of T-tube, but snug 
enough to be gas-tight; 
lubricated with glycerol or 
stopcock grease 

I—Addition tube 

J—Fractionating column 


A—Angular reflux arm 
B—Stationary reflux arm 
C—Micro-Liebig-condenser 
(used when necessary) 
D—Clamp 
E—Clamp for a in reflux position 
F—Clamp for a in take-off position 
G—Thermometer 


jacket 


(It is best to support the stationary reflux arm with a 
3-pronged clamp. The angular reflux arm should also 
be supported, in both the reflux and take-off positions, 
particularly when it is fitted with a condenser jacket.) 








OCIATION 
“EACHERS 


THE REPORT OF THE ANNUAL MEETING 
May 8, 1948 


Tue annva meeting was called to order at 2:50 p.m. 
by the President, Dr. Eldin V. Lynn. The first item of 
buisness was the reading of the Report of the Secretary 
as follows: . 


The New England Association of Chemistry Teachers opened 
its fiftieth year by holding its Ninth Summer Conference at 
Wellesley College from August 18 through August 23. This 
was the largest conference ever held, with 98 members and 85 
guests registering. Of the 183 registrants, 44 came from 9 states 
outside of New England. Two features, in addition to the very 
fine program which we have all come to expect, should be par- 
ticularly mentioned. The industrial trips offered were more 
diversified than heretofore, and there was a very superior exhibit 
by industrial and educational firms. 

During the academic year the customary five meetings have 
been held: October 18, Laconia High School; December 13, 
Harvard University; February 14, Rhode Island State College: 
March 27, St. Thomas Seminary; May 8, Malden High School 
The average number registering at these meetings has been 43. 

Your executive committee has met at each of these meetings 
and during the summer conference. Other business has been 
transacted by mail ballots and by correspondence. 

The mimeographed Newsletter which was authorized by the 
executive committee has been mailed out to the membership 
twice. It cannot, however, progress beyond the experimental! 
stage until the members can be persuaded to be less modest 
about sending items to the editor. 

The membership drive committee, authorized by the executive 
committee and appointed by the President has continued to 
work in cooperation with the regular Membership Committee. 

The new stationery, which we hope will seem to the members 
more dignified and better suited to an organization of this sort, 
has involved much discussion and thought. 

The executive committee recommends that the Association 
further collaborate with the New England School Science Council 
to which the President has been empowered to appoint two 
members as representatives from this Association. 

The chief problem which has been considered has been that of 
a suitable celebration of the 50th Anniversary of the founding 
of this Association. Today’s luncheon meeting is one result of 

these discussions. Originally, it was planned to publish a rather 
elaborate booklet in commemoration of the event, but the rising 
cost of printing soon made it obvious that such a booklet would 
involve an unjustifiable expenditure of the Association funds. 
At the present time a more complete Membership Manual than 
is customarily printed is in preparation, and it is the hope of the 
executive committee that this manual will be ready in time for 
the Tenth Summer Conference. 
Dorotuy W. Girrorp, Secretary 


Upon motion this report was accepted. 
Thé President explained briefly the function of the 
New England Science Council and asked for a motion 
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confirming the action of the Executive Committee in 
empowering him to appoint representatives to this 
council. Upon motion, it was voted that this Associa- 
tion is glad to collaborate in the work of the Council. 

The Treasurer reported a balance on hand as of 
May 7, 1948, of $1164.09. Upon motion this report 
was accepted. 

The Endowment Fund Committee made the follow- 
ing report: 
$2062.16 


Be Cav a 1: i a a ee 
Income credited in the period May 7, 1947, 
through May 6, 1948 
Watertown Cooperative Bank........... 20.00 
Newton Savings Bank.................. 21.53 
Two per cent of dues for 1946-47........ 28.00 
01 Se OR aang lee 2131.69 
Investments, May 6, 1948 
Five Shares Watertown Cooperative Bank, 
OL SEE ota ea RCD aire ORR Aes eae 994.91 
Balance in Newton Savings Bank........ 1136.78 
MEU stars Sot ota ae es 2131.69 


Avery A. AsHpown, T'reasurer 
Trustees Permanent Trust Fund 
Upon motion this report was accepted. 

The Chemical Education Committee reported that 
Dr. Fletcher Watson of Harvard University is inter- 
ested in investigating the combined Physics and Chem- 
istry course and that this committee will collaborate 
with him in such an investigation. 

S. Walter Hoyt reported for the Necrology Con- 
mittee that three members of the Association have 
died during the year: Robert Chambers and Charles 
E. Dull, both of whom were active members, and 
Walter Holden, who was an honorary member. 

The Curator presented the following report: 


REPORT OF THE CURATOR, 1947-48 


As directed by the Executive Committee, a permanent member- 
ship file has been set up. This file consists of a card for each 
member of the Association from its formation in 1898. Up to 





the present time 1500 cards have been filed, representing the 
members of the Association to 1940. Each now contains all 
information about members to be gleaned from the Reports. 
A very considerable amount of time was necessary to go through 
all of the Reports, page by page, from 1898 to 1940. 
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During the year, a questionnaire was sent to each member 
now on the rolls of the Association requesting certain personal 
and professional data for the permanent files. Approximately 
35 per cent of the members have returned these questionnaires. 
It seems likely that a considerable part of the Curator’s summer 
vacation will be needed to transfer the voluminous information 
from the questionnaires to the permanent cards. 

The Curator has devoted considerable time to correspondence 
in an endeavor to secure copies of some of the early Reports. 
During the year, donations of Reports have been received from 
Harry Wiley, Walter Hoyt, Elbert Weaver, Herbert Ward, 
Mary Ford, and a number of others for which the Curator and 
the Association are grateful. An additional set of the Reports 
has been assembled and bound. In addition, the file of Reports 
at Brown University has been completed except for a very few 
numbers. 

A considerable number of communications have come to the 
Curator requesting information concerning various members. 
It has been a relatively easy matter to supply this from the files. 
Lest there be a fear that the data in the Curator’s files are being 
used untowardly, he hastens to add that most of the communica- 
tions have come from members who request information about 
themselves. One of the sad events of the year was to turn over 
to the Necrology Committee the very complete biographical 
data sent in by Charles Dull only a few days before his death. 
R. E. Kerrsteap, Curator 


The Curator has sent to new members copies of the 
Constitution and By-Laws as directed by the Executive 
Committee. 

Upon motion it was voted that the Executive Com- 
mittee consider and report at the next annual meeting 
on the advisability of presenting to Massachusetts 
Institute of Technology Library a file of the complete 
reports of this Association. There was no report from 
the Editor of the Report. It was announced that Dr. 
Lawrence 8S. Foster has accepted the appointment to 
the Editorship for the coming year. 

There was no report from the Auditor since he is 
unable to audit the books until the close of the fiscal 
year on June 30. 

The Membership Drive Committee reported in- 
formally that a plan is under consideration whereby 
the schools who have no members may be contacted 
with the idea of securing membership in them. 


REPORT OF THE MEMBERSHIP COMMITTEE 


A year ago today the membership committee was able to 
report that, for the first time, our active membership had reached 
the four hundred mark, and we closed the year on June 30 with 
404 members. 

During the year which has just closed, we have lost two 
members by death, and 20 members have resigned or been 
dropped for nonpayment of dues. However, we have elected to 
membership 49 new members, making our total membership as 
of today 481, a net gain for the year of 27. 

Everyone is urged to send to the Secretary or to the Division 
Chairman the names of persons who may be interested in joining 
us. To each person thus suggested a letter is sent in which is 
told something of the plan by which the Association is organized 
and run, and in which are pointed out some of the advantages 
of membership. The Association can continue to grow and be of 
value only as it continues to draw new members from all over 
New England, and such letters as the one outlined above seem 
to be a most successful way of securing new members. Applica- 
tion blanks for the use of members who prefer to approach friends 
and acquaintances personally may be obtained from the Secretary 
or from the Division Chairmen. 

Dororuy W. Girrorp, Secretary 
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The Honorary Membership Committee announced 
the election of the following persons as honorary mem- 
bers of this Association: Alfred Lincoln, Harry Wiley, 
and Mary Ford. 


For the Summer Conference Committee, Pearle Putnam re- 
ported that the rates at the University of Maine will be the 
same as they were last year at Wellesley College, namely, $4.00 
per day. John Timm reported that progress is being made and 
that he hopes that the program will be ready within a couple 
of weeks to send to the printer. 

Upon motion it was voted that the Secretary be instructed to 
extend to the Principal of Malden High School the thanks of this 
Association for the hospitality shown us. 

Upon motion it was voted that the following amendment to 
the Constitution be adopted: 

Article IV, Section II, to be amended to read: 


“The officers shall be elected at the annual meeting. At the 
annual meeting, the Nominating Committee shall present a 
slate of nominees. Further nominations may be made from 
the floor at the annual meeting.” 


Article VII, Section IV, to be amended as follows: 


“The Nominating Committee shall consist of three members; 
one being elected at each annual meeting for a term of three 
years. In case of resignation or death, the President shall fill 
the vacancy by appointment to finish the unexpired term. 
Nominations for election to the Nominating Committee shall 
be from the floor at the annual meeting.” 


The Nominating Committee presented the following 
slate of officers for 1948-49: 


President, John R. Suydam 

Vice-President, Helen W. Crawley 

Secretary, Dorothy W. Gifford 

Treasurer, Carroll B. Gustafson 

Curator, Ralph E. Keirstead 

Auditor, S. Walter Hoyt 

Central Division Chairman, Otis E. Alley 
Northern Division Chairman, Charles E. Vose 
Western Division Chairman, William O. Brooks 
Southern Division Chairman, William 8. Huber 
Member of the Endowment Fund Committee, Avery A. Ashdown 


Upon motion it was voted that the Secretary be instructed to 
cast one ballot for the slate as presented by the Nominating 
Committee and these officers were declared duly elected. 

Upon motion it was voted at this time to elect three members 
to the Nominating Committee; one to serve for a period of three 
years, one to serve for two years, and one to serve for a period of 
one year. 

The President then asked for nominations for the three-year 
members of the Nominating Committee. The name of Millard 
W. Bosworth was preposed and the nomination seconded. 
Upon motion it was voted that the nominations be closed. 
Upon motion it was voted that the Secretary be instructed to 
cast one ballot for Millard W. Bosworth as member of the 
Nominating Committee to serve for three years. The President 
then asked for nominations for the two-year member. The 
name of Donald C. Gregg was proposed and seconded. Upon 
motion it was voted that the nominations be closed. Upon 
motion it was voted that the Secretary be instructed to cast one 
ballot for Donald C. Gregg as member of the Nominating Com- 
mittee to serve for two years and Mr. Gregg was declared duly 
elected. Miss Elizabeth Hollister was nominated as member of 
the Nominating Committee to serve for one year. Upon motion 
it was voted that the nominations be closed. Upon motion it 
was voted that the Secretary be instructed to cast one ballot and 
she was declared duly elected. : 


The retiring President then turned the meeting over 
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to John R. Suydam, the newly elected President. 
Upon motion it was voted that this Association express 
to Dr. Eldin V. Lynn its gratitude to him for his serv- 
ices as President of the Association for the past two 
years. 

No further business appearing, the meeting was 
adjourned, sine die, at 3:45 P.M. 

Dorotuy W. GirrorpD, Secretary 


6 NEW MEMBERS 


Francis 8. Quinlan, St. Michaels College, Winooski 
Park, Vermont 

Allan Morris, North Providence High School, North 
Providence, Rhode Island 

Walter J. Lisien, Lowell Textile Institute, Lowell, 
Massachusetts 


@ JOHN R. SUYDAM 


John R. Suydam, who has been elected President of 
the N.E.A.C.T. for 1948-49, teaches at ‘St. Mark’s 
School, Southboro, Massachusetts. He did his under- 
graduate work at Harvard University, receiving the 
A.B. degree in 1909. He received the Chemical Engi- 
neering degree from Columbia University in 1912 and 
the Ph.D. degree from the same institution in 1917. 
Before completing his work for the doctorate, he held 
positions with the Standard Paint Co. of New Jersey 
and the General Chemical Co. Upon receiving his 
Ph.D. degree in 1917, he entered the Army as Ist 
Lieut. Coast Artillery (N.G.N.Y.) A.U.S., and in 1918 
was transferred to Chemical Warfare Service at the 
Mustard Gas Plant, Edgewood Arsenal. After leaving 
the Army, he went to the Standard Textile Products 
Co. in 1919 and then to the L. Martin Co. in 1924. 
In 1925 he went to St. Mark’s school, where he has 
remained ever since. 

Dr. Suydam has for many years been active in the 
affairs of the N.E.A.C.T. He will be remembered 
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John R. Suydam 


particularly for his efficient work as Chairman of the 
Seventh Summer Conference Committee 
He has been Vice-President since 1946. 


EXAMINATION ANNOUNCED FOR HIGH-GRADE CHEMIST POSITIONS 


AN EXAMINATION has been announced by the Civil Service Commission for filling high- 
grade Chemist positions in the various Federal agencies in Washington, D. C., and vicinity. 
The salaries range from $7102 to $9975 a year. One position paying $8179 a year, in the Office 
of Naval Research, Boston, Massachusetts, will also be filled. 

To qualify for these positions, candidates must have completed a college course leading to a 
bachelor’s degree in chemistry, or must have had college study including 30 semester hours in 
chemistry plus appropriate education or experience which, when combined with the 30 semester 
hours in chemistry, will total 4 years of education and experience. In addition to meeting this 
basic requirement, candidates must have had four years of broad and progressive experience in 
chemistry. Graduate study in chemistry may be substituted for part of this experience. 

A written test is not required for this examination; candidates will be rated on their experience 
and training relevant to the duties of the position. The maximum age limit, sixty-two years, is 
waived for persons entitled to veteran preference. 

Applications will be accepted until further notice; however, persons who wish to be considered 
for positions to be filled in the near future should apply at once. Information and application 
forms may be secured from most first- and second-class post offices, from Civil Service regional 
offices, or from the U. &. Civil Service Commission, Washington 25, D. C. 
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® ORGANIC ANALYTICAL REAGENTS:. VOLUME IV 


Frank J. Welcher, Associate Professor of Chemistry, Indiana 
University, Extension Division, D. Van Nostrand Company, New 
York, 1948. VolumeIV. xiii + 624 pp. 68tables. 15 xX 23cm. 
$8 ($7 set price per volume). , 


Tus volume completes the author’s comprehensive treatise on 
organic analytical reagents. The compounds are arranged 
systematically according to molecular structure and procedures 
are given for their uses, supplemented by references to the original 
literature. The style of treatment in Volume IV is the same as in 
the preceding volumes. For reviews of Volumes I, II, and III, 
see Tuts JOURNAL, 24, 364, 519 (1947) and 25, 178 (1948). 

Volume IV contains 17 chapters on the following topics: 
acidic nitro compounds (Chapter I, 48 pages), arsonic acids 
(Chapter II, 28 pages), dithiocarbamates (Chapter III, 17 pages), 
xanthates (Chapter IV, 15 pages), miscellaneous sulfur com- 
pounds (Chapter V, 87 pages), sulfonic acids (Chapter VI, 5 
pages), sulfinic acids (Chapter VII, 3 pages), selenic acids (Chap- 
ter VIIT, 1 page), alkaloids (Chapter IX, 71 pages), diazonium 
compounds (Chapter X, 3 pages), carbohydrates (Chapter XI, 
13 pages), miscellaneous natural substances (Chapter XII, 21 
pages), miscellaneous compounds (Chapter XIII, 19 pages), 
lake-forming dyestuffs (Chapter XIV, 75 pages), hydroxy- 
anthraquinone dyes (Chapter XV, 65 pages), miscellaneous 
dyes (Chapter XVI, 102 pages), and dyes used in the detection of 
nitrite (Chapter XVII, 25 pages). The volume concludes with 
an index of names and synonyms of the organic reagents treated 
in the text, and one on their uses, the compounds being listed 
alphabetically under the element or radical for which they are 
used in qualitative and quantitative procedures. 

This four-volume treatise is an invaluable source of information 
for all who have occasion to make chemical analyses. The 
author deserves the thanks of analytical chemists for this monu- 
mental work in the interesting and rapidly growing field of or- 
ganic analytical reagents. 


JOHN H. YOE 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


@ GROWTH OF PLANTS—TWENTY YEARS’ RESEARCH 
AT BOYCE THOMPSON INSTITUTE 


William*Crocker, Managing Director, Boyce Thompson Institute 
for Plant Research, Inc., Yonkers, New York. Reinhold Publishing 
Corporation, New York, 1948. vi + 459 pp. 171 figs. 48 
tables. 16 X 23.5cm. $10. 


ENDOWED institutions have played an outstanding role in the 
development of science in the United States. Now, with the ac- 
cumulation of private wealth restricted by taxation and with in- 
creasing support of scientific investigation by state universities, 
by federal agencies, and by huge business corporations, the stimu- 
lating effect of independent research organizations is likely to 
be overlooked. It is especially gratifying, therefore, to find a 
comprehensive report on the founding, organization, and ac- 
complishment of a relatively young, endowed laboratory. 

Dr. William Crocker points out that Colonel William Boyce 
Thompson not only accumulated his fortune through the develop- 
ment of mines but thereby acquired an appreciation of the role of 
science in human activities. With the realization that the popu- 
lation of the United States might soon reach two hundréd million 
Colonel Thompson saw the necessity for an increase in food pro- 
duction, and he recognized the need for basic information about 


the primary food producers, the green plants. After a series of 
conferences with plant scientists he established the Institute, in 
1920, providing an endowment of about $10,000,000 and a labora- 
tory and greenhouses for studies in plant physiology. 

Although the cover title of this book suggests a treatise on the 
“Growth of Plants,” the factual material is confined largely to the 
projects of the Boyce Thompson Institute. These investigations, 
which have been described before, are now carefully summarized 
and are correlated with other similar studies. They include plant 
yellows and virus diseases, growth of aquatic plants in relation to 
wild-life population, the life span of seeds, dormancy in seeds, 
physiological effects of various gases on plants and animals, dor- 
mancy in buds, plant growth under controlled conditions, and a 
chapter on miscellaneous problems. Wanda K. Farr has contri- 
buted a chapter on plant cell membranes, chiefly cotton-fiber 
growth and cell-wall structure. P. W. Zimmerman has written a 
chapter on plant hormones; Albert Hartzell has described the re- 
search on insecticides; and S. E. A. McCallan has summarized 
the work on fungicides. 


The book is carefully organized and interestingly written. 
Many of the results are illustrated by selected photographs, several 


‘of which areincolor. Figure 57, which shows a Crassula plant that 


has shed its leaves after being sealed in a ten-liter bell jar with 
three puffs of cigarette smoke for five days, is particulaly striking. 

In these days of the rapid development of atomic power, one is 
inclined to forget the immense amount of energy obtained from 
the sun. At New York, in 1936, the solar energy received per 
acre was equivalent to about $106,000, calculated at two cents per 
kilowatt. The gap between the energy received by the earth and 
that stored by plants is enormous and is certainly worthy of fur- 
ther investigation. 

With science organized as it is today in the United States, not 
many investigators remain long in productive experimental work. 
They are drawn into other activities so that few are prepared to 
trace the course of scientific advance and to report it to the com- 
ing generation. For this reason, teachers and students will be 
indebted to Dr. Crocker for his timely report. In this book, 
prospective scientists will find many of the human and scientific 
factors that determine the course of progress and that cannot be 
gleaned from the usual comprehensive treatments of specialized 
subjects. 

HAROLD H. STRAIN 

CARNEGIE INSTITUTE OF WASHINGTON 

STANFORD, CALIFORNIA 


g THE CHEMISTRY OF ORGANIC COMPOUNDS 


James Bryant Conant, President of Harvard University, and 
Albert Harold Blatt, Associate Professor of Chemistry, Queens 
College. Third edition. The Macmillan Company, New York, 
1947. vii + 665 pp. 21 figs. 16.5 xX 24cm. $5. 


Tuis is a clear, readable, and effective presentation of the tra- 
ditional material in almost the traditional arrangement. It is 
adequate in scope without being burdensome, and it is up to date 
without being embellished with every item of recent interest. 

The authors’ characterization of this book as ‘‘a complete re- 
vision of the 1939 edition” may be misleading. That the text was 
gone through painstakingly and carefully there can be no doubt; 
that it was changed extensively is not true. The authors, in fact, 
deserve commendation for not tinkering too much with a presenta- 
tion that was already very effective. What changes there are 
seem to be for the better. Only a little additional material has 
been added and that, fortunately, largely compensated for by 
deletions. A few changes have been made in arrangement, and 
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many small changes have been made in the wording. Now and 
then an excellent.additional explanatory statement has been 
added. The nomenclature has been improved but is still not al- 
ways above criticism. Somewhat greater emphasis is placed upon 
reaction rates and equilibria. The new format and typography 
make for easier reading. 

The amount of material covered has been kept to a reasonable 
level. The appearance of the new edition might tempt one to 
doubt the authors’ assertion that it is not materially larger. But 
in reality there are the same number of lines on the new larger 
pages and the sane number of characters per line. The new edi- 
tion has slightly fewer pages: 665 as against 680. Thus, virtually 
the same amount of material has been eliminated as has been 
added. 

The choice of material presented is excellent. There is good 
balance between the scientific development of organic chemistry 
and its technical applications. A few recent advances are dis- 
cussed briefly (e. ¢., the structure of penicillin G and wartime de- 
velopments in the fields of antimalarial drugs and synthetic rub- 
ber), but the authors in general have been conservative in the 
introduction of material about compounds that have lately 
loomed large in the public press. The authors recognize the im- 
possibility of including “all the compounds which are of interest 
to the public in connection with medicine and public health’ and 
doubt, as we do, ‘the educational value of the mere inclusion of 
structural formulas of a great variety of complex substances.” 
The only extensive changes in content from earlier editions are 
the elimination of the chapters on “‘Synthetic dyes from coal tar,”’ 
“Plant and animal pigments,” and “‘Advanced topics in stereo- 
chemistry,” and the introduction of chapters on “Gasoline and 
rubber: Industrial products from petroleum” and ‘Certain bio- 
chemical processes.’”’ The new chapters would appear to be of 
greater interest and importance to the majority of students. 
Actually much of the information from the old chapter on syn- 
thetic dyes has been retained and distributed to logical positions 
in other chapters. The selection of material is pretty much the 
one long used, with, of course, the presently accepted greater em- 
phasis on aliphatic compounds. The increased emphasis on 
rates, equilibria, and the electronic theory of valence has not re- 
sulted in as great changes in the presentation as one might be led 
to expect from the preface. 

The traditional division between aliphatic and aromatic com- 
pounds is retained. Much can be said in favor of this time-tested 
treatment, giving as it does an excellent opportunity late in the 
course for review by way of contrast some reactions early consid- 
ered. As before, alcohols are discussed first and paraffin hydro- 
carbons two chapters later. In practice this approach seems to 
work out neither better nor worse than the conventional one. 
That it is particularly advantageous may be doubted. Students 
in general probably have had at least as much previous acquaint- 
ance with gasoline as with alcohol, although it must be admitted 
that some of them have had more intimate, even if not more ex- 
tensive, contact with the latter. 

Several chapters have been moved. The new arrangement 
seems better, and indeed hard to improve upon. Occasionally 
material has been transferred from one chapter to another. The 
transfer of the esters of inorganic acids from their former position 
with the alkyl halides to the section including esters of carboxylic 
acids is particularly effective. They have always seemed out of 
place with the alky] halides. 

The pleasing style of previous editions remains essentially 
unchanged; the occasional slightly more concise mode of expres- 
sion characteristic of this edition in no way detracts from it. 
Furthermore, the presentation is unusually clear. Rarely indeed 
should the text lead to any misunderstanding. Nevertheless, 
the significance of the smaller type in which some paragraphs 
are set is often hard to fathom. These sections are not always 
obviously less important or more incidental than others. The 
acetylenic hydrocarbons are named with the ending -ine rather 
than -yne and position-indicating numerals are usually placed 
after the endings to which they refer rather than before. The 
lack of complete consistency on the latter is apparent, however, 
from the appearance in the same line on page 324 of penten-3-oic 
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acid and 3-methyl-2-pentenal. It would be advantageous for all 
American chemists to get together on these points. Why not 
follow Chemical Abstracts? This book is still somewhat weak on 
IUC nomenclature, which it refers to as Geneva nomenclature, a 
name certainly less satisfactory for the present revision of the 
system. There is a free and curious introduction of hyphens 
into the names used in the exercises, e. g., dimethyl-isopropy]- 
naphthalene, di-n-propyl-methyl-methane, and 3,3-dimethyl- 
hexanol-2. The explanatory statement on this point (p. 12) is 
misleading and likely to be overlooked or soon forgotten. More- 
over, saying that a thing is going to be done does not make it 
right. Even though these hyphens do make the names more 
quickly comprehensible to beginners there is grave doubt if stu- 
dents should be presented with examples of incorrectly written 
names. Even at best they have trouble enough learning the cor- 
rect forms. 

Errors of fact are rare, typographical errors apparently even 
rarer. The relative importance of the two methods of manufac- 
turing ethanol is hardly as stated on p. 14. The sulfuric acid 
method of making methyl ethy] ether probably is not so much less 
convenient than the Williamson synthesis as is implied on p. 33. 
Putrescine and cadaverine are not as poisonous as one might in- 
fer from the specific mention of this property (p. 196). The im- 
plication on p. 637 that arsenoxide is now the best drug for use 
against syphilis is especially misleading in view of the failure to 
mention the effectiveness of penicillin when it is discussed on the 
following two pages. 

Pedagogically the book is excellent. The subject is introduced 
by easy stages and there are many evidences, such as the three 
ways of writing the formula for the purine ring on p. 617, that 
the needs of the beginner have been kept in mind. There is a lib- 
eral assortment of exercises—about the same number as the last 
edition contained. They are in general better and many of them 
are entirely new. Nevertheless, most of them still seem to be 
adapted to the needs of the more capable students. They could 
be improved by a more liberal use of structural formulas. 

This book will be welcomed by the many who have used the 
previous editions successfully. It remains one of the best texts 
available to those who prefer a conservative and traditional ap- 
proach. 


LAWRENCE H. AMUNDSEN 
UNIVERSITY OF CONNECTICUT 
Srorrs, CONNECTICUT 


© MECHANICAL BEHAVIOR OF HIGH POLYMERS: 
HIGH POLYMERS, VOL. VI 


Turner Alfrey, Jr., Assistant Professor of Polymer Chemistry, 
Polytechnic Institute of Brooklyn. Interscience Publishers, Inc., 
New York, 1948. xiv + 581 pp. 246 figs. 27 tables. 16 X 
23.5cm. $9.50. 


a 

TuHE scope of this monograph is actually much broader than 
the title suggests: rather than a compilation of tables of proper- 
ties with empirical descriptive comments, it represents a serious 
attempt to correlate the macroscopic properties of polymeric sys- 
tems with their detailed molecular structure, by an author whose 
original contributions have established his reputation for compe- 
tence. As stated in the preface, polymeric systems are technically 
important primarily on account of their very wide range of me- 
chanical properties. Chemical properties are, except for stabil- 
ity, usually only incidental in the specifications. Nevertheless, 
it is, in last analysis, the short-range forces and the details of 
local structure which control the properties of the system in 
bulk. Very briefly, mechanical properties are here treated by 
means of the continuum theory based on the differential equations 
of motion. Frequent use is made of the Maxwell model of spring 
and dashpot in series or the Voigt parallel element, depending on 
whether relaxation or creep phenomena are under discussion. 
The statistical model of Mark, Guth, and Kuhn is then used as 
the starting point for an interpretation of bulk properties in 
terms of molecular parameters. : 
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The introduction (pp. 1-92) is a description of the hydrody- 
namics of ideal and real fluids, in which the differential equations 
are developed and the simple Maxwell and Voigt elements are 
brought in as models for relaxation and retarded flow. This per- 
mits an early presentation of the time constants of elastic systems 
and emphasizes to the reader the significance of the ratio of the 
time actually involved in an experimental determination and the 
time of response of a given internal mechanism. Finally, the 
behavior of crystalline solids, liquids, and plastics is discussed 
from the point of view of molecular processes. 

Amorphous linear polymers are treated in the second section 
(pp. 98-233). A four-parameter model is first used to cover the 
simultaneous possibilities of instantaneous elasticity, retarded 
elasticity, and flow. Depending on the time-scale of the experi- 
ment, one or another of these processes may control; the soften- 
ing range, for example, is defined as the temperature range where 
“stress-biased”’ intramolecular motion outweighs instantaneous 
over-all elastic response. It is then shown that a distribution of 
relaxation times is needed to describe the properties of real sys- 
tems and successively more complicated models (and mathema- 
tics) are brought into the presentation. (Further mathematical 
details are given in appendixes.) Dynamics of viscoelastic proc- 
esses are next considered for several important special cases: con- 
stant stress, constant deformation, constant rate of deformation, 
and stress sinusoidal in time. 

Three-dimensional cross-linked polymers are next discussed 
(pp. 234-339). Here, liberal use of direct quotations from Flory’s 
paper is made in the theoretical introduction. Stress relaxation 
in vulcanized rubber is treated from Tobolsky’s point of view, 
again by direct quotation. The author is to be commended for 
this practice (which is followed extensively in the monograph) : 
it is much to be preferred to the lame paraphrasing of the work of 
others which is so often encountered. Section D (pp. 340-426) 
covers crystallization in polymers. Detailed attention is given 
to rubber, cellulose derivatives, nylon, and wool. A section on 
plasticized polymers and solutions of polymers (pp. 427-475) fol- 
lows. Finally, the author ventures into the hazardous subject 
of ultimate strength of materials (pp. 476-533). This topic is of 
first-rank importance to the technical man, but is the least amen- 
able to theoretical treatment of all the mechanical properties, 
because mechanical failure can only be described mathematically 
as a‘singularity produced by the erratic behavior of unknown 
independent variables. Alfrey clearly states this inherent dif- 
ficulty and then proceeds to a comprehensive review of a variety 
of empirical results. Appendix IV, with the pungent quotation 
from Mooney, belongs with this chapter. 

Instead of a cumulative author index, each section of the book 
has its own bibliography, distributed as follows: 50, 96, 48, 58, 
51, and 172 references. This scheme is very convenient for the 
reader. ; 

The reviewer does not pretend to have read the book page by 
page; it has, however, been liberally sampled, and the samples 
were uniformly good. Alfrey’s “Mechanical Behavior of High 
Polymers” is recommended as a reference work to all who are 
active in the general field of polymer research. 


RAYMOND M. FUOSS 
YAaue UNIVERSITY 
New Haven, Connecticut 


@ BIOCHEMISTRY FOR MEDICAL STUDENTS 


William Veale Thorpe, Reader in Chemical Physiology, Uni- 
versity of Birmingham, Fourth edition. Williams & Wilkins 
Company, Baltimore, 1947. viii + 496 pp. 36 figs. 14 x 20 
cm. $5. 


TuHE subject matter in this textbook presents a well-balanced 
account of biochemical processes in the human body and is suf- 
ficiently detailed for the needs of the medical student. The author 
takes the viewpoint that biochemistry is so intimately connected 
with physiology that the study of the two subjects must be closely 
integrated. Much can be said for this viewpoint which is encoun- 
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tered more frequently in English textbooks than in those written 
in this country. It makes possible the omission from the biochem- 
istry text of much material of a physiological nature that is in- 
cluded in textbooks of physiology. This leads to a more concise 
presentation of the strictly chemical processes occurring in the 
body and avoids the danger of the book assuming the proportions 
of a reference work rather than a text. Thorpe has achieved this 
characteristic of conciseness without sacrificing adequate expla- 
nation for the student. 

The book is divided into three parts. The physicochemical 
principles involved are presented in Part I, which also includes 
the chemistry of the constituents of tissues and food and their 
distribution in various tissues. The emphasis on physicochemical 
aspects and the extended discussion of the properties of water 
and aqueous solutions need no justification. On the other hand, 
it is questionable whether the considerable discussion of the con- 
figuration of the sugars is necessary for the medical student. 

Metabolic processes, digestion, absorption, intermediary me- 
tabolism, hormones, and vitamins are taken up in Part II. The 
principles of nutrition, the nature and composition of foods, and 
the requirements of the body are presented in Part III. The ex- 
cretions are discussed in this Part. Much new material has been 
incorporated into this fourth edition. A short chapter on the use 
of isotopes in biochemical investigations has been added. 

Difference in nomenclature between English and Americdn 
writers will be noted occasionally but such differences are not such 
as to seriously disturb the American reader. 


F. A. CAJORI 
University oF Cotorapo ScHoon or MEDICINE 
Denver, COLORADO 


@ MODERN PRACTICAL CHEMISTRY 


A. E. Bell, Head of the Science Department, Clifton College. 
Edward Arnold & Company, London; Longmans, Green and 
Company, Inc., New York, 1947. viii + 224 pp. 45 figs. 
14.5 X 22cm. $2. 


TuIs BOOK is a laboratory manual designed to help prepare 
English students for “such examinations as Higher School Cer- 
tificate, London Intermediate, and First M. B. examinations.” It 
contains the English equivalent of our laboratory courses in 
qualitative and quantitative analysis, inorganic and organic prepa- 
rations, qualitative organic analysis, and a dozen of the stand- 
ard experiments of physical chemistry. A few notes accompany 
the instructions, but frequent references are made to supplemen- 
tary texts; asa laboratory manual, the book is complete in itself. 
The entire list of experiments could be performed in not less than 
five semesters of the usual college program. The equipment re- 
quired is certainly likely to be found in any school laboratory; I 
would suggest that modern laboratory practice, even during the 
first two years of college, requires some, acquaintance with 
instruments which the author does not bring in—e. g., the glass 
electrode, refractometer, polarimeter, and various instruments for 
spectral analysis. ’ 

There are only a few places where troublesome misprints or 
mistakes occur. On page 39, the mention of Bit+ and Bi(OH). 
may confuse some students, while on page 45 the concentration 
of Cutt ion derivable from K3[Cu(CN),] is discussed without 
explicit mention of the reduction of the oxidation state of Cu*+* 
caused by the addition of KCN. Nascent hydrogen is stated to 
be the active reagent in the reduction of nitrate by Devarda’s 
alloy (p. 60). Is there any evidence of this? ° 

With the exception of an experiment using fluorescein as an 
adsorption indicator, recent revisions of important analytical 
procedures have been largely by-passed. No mention is made of 
the use of nitrobenzene as an agglomerative agent in the Volhard 
determination of chloride, and the student is left innocent of the 
complexities of the permanganate-oxalate titration which have 
resulted in the improved procedure of Fowler and Bright. On 
page 68, the theory of organic indicators for redox reactions is 
“still incomplete and lies beyond the scope of this book,” but on 
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page 74 the student is instructed to use methylene blue which is 
decolorized reversibly, ‘owing to the formation of leuco-base.”’ 
No mention is made of the phenanthroline-ferrous-ion indicator 
and its derivatives for use at high oxidation potentials. Proced- 
ures are given for the standardization and use of titanous sulfate 
solutions, but ceric solutions, which seem to me more generally 
useful, are dismissed with the simple equation for their reduction. 
In spite of the concentrated style of writing used by the author, 
he takes a half page of a 10-page introductory chapter to derive 
the expression for the solubility product by a method that he 
immediately states ‘“‘cannot be regarded as satisfactory since 
sparingly soluble salts are certainly highly dissociated.”” Why 
not restrict the discussion to arguments that seem more accept- 
able, as does the alternative derivation due to Butler, which is 
given later (p. 88)? 

Despite these shortcomings, the book has more good chemis- 
try, page for page, than most of the manuals in common use dur- 
ing the first two years of college chemistry. Here is the essence 
of experimental chemistry. The experiments are the usual ‘‘tried 
and true” ones, which I consider to be an advantage. The direc- 
tions are models of conciseness, and when caution is necessary, 
it has been invariably advised. There are very few extraneous 
sentences, and occasionally much more is implied than most of 
jy students can digest. It requires close reading and it seems to 
me not to be easily adaptable to fairly large groups of American 
students. 

ROBERT EPPLE 


Brown UNIVERSITY 
PROVIDENCE, RHODE IsLAND 


@ CHEMICAL RUSSIAN SELF-TAUGHT 


J. W. Perry, Massachusetts Institute of Technology, Journal of 
Chemical Education, Easton, Pa., 1948. vii + 221 pp. 13 x 
20 cm. $3. 


TuIs VOLUME is No. 4 in the series of ‘‘Contributions to Chemi- 
cal Education,’’ and represents in augmented form a series of 
articles which appeared earlier in the Journal of Chemical Educa- 
tion. The entire work provides a compact reference manual which 
will be invaluable to all chemists who wish to read the ever- in- 
creasing volume of Russian literature in the original. 

As pointed out in the preface, the book is intended to be used in 
conjunction with a dictionary and a grammar. It would be 
difficult to learn enough Russian solely from this book to read 
even the chemical literature with ease. However, if the reader 
has a basic general knowledge of the structure of the Russian 
language, and the perseverance required for learning any foreign 
tongue, the large amount of information on the special peculiar- 
ities of chemical Russian contained here will greatly speed the 
arrival of the time when a Russian journal can be understood 
quite easily. In no other place can this information be so quickly 
obtained. 

The first two chapters, on aptitude for learning languages and 
suggestions for study methods, should go far toward dispelling 
the fear, so common in chemists and nonchemists alike, that 
Russian is too difficult for a speaker of English to master. Wisely, 
the book begins at once to include Russian words in the body of 
the text, with no attempt at transliteration. There is no sugges- 
tion that the unfamiliar alphabet offers any undue difficulty. 
This psychological method should aid the reader to overcome the 
usual idea that the alphabet is a major obstacle. Actually, to the 
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surprise of most beginners, a week of practice is usually all that is 
required before they find themselves reading Russian words with- 
out hesitation. The alphabet is the least formidable barrier to 
understanding the language. 

The next three chapters discuss the vocabulary problem, in- 
organic and organic nomenclature. The most valuable part of 
the book is found in these chapters. Chemical Russian uses many 
special methods for expressing its ideas, methods which arise in 
part from the structure of the language, and in part from a his- 
torical development of chemistry somewhat different from that of 
the science in western countries. While an acquaintance with 
these special features can be gained by continual reading of the 
Russian chemical literature, the information contained here will 
greatly simplify and speed the process of obtaining a good reading 
knowledge. As the author advises, however, constant reading of 
Russian journals is essential if the rules which he presents are to 
become part of the reader’s permanent mental equipment. 

It may be objected that in the chapter on organic nomenclature 
too much space is devoted to long lists of organic compounds 
whose names in Russian and English are practically identical, 
and which therefore offer no problem, once the alphabet is mas- 
tered. Perhaps, however, the practice in recognizing chemical 
terms afforded by these lists is of value in itself. 

The last two chapters contain a rapid survey of the essentials 
of Russian grammar, with lists of various declensions and conju- 
gations, and a glossary of Russian technical terms. The con- 
densed character of the chapter on grammar may alarm the be- 
ginning student, for the complexity of the noun forms and the 
strange habits of the verbs are somewhat overwhelming when 
presented in a limited space. However, if the chapter is used 
chiefly for reference when a grammatical difficulty arises, most 
problems can be solved without recourse to a large grammar. The 
glossary contains a list of the chief terms one is likely to encounter 
in a chemical article, and often indicates the derivation of these 
terms from simpler Russian words. This valuable list should 
save much time which would be lost in searching for them in a 
large dictionary, and gives at once the technical meaning which is 
often hidden by the more general meanings given in the usual 
dictionary. 

While the book is designed to furnish the essentials of a reading 
knowledge of chemical Russian, it properly recommends that an 
attempt be made to attain a degree of facility which will permit 
the reader to grasp the meaning of a sentence without direct 
translation into English. This implies a mental pronunciation of 
the words and phrases. It is here that a weakness is found. The 
author states that the accent is not indicated, since it is not re- 
quired for a reading knowledge. The accent in Russian is en- 
tirely free, and often occurs on a syllable on which it would not be 
expected by a speaker of English. Hence, such a speaker may 
form an entirely incorrect idea of the pronunciation of a given 
word which may lead to difficulties if at a later time the word is 
heard, or an attempt is made to pronounce it aloud. The inser- 
tion of an accent mark on each word would avoid this. A similar 
objection can be made to the failure to indicate the occurrence in 
a word of the sound sometimes indicated by the letter é. 

In general, this is a most valuable book, and will prove of 
great aid and interest not only to the beginner, whose path it will 
do much to smooth, but also to the more experienced linguist, who 
may not realize how many specialized meanings have been built 
nto the scientific form of the language. 

HENRY M. LEICESTER 

CoLLEGE OF PHYSICIANS AND SURGEONS 

San FRANcisco, CALIFORNIA 
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You'o think we would be satisfied with all the various temperature scalés we have, 
and not try to make two out of one already in existence. What perversion, I won- 
der, makes some people speak of temperatures “Cahntigrade.’’ Somehow, the 
difference between ‘“‘Fairenheit’’ and ‘Fahrenheit” never seems to be quite so 
jarring. 

Must we bring our Latin derivation into English via the French? I am sure that 
not more than one per cahnt of us think so. And if we really want to make a French 
word out of it we ought to be consistent and soften up that hard last syllable a little. 
But we don’t. 

Webster’s Unabridged gives no excuse for ‘“Cahntigrade,”’ nor does the recent 
American College Dictionary, which specializes in recognizing common usage, even 
when it is cohtrary to classical dictates. The situation is somewhat different 
with the commonly heard “kilom’eter,’’ which also jars my aural nerves.. The 
College Dictionary lists this pronunciation as ‘‘occasional.’’ However, there is not 
even an “occasional” use of the analogous “‘centim’eter,’’ although it rolls off the 
tongue with even more impressive friction than does the antepenultimate pronunci- 
ation of the larger unit. But I am really holding my white flag to wave when some- 
one comes along with a “‘kilol’eter.’’ After all, is length so much more fundamental 
a measurement that it alone is entitled to an antepenultimate emphasis? 

Still, may be it is a good thing that we don’t all pronounce these things the sanie 
way. The differences, irritating or charming, at least relieve the monotony of the 
closing days of summer. 




















Chemical Education in American Institutions 





UNIVERSITY OF 


HISTORICAL 


“The University of Oxford,” states a modern hand- 
book, “may be said to date from the reign of King Henry 
II.” According to Webster, that never-failing store- 
house of knowledge for the ignorant chemist, the reign 
of the first Plantagenet king began in 1154, so that il- 
lustrious Oxford is now some 800 years old. Compared 
to this venerable age, the oldest of American universi- 
ties is but a stripling and the western universities of the 
New World are mere infants. The University of Kansas, 
for example, the first state university to be established in 
the Great Plains region, opened its door in 1866 and 
thus can claim an age scarcely a tenth that of its English 
compeer. Although it may seem impudent boldness to 
compare Oxford and Kansas in the same breath or in the 
same line, it may be pointed out that there is a parallel 
between the great English university and its fresh-water 
colleague at the gateway to the wide open spaces. 

Oxford early established a reputation in the sciences, 


ROBERT TAFT, SR. 


The University of Kansas, Lawrence, Kansas 


especially in their practical application; and sciences 
and their application were early stressed in the begin- 
nings of the University of Kansas. For classical educa- 
tion, in vogue at that day, could make no immediate 
contribution to a commonwealth that was expanding 
rapidly westward at the close of the Civil War. Towns, 
railroads, bridges were to be built, mineral resources 
were to be explored and utilized, industries established, 
and agriculture developed. With these crying needs, it 
is not surprising that engineering and the sciences were 
early stressed at Kansas. 

Natural philosophy—which included chemistry and 
physics—was originally offered at Kansas in the scien- 
tific preparatory course and taught by a young man 
trained in the ancient languages and theology. And 
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doubtless well taught at that, for the teacher was able 
and industrious with a natural bent toward scientific 
thought. Then, too, such standard textbooks of the day 
as Steele’s “Fourteen Weeks in Chemistry” gave the 
maximum information in the minimum of time. 

As the number of college students increased (all the 
original students were enrolled in preparatory courses) 
other chemistry courses were offered and a local physi- 
cian was employed to teach them. However, a demand 
from the mining districts of the mountains south and 
west led in a few years to the employment of a professor 
of physics and chemistry, and shortly thereafter, in 
1874, the first full-time chemistry teacher was added to 
the staff. Nine years later, the number of chemistry 
students had increased to such an extent that the state 
legislature was asked to provide a chemistry building. 
The legislature responded by making an appropriation 
of four thousand dollars and permitting the use of eight 
thousand dollars saved by the University—doubtless at 
the expense of faculty salaries—for a new building. 
Science (vol. 3, p. 58, 1884), in describing the building 
resulting from the appropriation, called attention to the 
special equipment provided in a large assay laboratory 
including ‘‘crucible and muffle furnaces and complete 
apparatus for the fire assay of ores” and concluded with 
theobservation, ““The sum of $12,000 wiselyand economi- 
cally expended leaves the Chemistry Department as 
amply provided with facilities for instruction as any in- 
stitution west of the Mississippi.”’ 

Professor E. H. 8. Bailey, who arrived at Kansas at 
practically the same time as the new building, was to 
direct the destinies of the department for 38 years. In 
this period, the chemistry staff grew from one to twenty- 
five, the chemistry students from a few score to 500, and 
the chemistry budget from a few hundred dollars to 
$16,000. Notable events in this period were the erec- 
tion in 1900 of a new chemistry building (the one still in 
use), the addition of a liquid air plant in 1903, for years 
the only such plant in the trans-Mississippi region; and 
the arrival in 1906 of Dr. R. K. Duncan, a pioneer in 
establishing industrial fellowships as part of university 
life, who left after five years to develop the Mellon In- 
stitute of Industrial Research in Pittsburgh. The de- 
partment was also extremely fortunate during this period 
in having associated with it such chemists as E. C. 
Franklin, E. E. Slosson, H. P. Cady, and C. A. Kraus, all 
of whom received their undergraduate training at Kansas 
and who later became well known to the profession. 

The complete list of Kansas students and teachers 
who achieved chemical distinction in this early period 
of the University’s history is indeed remarkable. In 
the halls of Bailey Laboratory there hang, for example, 
the photographs of six presidents of the American 
Chemical Society all of whom were intimately asso- 
ciated with the department in one way or another in 
this early period. These facts seem all the more unusual 
when one considers the relatively small population of 
the state—approximately a million and a half—and of 
the size of the University itself. For, prior to World 
War I, total University enrollment did not exceed 3500 
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and for much of the period it was less than 2000 stu- 
dents. 

.From 1921 until the present the growth of the de- 
partment, both in number of students and staff, has 
paralleled the growth of universities in general. Large 
enrollment increases following World War I had their 
counterpart, on a larger scale, after World War II. 
During World War II serious difficulties in maintaining 
staff were encountered, not only because of outside de- 
mand, but because of retirement, resignation, and death 
of older members. Asa result, the department was hard 
pressed to furnish staff, space, and apparatus to meet 
the deluge of students following the close of the war in 
1945. A full-time staff of seven was left to cope with 
2000 students in chemistry; before the war, ten in- 
structors of professorial rank had been available to teach 
less than 1000 students in chemistry. 


THE SENIOR STAFF 


Fortunately, by raiding other schools and acquiring 
several bright young men with little teaching experi- 
ence, the staff was enlarged so that it now includes an 
emeritus professor, some twelve senior members—all of 
the rank of assistant professor or above—fifty graduate 
assistants, twenty research fellows, five storeroom and 
supply men, a mechanic, four stenographers, and a glass- 
blower. 

One of the extraordinary features of present depart- 
mental organization at the Univérsity of Kansas is the 
employment of democratic procedure in the establish- 
ment of all departmental policy and action. Monthly 
meetings of all senior members of the staff are held and 
policy and action decided upon by majority vote of all 
members. When one considers academic practice in 
general, where authority for all action usually descends, 
like manna, from the gods of administration above, such 
practice is unusual—or at least it is in so far as the writer 
is familiar with it in many schools. But additions to 
staff, both the senior staff and the graduate assistants, 
are all subject to the action of the senior staff itself. 
New courses, revision of courses, graduate examinations, 
specific requirements for students for advanced degrees, 
in short, the entire work of the department, is in the 
hands of the group as a whole. 

Much of the detailed work of the department, how- 
ever, is handled by special committees, having usually a 
membership of three or four. Included among these 
are committees on graduate studies and examinations, 
on graduate assistants, on space and laboratory facili- 
ties, and on library purchases and use. The depart- 
mental chairman is appointed by the administration 
and serves as presiding officer at staff meetings, as liai- 
son between staff and administration, and as the gen- 
eral executive officer in carrying out the decision of the 
department. _ 

Teaching loads of the senior staff still remain heavy at 
Kansas although considerably lower than the levels of 
the immediate postwar days. To add interest and in- 
centive, each member gives one or more graduate 
courses in addition to one or more undergraduate 
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A Small Organic Chemistry Research Laboratory Housing Two 
Students Working in the Field of Synthetic Medicinals. 


courses. The average number of lectures given by each 
member of the senior staff is at present eight each week. 


LABORATORIES 


Bailey Laboratory, -the official designation of the 
home of the Kansas department of chemistry, is a four- 
story stone building about 80 X 190 feet in dimensions. 
The building, now nearly fifty years old, is shared with 
the School of Pharmacy, which occupies about one- 
fourth of its space. 

The lower floors of Bailey Laboratory are given over 
to organic and physical chemistry, both for under- 
graduate and graduate instruction; the departmental 
offices and dispensing storeroom, as well as some labora- 
tories and classrooms, are on the second floor; the 
general chemistry laboratories and largest lecture room 
are on the third floor. The fourth floor is chiefly used 
for the storage of supplies and equipment although the 
main chemical stock is carried in a storeroom in the 
basement. 

During the summer of 1946 a number of laboratories 
were modernized by refinishing and by the addition of 
much new laboratory furniture. Included among these 
laboratories were those of general chemistry, several 
research laboratories including a large physical chem- 
istry laboratory, andt he physical measurements labo- 
ratory which is now being air-conditioned to secure a 
constant temperature of 25°C. the year around. 

The problem of greatly needed additional space has 
been met to some extent by the acqusition of a Quonset 
hut, now called Bailey Annex. The Annex, 40 X 80 
feet, has provided research laboratories for thesis stu- 
dents. It is recognized that such spac relief is a tem- 
porary expedient but “temporary” probably means 
“for some years.”” An adequate and modern chemistry 
laboratory is of paramount importance to the continued 
growth of the department and the need is being continu- 
ally stressed to the public and to the administration by 
the departmental chairman and by the committee on 
space. 
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BUDGET 


The growth of the department in numbers—both in 
students and staff—has required an ever-increasing en- 
largement of the operating budget. During the past 
year, 1947-48, it was approximately $200,000 divided 
as follows: 


Salary budget? 
_ Supplies and equipment 
Library fund 
Fellowships and research projects 


For the coming year, the budget will be considerably in 
excess of this total sum. The last item listed above is 
not completely under the control of the department or 
of the University as some sponsors pay their fellowship 
holders directly. All, however, make some contribu- 
tion toward the purchase of supplies and equipment. 


CHEMICAL LIBRARY 


There is available an excellent treatise and journal 
library, due largely to many years of labor by the late 
Dr. F. B. Dains. We are handicapped, however, by 
lack of library space and library help. A small reading 
room has been provided for graduate students and staff 
in the basement of Bailey Laboratory but the main 
stacks of the chemical library are housed in the central 
University library. Here, betause of lack of space and 
of deficiencies in the library staff, the chemical library 
itself is widely dispersed in the main library, factors 
which make the use of the library inconvenient. In a 
new chemistry building, if it ever materializes, we hope 
to have our adequate chemical library completely as- 
sembled and to provide a trained chemical librarian. 


THE JUNIOR STAFF 


In the method of teaching employed at Kansas, sen- 
ior members have charge of all courses, give the lec- 





1 Includes senior staff, junior staff, and service wages. 


Bailey Annex, Which Houses Some 10 Research Laboratories in 
Organic and Inorganic Chemistry. The Corner of the Building in 
the Background Is Strong Hali, the Administration Building of the 
University. 
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tures, prepare the examinations, and direct the work of 
the teaching assistants. The assistants have charge of 
groups of fifteen to twenty in the laboratory and of 
twenty-five to thirty in recitation sections. The junior 
members of the staff, therefore, come in more intimate 
and extensive contact with undergraduate students than 
io the senior members. A considerable share, therefore, 
of the quality of the instruction depends upon the qual- 
ity and ability of the teaching assistants. Since some 
forty or fifty of these assistants are necessary in carry- 
ing out the work of the department, the problem of se- 
curing an adequate number of properly qualified young 
people for this task is in itself considerable. Stipends 
for the work of these graduate assistants have been 
gradually raised so that we now pay a minimum of one 
hundred dollars a month for half-time assistants. As 
instructors acquire experience and proficiency, they are 
given slight salary increases beyond this sum. 

As a result of an advertising campaign, applications 
in considerable number come in but many are from 
students ill prepared to begin graduate work in chem- 
istry. Only those are employed who plan to continue 
graduate study. Others have records that are scarcely 
average; some even have a number of failures reported 
on their transcripts. In fact, the situation is in marked 
contrast to prewar days when applications were abun- 
dant—ten to fifteen applications for every vacancy and 
the academic record of applications was much higher 
than at present—for, at that time, no application was 
considered unless the applicant had at least a B average 
(on a grading scale of A-B-C-D, where A was the highest 
grade). Now, unfortuna- 
tely, in order to maintain 
our staff, consideration must 
be given every applicant and 
an attempt made, on the 
basis of transcripts, applica- 
tion, and recommendations, 
to select those who, we be- 
lieve, have a chance to make 
good in graduate school. 
We feel that the general 
quality of graduate appli- 
cants is again improving 
and it seems probable that 
as the wartime deficit is 
overcome and the number 
of students graduating in 
chemistry increases, the 
average quality of appli- 
cants will gradually rise 
much higher than at pres- 
ent. 

We find that even with 
good transcripts and recom- 
medations, successful appli- 
cants vary greatly in the 
quality of their previous 
training. Partly as a result 
of this finding and partly to 





417 


enable us to give the best advice to these incoming 
students, we have in recent years required that all new 
graduate students—whether graduate assistants or full- 
time students—take a series of four placement exami- 
nations: one in general and inorganic chemistry, one in 
analytical chemistry, one in organic chemistry, and one 
in physical chemistry. The examinations are designed 
to test the student’s knowledge of fundamentals in each 
of these fields as taught our own undergraduates. 
Each student, it should be stated, is notified in ad- 
vance of enrollment that he is expected to take these 
examinations. 

Most students, we find, are able to pass the general 
chemistry examination, and many the organic chemis- 
try. Failures occur in analytical chemistry and are all 
too frequent in physical chemistry. Failures in organic 
and physical chemistry require repetition of the under- 
graduate courses as we Offer them, although the place- 
ment examinations are so arranged that it is possible to 
direct a student into a repetition of either one or both 
semesters’ work in these courses. A year’s work, two 
semesters, is required of undergraduate majors in or- 
ganic and physical chemistry. Failures in general and 
analytical chemistry may be made up by auditing 
courses or by individual study, but successful comple- 
tion of these examinations is required if the student is 
to continue graduate study with us. 


UNDERGRADUATE INSTRUCTION 


Comparatively few of the 2000 students taking 
courses in chemistry at Kansas are majors in chemis- 





Physical Chemistry Research Laboratory. The Laboratory, One Corner of Which is Shown, Can House 
Some Eight Thesis Students. 






Research Laboratory with Accommodations for 4 Students Working 
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try. Comparative data for a prewar and a postwar year 
show chemistry enrollments as follows: 
Undergraduate Majors 
(Juniors and Seniors) Graduate Students 
1940-41 32 37 
1947-48 63 74 
Undergraduate instruction in chemistry, is therefore, 
primarily a service rendered to the engineering, 


Year 


pharmacy, and medical schools and to other depart- 
ments maintaining chemistry prerequisites for their 


own majors. 

For undergraduates three courses are offered in be- 
ginning * chemistry: one, a single-semester survey 
course for liberal arts students who wish a general re- 
view of the field and who plan on taking no further 
work in chemistry; a second course (Chemistry 2), 
basic to other courses in chemistry but primarily for 
nonmajor students; and a third course (Chemistry 5) 
for students majoring in chemistry. 

Students in Chemistry 2 are divided into two 
main groups, a division made primarily to accommodate 
engineering students who are enrolled together in one 
group. The work of the two groups differs during the 
first semester only in laboratory enrollment, engineers 
being required to complete one laboratory period of 
three hours each week; students in the other group are 
enrolled in two laboratory periods. The second se- 
mester’s work for the two groups, however, is consider- 
ably different. All engineering students take a com- 
mon year’s work as freshmen, the common year in- 
cluding two semesters of chemistry. The second 
semester’s work in beginning chemistry has been modi- 
fied to include more organic chemistry than is ordi- 
narily taught in such courses because, for many engineer- 
ing students, no further work in chemistry is taken. 
About one-fourth of the work of the semester in this 
course is devoted to organic chemistry in the classroom 
and about one-third of the student’s time in the 
laboratory is spent in this field; the remaining two- 
thirds is used in the experimental study of metals and 
their compounds and in qualitative analysis. 
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Chemical engineers, taking the common freshman 
year, are enrolled in the above courses but special 
courses are not provided for their remaining work in 
chemistry; and chemical engineers (chemical engineer- 
ing is a department separate from the chemistry de- 
partment) are enrolled in courses in quantitative 
analysis, organic chemistry, and physical chemistry, 
with chemistry majors and all other students taking 
these courses. 

Chemistry majors have provided for them a special 
sequence of courses in their beginning work, a sequence 
designed so that students may enter readily from other 
beginning courses. Comparatively few students, as 
freshmen, have decided to major in chemistry. Those 
who have made the decision enroll as freshmen in 
Chemistry 5, already mentioned. After several weeks’ 
work in Chemistry 2, students showing superior ability 
are invited to transfer their enrollment to Chemistry 5 
which has the same class schedule as Chemistry 2. 
Students are under no compulsion to make the transfer 
but those who do, together with the previous enrollees, 
continue in Chemistry 5 at a somewhat faster pace than 
do those in Chemistry 2 and consider material not 
ordinarily included in a beginning course. A second 
semester’s work, similar in design, follows Chemistry 5. 
This course provides no training in qualitative analysis, 
as is given in other second courses in chemistry, but 
laboratory work in general chemistry is continued 
through the second semester. A third course, however, 
in qualitative analysis is offered for chemistry majors. 

The upperclass courses are common to all students. 
Chemical majors as seniors, however, if they have main- 
tained a B average, may enroll in an undergraduate 
research course in any of the fields of chemistry and a 
number of students have taken advantage of the course 
and have done sufficiently creditable work to warrant 
publication. An undergraduate chemical society, too, 
stimulates interest in chemistry and chemical research 
and at its semimonthly meetings invites members of the 
senior staff, as well as outside speakers, to address them. 

A local chapter of Alpha Chi Sigma, professional 
chemical society, is also active in stimulating chemical 
interest and scholarship. Among other activities, for 
example, the chapter has maintained for the past 18 
years a bronze plaque recording the names of the out- 
standing senior in each class selected by the senior staff 
and who has been judged on the basis of “‘scholarship, 
personality, and integrity.” Quite recently, too, a 
chapter of Phi Lambda Upsilon, honorary chemical so- 
ciety for undergraduates and graduates, has been or- 
ganized. 

Chemistry majors, too, it should be pointed out, ‘have 
the choice of two degrees; the student may be a candi- 
date for the A.B. degree or for the degree of Bachelor of 
Science in Chemistry. For the first degree, a year’s 
work in each of the four courses, general chemistry, 


analytical chemistry, organic chemistry, and physical , 


chemistry, is required of all students who wish to satisfy 
the minimum requirements of the American Chemical 
Society. It is, however, possible under the rules of the 
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College of Liberal Arts and Sciences, of which the chem- 
istry department is an organizational part, for a student 
to secure a major in chemistry with less training than 
outlined above. Such students, however, are usually 
premedical students or others not primarily interested 
in chemistry as a profession. For the Bachelor of Sci- 
ence in Chemistry, a student is permitted to enroll in a 
somewhat greater number of courses in chemistry (en- 
rollment in 46 hours of chemistry is possible as against 
40 hours, the maximum for the A.B. degree). 

All majors satisfying the minimum requirements of 
the A.C.S. take courses in mathematics through calcu- 
lus, a year of college physics, and a year and a half of a 
modern language, preferably German. In addition, the 
general requirements of all students, as laid down by the 
College of Liberal Arts and Sciences, must be met. 
Such requirements include the successful completion of 
courses in speech, English, biology, and social sciences. 


GRADUATE INSTRUCTION 


Most beginning graduate students are candidates for 
the Master’s degree, although in recent years more 
students are entering their work for the doctorate with- 
out becoming candidates for the intermediate degree. 

Master’s degree candidates must pass the placement 
examinations previously mentioned and must complete 
satisfactorily courses in chemical bibliography, in sys- 
tematic advanced inorganic and in systematic advanced 
organic chemistry, unless these were presented as enter- 
ing credit. In addition, courses in physicochemical 
measurements, in qualitative organic analysis and a 
graduate course in analyti- 
cal chemistry are required. 
To complete the require- 
ments for the master’s de- 
gree, a research project in- 
volving approximately a 
third of a year’s work must 
be completed and a set of 
four examinations, one in in- 
organic, one in organic, one 
in analytical, and one in phy- 
sical chemistry, must be 
passed. 

We are using these mas- 
ter’s examinations for the 
purpose of screening candi- 
dates for the doctorate, as a 
B average on the master’s 
examinations must be at- 
tained by students who in- 
tend to continue their work 
toward the doctorate.? The 
master’s examinations are 
taken as qualifying examina- 
tions also by students who 
do not complete the remain- 
ing requirements for the 
master’s degree but are 





continuing directly to the 
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doctorate, as well as by doctor’s candidates who have 
come to us with advanced graduate training from other 
institutions. 

As a result of these examinations, of class work, and 
of personal knowledge by individual staff members, ap- 
plicants for admission to doctor’s candidacy are con- 
sidered by the entire senior staff and the recommenda- 
tion of the staff is sent to the dean of the graduate 
school. 

If the student is admitted to candidacy, a committee 
of three faculty members is appointed which advises 
the candidate on his future work. No additional course 
requirements, beyond those prescribed for the master’s 
degree, are set by the staff but the advisory committee 
may suggest additional courses. 

The doctor’s candidate must pass German and French 
examinations, administered by the respective depart- 
ments and a preliminary written and oral examination 
in the field of the candidate’s choice: inorganic, ana- 
lytical, organic, or physical chemistry. Although 
graduate training in biochemistry and chemical engi- 
neering is given in the University, such courses are ad- 
ministered by separate departments. The graduate 
school of the University also requires an examination in 
a minor field outside the department. These examina- 
tions are administered by the departments represented 

2 Here we have anticipated a suggestion made by the Presi- 
dent’s Scientific Research Board (vol. 4, p. 134, Oct. 11, 1947, 
Manpower for Research) which states that the master’s examina- 
tion is almost ‘‘an ideal screening device for the doctoral candi- 
date, incidentally in most cases enhancing its value as a terminal 
degree if circumstances should so indicate.” 
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by the minor which, for our students, have been most 
frequently the departments of physics, bacteriology, 
chemical engineering, or biochemistry. All the above 
examinations must be satisfactorily completed at least 
nine months before the degree is awarded. 

A final oral examination is required which is primarily 
an exposition of the student’s thesis work. 


RESEARCH 


With the large influx of undergraduate and graduate 
students, teaching loads are still heavy,-and under these 
conditions little time is provided for research on the 
regular university schedule. As a result, research is 
carried on by staff members largely through the direc- 
tion of the work of thesis students. Even here little 
provision is allowed on the teaching schedule for this 
important part of university life. 

The considerable increase in number of graduate 
students, however, and the requirement of the comple- 
tion of a satisfactory thesis by all candidates for the 
master’s and doctor’s degrees have made increasing 
demands on the time of most of the staff members in 
directing research. In addition, research fellowships 
and projects financed from outside sources have multi- 
plied greatly in recent years. In fact, the number of 
such projects available is greater than the capacity of 
staff and space to handle them. 

Fellowships currently in effect from these sources 
are sponsored by the American Chemical Society, the 
Upjohn Company, the U. S. Public Health Service, the 
Stanolind Oil and Gas Company, the Research Corpora- 
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tion of America, and the 
Spencer Chemical Com- 
pany. In addition, there 
are Cady Fellowships provi- 
ded by friends of the late 
Dr. H. P. Cady, fellowships 
provided by the University 
itself, and a number of -proj- 
ects sponsored by U. §. 
Navy funds. 

We have found it difficult 
to provide suitably qualified 
candidates to undertake all 
such research projects and 
have solved the problem 
only by drawing heavily on 
our graduate assistants, thus 
lowering our reserve of suita- 
bly qualified instructors. As 
holders of fellowships are 
allowed to utilize their in- 
vestigational work in part or 
in whole as thesis material, 
and as such holders have no 
instructional duties, more 
rapid progress is made 
toward the completion of a 
degree than is made by those 
who assist in instruction. It 
is our hope that fellowships may in the future be offered 
as rewards for top performance among graduate students 
and instructors who have completed their preliminary 
doctor’s examinations. This choice of candidates would 
automatically insure the best quality and quantity of 
investigational work. It happens too frequently that 
students awarded these fellowships must take important 
time away from research projects in order to prepare 
for examinations. To safeguard the sponsors of such 
fellowships in securing a reasonable expenditure of time 
by the fellowship holder on the project the staff has set 
up minimum time requirements for various classes of 
fellows. Graduate students employed on Navy proj- 
ects are required to spend at least 30 hours each week 
on the project; for most fellowships, however, the 
minimum time required each week is 20 hours. This 
difference is based on the difference in stipend. Ap- 
pointees to Navy projects are paid $150 a month but 
most fellowships pay $100 a month. We have found 
that students generally spend far more than the mini- 
mum time on the subject under investigation. 

As might be expected, considering the varied training 
and interests of the senior staff, problems under study at 
Kansas show great variety in subject matter. Included 
among the problems under investigation, a number un- 
der joint direction of several members of the staff, are 
such subjects as: 


The preparation and properties of oxides of the alkali metals. 
Tracer techniques in analytical chemistry. 
Synthesis of organic medicinals. 





SEPTEMBER, 1948 


Physical properties of salts of organic acids in aqueous solution. 

Studies of ternary systems involving water, an electrolyte and 
a nonelectrolyte. 

Solubilities of salts in nonaqueous systems. 

Chlorination of hydrocarbons. 

Ion exchange on synthetic resins. 

The chemistry of ruthenium. 


Anodic oxidation of metals in nonaqueous solutions. 

Physical and thermodynamic properties of substances at high 
temperatures. 

Mechanisms of organic reactions. 

Constitution of complex ions. 

Surface equilibrium in solutions. 

Kinetics of oxidation of metals in liquid ammonia. 


PREPARATION OF ACYL CHLORIDES WITH THIONYL CHLORIDE 


A survey of organic chemistry laboratory manuals 
shows that thionyl chloride, a common and widely 
used reagent, is not even mentioned as a halogenating 
agent in most of them. One manual (4) discusses the 
purification of thionyl chloride and its use in preparing 
benzoyl chloride from benzoic acid. A second book 
(5) merely states “In recent years thionyl chloride 
has also been brought into use. ..; it has the advantage 
that its decomposition products are gaseous and hence 
do not interfere with the working up of the reaction 
mixture.” Most of the other manuals make no 
mention whatsoever of thionyl chloride. 

Numerous laboratory experiments involving the 
use of phosphorus halides can be found in the litera- 
ture, but only two papers (1, 7) were found which deal 
with the use of thionyl chloride. A comparison of the 
following equations, however, points out the advantage 
of thionyl chloride as a halogenation agent. 

R—COOH + PCl, -» R—COCIl + HCl (g) + POCI; 

R—COOH + SOClk -> R—COCI + HCl (g) + SO: (g) 

A simple, efficient, and successful experiment using 
thionyl chloride has resulted from one of our research 
projects (6) carried out a few years ago. Our need for 
some o-toluyl chloride led us to prepare it from o- 
toluic acid and thionyl chloride. , 


EE ols 
+ SOC]. —> + SO. + HCl 
\cooH \cocl 


The following directions for this experiment have 
been very carefully checked and with a reasonable 
amount of care the students will find them highly satis- 
factory. : 

Experimental. In a 250-ml. distilling flask fitted 
with a separatory funnel is placed 20 grams (0.147 
mole) of o-toluic acid. The side-arm of this flask is 
attached to a long downward condenser, which in turn 
is connected by means of an adapter to a 500-ml. 
filter flask. A calcium chloride drying tube is joined 
by a short piece of rubber tubing to the tubulature of 
the filter flask. While the flask containing the acid is 
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heated on a water bath which is kept at 60-65°, a 20- 
ml. (32.75 grams, 0.275 mole) portion of freshly dis- 
tilled thionyl chloride is gradually added from the 
separatory funnel. 

The temperature of the water bath is maintained at 
60 to 65° for 2 to 3 hours until the vigorous evolution of 
gas has nearly ceased. -As soon as the reaction has been 
completed, the separatory funnel is replaced by a 
thermometer and the excess thionyl chloride is carefully 
recovered by distillation. The acyl chloride is next 
distilled over at 208-209° and collected, rejecting the 
first few drops. About 2 ml. of a dark brown liquid 
remains in the flask. A yield of 20.7 grams (91 per 
cent of the theoretical quantity) of clear, water-white, 
o-toluyl chloride boiling at 212° (cor.) is obtained. 

Discussion. The excess thionyl chloride which is 
reclaimed upon distillation may be used again in sub- 
sequent preparations: Because of the great difference 
between the boiling points of thionyl chloride and o- 
toluyl chloride a complete separation is possible. 
However, to insure the purity of the product it is 
advisable to discard the first few drops which distill 
over. 

For the more advanced students the preparation of 
o-toluic acid from o-toluidine supplies additional labora- 
tory experience in organic synthesis. 


oi Oks 
(2) (3) 
oe > 
\NH; CN 
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Symposium on Lecture Demonstrations’ 





@ SEQUESTRATION, DISPERSION, AND DILATANCY | 
—LECTURE DEMONSTRATIONS 





Three simple lecture experiments are described to 
demonstrate the phenomena of sequestration, disper- 
sion, and dilatancy, which employ a complex sodium 
phosphate glass represented by the commercial prod- 
uct, Calgon. The terms, sequestration, dispersion, and 
dilatancy, are defined and industrial applications 
of the first two have been cited. No industrial appli- 
cation of dilatancy is known to the author. 











Uusr azour 100 years ago, in 1849, the German 
chemist Rose (1) made the following statement: “No 
substance offers the chemist greater difficulties than 
phosphoric acid; the more the behavior of the acid is 
studied, the more the difficulties increase. Every new 
investigation presents the chemist with new anomalies, 
whilst the older and already known difficulties are by 
no means cleared up.” This short summary of the 
field of phosphate chemistry is remarkably apt today. 
On the one hand, even larger quantities of phosphates 
are being used, so much so that demands now exceed 
the ability to produce particularly for such types as fer- 
tilizers, detergents and water conditioning agents; each 
year reveals new uses for phosphates; and new forms of 
phosphates are being discovered with astonishing fre- 
quency. On the other hand, chemists in general, what- 
ever their specialties, are becoming more concerned 
about the differentiation between the various forms of 
the phosphates, the properties and structures of these 
forms, analytical procedures for determining their com- 
positions and concentration, and their interferences in 
analytical procedures for other constituents. Indus- 
trial chemists, in addition to exploring new fields of ap- 
plication for both old and new phosphates, are busy in 
applying known properties of available forms for solv- 
ing age-old problems in all the fields that comprise our 
modern civilization. The chemistry of the phosphates 
is undoubtedly still in its infancy with no end in sight. 
In 1833, just 16 years before Rose made his classic 
statement, Thomas Graham (2), British chemist and 





1 Presented before the Division of Chemical Education at the 
113th meeting of the American Chemical Society in Chicago, 
April 19 to 23, 1948. 
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founder of the field of colloid chemistry, discovered a 


new form of phosphate which he called sodium meta- | 
phosphate and which became known as Graham’s Salt. | 
It is a glassy or amorphous form and has the empirical | 


formula NaPO; with a molecular ratio of 1 Na,O:1P.0;. 
It can be made, as Graham made it, from monosodium 
dihydrogen orthophosphate, NaH2PQ,, by heating to 
drive off a molecule of water, then fusing, and finally 
chilling suddenly, as by pouring the melt onto a cool 
metal surface. The clear and colorless glass which 
forms is soluble in water in all proportions to form an 
unbuffered, nearly neutral solution. It is distinguished 
from the pyrophosphate and the orthophosphate forms 
by its ability to precipitate with egg albumin. In 1849, 
Fleitmann (3) concluded, on what must be termed in- 
sufficient evidence, that this material was a “‘hexameta- 
phosphate.” During the next 80 years, this chemical 
was confined to the laboratory with its principal appli- 
cation being the well-known metaphosphate bead test 
developed by Emerson (4) in 1866. Hall and Jackson 
(5) first produced and used the chemical commercially 
in 1929 for boiler water conditioning and Hall (6) an- 
nounced his discovery in 1932 of its property of soften- 
ing water without precipitate formation and without 
the removal of the hardness constituents. This remark- 
able property has led to a large-scale manufacture and a 
widespread use of Graham’s Salt. Also it led to an in- 
tensive study of the composition and properties of this 
“Cinderella of the Phosphates.” 

While much has been learned about its properties, 
comparatively little is known about its structure. It is 
still believed to be complex, in that it contains more 
than one NaPO;-unit per molecule, but it is known not 
to be the hexametaphosphate claimed by Fleitmann 
(3). Probably its structure is that of chains of mole- 
cules, the chains being of various lengths and inter- 
twined, in which respect it is similar to the organic poly- 
mers. Lamm (7) reports molecular weight values for 
this compound ranging from 8400 to 14,900, determined 
from sedimentation studies in the ultracentrifuge. In 
the literature, Graham’s Salt is referred to as a glassy or 
vitreous phosphate, a complex phosphate, a molecularly 
dehydrated phosphate and a polyphosphate, these 
terms serving to distinguish it from the parent ortho- 
phosphate. 

It is the purpose of this paper to present three of the 
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properties of glassy sodium metaphosphate in a manner 
suitable for lecture demonstration. One property, se- 
questration, has found wide commercial application; 
the second, dispersion, is used commercially to a lesser 
but still important extent; and the third, dilatancy, is 
still a laboratory curiosity with no commercial applica- 
tion at present. The commercial sodium phosphate 
glass, Calgon,” employed in these experiments is a modi- 
fied Graham’s Salt characterized by a molar ratio of 
about 1.1 Na,O:1 P.O;. The slight increase in Na,O 
content makes its solution more nearly neutral and im- 
proves its rate of dissolving. It is obvious that these 
experiments can be employed either from the standpoint 
of illustrating the properties of this form of phosphate 
or of illustrating the phenomena of sequestration, dis- 
persion and dilatancy. 


SEQUESTRATION 


The term sequestration as applied to the softening of 
water is of comparatively recent origin (6). The word 
itself means the act of retiring, secluding or withdraw- 
ing into obscurity or the act of taking possession of, by 
confiscating or appropriating. In the chemical sense, 
sequestration is the reduction of the concentration of a 
multivalent positive ion in solution, by combination 
with a negative ion to form a complex negative ion, to 
the extent that the remaining concentration of the 
multivalent positive ion is insufficient to be precipitated 
by a given negative ion with which it has a low solubil- 
ity product constant. The sequestration value is a stoi- 
chiometric ratio or weight relationship expressed as 
the quantity of a sequestering agent required to cap- 
ture a unit quantity of a multivalent positive ion and 
form with it a complex negative ion which is stable 
against precipitation by a given precipitant for the mul- 
tivalent positive ion. The sequestration value for 
calcium differs from the calcium value of Andress and 
Wiist (8, 9), which is expressed as the quantity of a 
sequestering agent required just to dissolve its own 
precipitate formed with a unit quantity of calcium ion. 
Thus, in sequestration, the multivalent positive ion has 
practically disappeared from the solution without being 
evolved as a gas, removed as a precipitate or deposited 
as an element. The atoms are still in solution but the 
chemical characteristics normal to their simple ions are 
gone. 

This phenomenon can best be explained by an ex- 
ample, the best example being the one first discovered 
by Hall (6), namely, the sequestration of calcium ion by 
Graham’s Salt. Hall speculated that this glassy sodium 


metaphosphate might produce a primary ionization as . 


follows: 
(NaPO;)n <= 2Na*t + [Nan_2(POs)n] ~~ (1) 
and possibly a secondary ionization as follows: 
[Nan—2(POs)n] ~~ <= 2Nat* + [Nan_a(PO3)n] ~~ (2) 


The subscript n represents the number of NaPO; units 





2 A product of Calgon, Inc., Pittsburgh, Pennsylvania. 
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comprising the polymeric molecule in solution. With 
calcium ions, the following metatheses or changes of 
partners would be possible: 


Cat+ + [Na,_2(PO3)n] ~~ pas 2Nat + [Nan_,Ca(POs)a] —— 
(3) 
(4) 
By combining equations (1) and (3), the following equa- 
tion results: 


2Ca** + [Nan_2(POs)n] ~~ 2 4Na* + [Nan_¢Ca2(POs)n] ~~ 


Ca++ + (NaPO;), 2. 4Nat* + [Nan-«Ca(POs)n]-- (5) 


By combining equations (1) and (4), the following equa- 
tion results: 


2Cat*+*+ + (NaPOs), pss 6Nat + [Nan -sCa2(PO3)n]~~ (6) 


Equation (5) shows one calcium ion, and equation (6) 
two calcium ions, sequestered by one polymeric sodium 
metaphosphate molecule. How many calcium ions can 
be sequestered by one polymeric sodium metaphos- 
phate molecule is dependent upon the value of n and 
upon the ionization constants of the complex negative 
ions formed. In any event, by an ion exchange, similar 
to the base-exchange reaction of zeolites but occurring 
entirely in solution, each positive calcium ion replaces 
two sodium ions in a complex negative ion. The cal- 
cium ions remaining as such would be the equilibrium 
concentration represented by the reverse of reactions 


(3) and (4). 





Sequest ation of Calcium Ion with Calgon 


Figure 1. 


Beaker A contains water of 10 grains per gallon hardness and soap. 
Beaker B contains the same water and soap but is treated with Calgon 


That this residual calcium ion concentration is ex- 
tremely low can be shown by adding soap which nor- 
mally forms a very insoluble salt with calcium ions, but 
which will not precipitate with calcium when sufficient 
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Graham’s Salt is present. Conversely, the glassy so- 
dium metaphosphate will dissolve precipitated calcium 
soap. Thus the concentration of calcium ions as such 
in a solution sequestered with Graham’s Salt is less than 
that corresponding to the saturation value of the very 
insoluble calcium soap. No calcium has been removed 
from the solution by volatilization, plating out or pre- 
cipitation and a true solution remains; however, cal- 
cium ion is no longer present in more than a minute 
amount, of the order of a few parts per million. This is 
sequestration. 

At the turn of the century, Wilhelm Ostwald in his 
“Principles of Inorganic Chemistry” (10) stated: “No 
‘complex’ ions are known in which calcium forms a 
part; whenever, therefore, calcium is present in aque- 
ous solution, calcion is also present.”’ Today such com- 
plex ions containing calcium are known and a high con- 
centration of calcium can be present in aqueous solu- 
tion with only a vanishingly small concentration of cal- 
cium zon present. 

This sequestration of calcium ion is affected by the 
pH of the solution but it is not primarily a pH effect. 
Thus, calcium carbonate dissolves in acid and not in al- 
kali but it can be dissolved in alkaline solutions by the 
addition of neutral Graham’s Salt. Other bivalent 
metal ions than calcium ion can likewise be sequestered 
to a greater or lesser extent such as Ba++, Sr++, Mgt*, 
Fet++, Co++, and Nit++. Trivalent metal ions, such as 
Fet*++ and Alt+++, are sequestered to a lesser extent 
than are the bivalent metal ions and do not appear to 
be so tightly held in the complex negative ion. 

Certain other materials than the glassy polyphos- 
phates also are capable of sequestration, in general, 
however, to a lesser extent. Of the phosphates, crys- 
talline sodium pyrophosphate, Na,yP2O7 or NazHeP20r, 
crystalline sodium tripolyphosphate NasP30;) and so- 
dium phytate, CsH¢(NazPO,), (also called inositol hexa- 
phosphate) from corn steep liquor, are the more com- 
mon examples. Likewise certain organic compounds 
which contain no phosphorus have been found to exhibit 
sequestration, among which may be mentioned the 
Trilons (11), which have the following formulas: 


/ CH.COONa 
N—CH:COONa NaOOCCH. CH,.COONa 
“N—CHCH:—N 
CH.COONa NaOQOCC Hy: H:COONa 
Trilon A Trilon B 


The sequestration phenomenon is not just a labora- 
tory curiosity but instead has found wide commercial 
application. It is principally employed in softening wa- 
ter which is to be used with soap. All natural water, 
with the possible exception of rain water, contains some 
calcium and magnesium ions and these form quite in- 
soluble precipitates or scums with soap. Before a soap 
can form the lather, which is an attribute of the alkali 
metal soaps, it must first be added in sufficient amount 
to precipitate the calcium and magnesium ions, these 
being the so-called hardness constituents. By the use 
of a sequestering agent, this precipitation can be pre- 
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vented and a lather formed with considerably less soap. 
Hence, sequestration can be employed in laundering, in 
dishwashing, and in every cleaning operation where soap 
and water are used. In fact, sequestration was em- 
ployed in removing the radioactive residues from pigs 
exposed at the Bikini Atoll atomic bomb test (12). 


DEMONSTRATION OF SEQUESTRATION 


To each of two one-liter beakers, A and B, add 500 ml. 
of distilled water and 9.5 ml. of a solution containing 
10 g. anhydrous CaCl, per liter. Each beaker will then 
contain water with a calcium hardness equivalent to 171 


ppm. CaCO; or 10 grains per gallon. To Beaker B, add | 


15.5 ml. of a 5 per cent Calgon solution, which provides 
9 parts of Calgon per part of equivalent CaCO;. To 
each beaker, add a few drops of phenolphthalein indi- 
cator solution and then add sufficient dilute NaOH solu- 
tion just to produce the pink color indicative of a pH 
value above 8.2. Now add 10 ml. of standard soap solu- 
tion to each beaker with vigorous stirring. Observe 
the persistent precipitate of calcium (lime) soap and 
lack of soap suds in untreated Beaker A and the absence 
of precipitate but presence of copious suds formation 
in the Calgon treated Beaker B (Figure 1). The Calgon 
in Beaker B has sequestered the calcium ion, thus 
preventing it from reacting with the soap to form 
insoluble calcium soap and leaving the sodium soap 
free to form its characteristic suds.® 


DISPERSION 


Dispersion signifies the state of suspension of finely 
divided particles in some other substance. A short 
review of elementary principles will serve to introduce 
this experiment. The particles are called the dis- 
persed or comminuted phase and may be solids, liquids, 
or gases. They are composed of more than one mole- 
cule. except in the case of extremely large molecules 
(such as hemoglobin) and are usually in the colloidal 
range of particle size from 10~* to 10-* mm. The 
other substance is termed the dispersion medium and 
also may be a solid, liquid, or gas. Since gases are 
completely miscible with one another, a gas-in-gas 
disperse system would be a misnomer. 
the attenuation or thinning out of the earth’s atmos- 
phere with increasing height from the-surface is very 





3 A slight turbidity will form in the Calgon-treated water upon 
standing, which is characteristic of sodium soap in distilled water. 
This turbidity disappears when the water is heated to 120°F., the 
minimum temperature of most washing operations. The ad- 


justment of the alkalinity is necessary to prevent formation of 
* fatty acid from the soap by hydrolysis which occurs in any water [| 
at pH values below about 8.2. If 15.5 ml. of a 5 per cent Calgon | 


solution is subsequently added to Beaker A with stirring, the cal- 
cium soap precipitate will redissolve and suds will be produced 
just asin Beaker B. Instead ofa calcium chloride solution, ordi- 
nary tap water containing both calcium and magnesium hardness 
may be employed for this demonstration. The soap hardness of 
the water is first determined by titration with Standard Soap Solu- 
tion and then Calgon is added in the ratio of 9 parts Calgon per 
part of equivalent CaCO; hardness or 2 ounces of Calgon per 
grain of hardness per 100 gallons of water. This is the ratio nor- 
mally employed in commercial laundering. 
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similar to the concentration gradient in a suspension 


(18). The following dispersions, with typical examples, 
are possible: 
System Example 

Solid in Solid Antimony in Lead 

Solid in Liquid Colloidal Graphite in Water or Oil 

Solid in Gas Smoke in Air 

Liquid in Solid Tron Amalgam 

Liquid in Liquid Oil in Water Emulsion 

Liquid in Gas Cloud—Water in Air 

Gas in Solid Hydrogen in Steel 

Gas in Liquid Whipped Cream 


In colloidal dispersions, the particles do not settle 
appreciably under the influence of gravity but the 
particles of a coarse colloidal dispersion or of a coarse 
suspension do settle slowly. Under ordinary condi- 
tions the particles are prevented from coalescing by 
possessing an electric charge, the origin of which is 
still a matter of controversy. Ina solid-liquid dispersion, 
the charged particles will travel to the anode or to the 
cathode (depending upon the sign of the charge) when 
subjected to a unidirectional electric current. They do 
not conform to Faraday’s Law in that 96,500 coulombs 
of electricity liberate more than one gram-equivalent— 
up to 6 or 8—of the material. When the charge is 
removed, as by the addition of an electrolyte, the par- 
ticles coagulate or flocculate and the sol (7. e. the 
colloidal solution) forms a gel (7. e. the product of 
coagulation). A flocculated system (where the solid 
particles are clustered together) settles fast, leaves a 
clear liquid layer with a sharp dividing line between the 
liquid and the solid phase and the solid phase ultimately 
occupies a relatively large volume. A deflocculated 
system (solid particles geometrically independent and 
unassociated with adjacent particles) settles slowly, 
leaves a cloudy or turbid liquid layer usually with no 
sharp dividing line between the liquid and the solid 
phase and the solid phase ultimately occupies a rela- 
tively small volume. 

Solid-liquid and liquid-liquid dispersions are of great 
industrial importance and particularly those employing 
water as the dispersion medium. The following 
familiar examples of widely used dispersions may be 


7 cited: paints, printing inks, pigments suspensions, 


paper and textile coatings, liquid polishes and denti- 
frices, emulsion cleaners, milk of magnesia, laundry 
starch, glues, mayonnaise, ceramic slips, ore flotation 
media, oil well drilling muds, and insecticidal sprays. 
In water dispersions, Graham’s Salt serves a multiple 
purpose: that of sequestering multivalent ions which 
would otherwise flocculate the dispersion or break 
an emulsion, that of reducing the viscosity of dis- 
persions containing a high total solids content and that 
of retarding settling of dispersions. 

The addition of a calcium salt to many dispersions 
or emulsions produces flocculation or coagulation 
whereby the utility is impaired or lost. For example, 
certain agricultural sprays consist of an oil-in-water 
emulsion with soap as the emulsifying agent. When 
this soap is precipitated, as by the calcium and magne- 
sium salts in hard water, the emulsion ‘“‘breaks’’ or sepa- 
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rates into an oil and a water layer which is disadvan- 
tageous for spraying. A ceramic slip can be made with 
a certain total solids content that will have a satis- 
factory viscosity. By the addition of Graham’s 
Salt, this viscosity can be reduced or else the total 
solids content can be increased materially while main- 
taining the viscosity at the satisfactory level. The 
fluid. properties of oil well drilling muds; composed of 
clays and weighting agents dispersed in water, are con- 
trolled by the application of polyphosphates. The 
dispersion of finely divided metal oxide and salt pig- 
ments, such as kaolin, clay, titanium dioxide, calcium 
carbonate, lithopone, zinc oxide, talc, and barium sul- 
fate, can be improved and the settling rate markedly 
retarded by the use of very small quantities of Graham’s 
Salt, the amount required being dependent upon the 
type of pigment, the pH of the slurry and the solids 
content of the slurry. This action is probably due to 
the strong adsorption of the phosphate on the surface 
of the particles which increases their affinity for water. 


DEMONSTRATION OF DISPERSION 


To each of two one-liter beakers, A and B, add 200 
ml. of distilled water. To Beaker B, add 1.5 g. of 
Calgon and stir until dissolved. To each beaker, 
add 200 g. of titanium dioxide pigment‘, which makes 





of Tit 





Figure 2. Disp 


Dioxide with Calgbn 


Beaker A contains a 50 per cent slurry by weight of commercial TiOs. 
Beaker B contains the same slurry but is treated with Calgon. 


a 50 per cent slurry by weight, and stir until all the 
particles are wetted, noting that the pigment in the 
Calgon-treated Beaker B is more easily wetted than is 
the pigment in the untreated Beaker A. Turn the 
untreated Beaker A upside down and note that the 
slurry is too thick to pour out (Fig. 2). Pour the slurry 
from the Calgon-treated Beaker B into an empty 
liter beaker and note that the slurry is thin and fluid 





4 Titanox A, produced by Titanium Pigment Corporation, New 
York City, is satisfactory. 
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(Figure 2). The titanium dioxide particles have been 
dispersed by the Calgon. If 1.5 g. of Calgon (0.75 per 
cent of the pigment weight) is now added to the un- 
treated Beaker A with stirring, the thick slurry will 
also become thin and fluid. 


DILATANCY 


Dilataney is a property of a system of close packed 
particles in a liquid medium characterized by an in- 
creased resistance to deformation upon rapid applica- 
tion of an external force; the packing can only become 
looser and consequently liquid is sucked in which leaves 
the mass of solid apparently dry and hard. When 
the pressure is released, the whole mass becomes moist 
and fluid again (14). Wet sea sand, when stepped 
upon suddenly, becomes firm, appears dry on the surface 
and resists indentation; when the foot is removed, it 
again appears moist and loses its rigidity. The par- 
ticles in most. naturally dilatant systems are more or 
less spherical and hence interfere less with each other 
than would anisometric (unsymmetrical) particles 
(15). Thixotropy is explained as the formation of a 
mechanical structure or house of cards by the orienta- 
tion of the particles, which structure is readily altered 
by an external force, that is, the viscosity changes with 
increased velocity of motion. Rheopexy is a form of 


Figure 3a. Dilatant Dispersion 


Showing stiffening under tension. This slurry (80 per cent solids by 
weight) contains precipitated CaCO;, Zn(NOs)2, and Calgon. Stirring rod is 
being rapidly withdrawn. Photographed at !/10,00 second light flash. 
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Figure 36. Dilatant Dispersion 


Showing stiffening of liquid stream during pouring. The top beaker is 


held steady. Photographed at !/10,00 second light flash. 


thixotropy in which certain sols solidify as the result of 
a regular gentle motion instead of vigorous shaking. 

A given solid-liquid dispersion can be most simply 
tested for exhibiting these phenomena by being placed 
in a beaker, allowed to stand for about 10 minutes, 
and stirred with a stirring rod. If gentle stirring pro- 
duces a marked increase in fluidity (reduction in plastic 
viscosity) and, after being allowed to stand at rest 
again, the fluidity decreases (increase in viscosity or 
gelation), the system is thixotropic. If upon gentle 
stirring the system sets up or gels and tends to become 
more fluid again when allowed to stand at rest, it is 
rheopectic. If upon rapid stirring the system sets up 
and resists the motion and if the stirring rod penetrates 
easily when inserted slowly but with difficulty when 
inserted rapidly, the system is dilatant. In a so- 
called Newtonian fluid, no change in viscosity would 
occur upon standing or upon being stirred either rapidly 
or slowly. 
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Quite a number of systems exhibiting these phenom- 
ena have been described in the literature, an excellent 
summary of which is contained in Alexander’s Colloid 
Chemistry, Vol. 6. A few typical examples will be 
cited. The mud employed in the rotary drilling of oil 
wells is composed of swelling-type clays and weighting 
agents in water suspension and it is thixotropic. This 
mud is pumped down inside the drill stem, picks up 
the cuttings from the drill bit and returns to the surface 
around the drill stem. When the mud flow stops for 
any reason, the mud gels and holds the cuttings which 
otherwise would settle and bind the drill stem. When 
mud flow is resumed, this gel becomes fluid again. 
Thus thixotropy has an important industrial applica- 
tion. A kaolin with anisometric particles mostly below 
one micron produced a suspension, when mixed with 
1.6 ml. 2 N NaCl per gram kaolin, which had a spon- 
taneous (thixotropic) solidification time of 17 minutes. 
Upon tapping, the solidification time (rheopectic) 
was 30 seconds which could be reduced to 15 seconds by 
irradiation in an ultrasonic field of moderate energy 
(16). Gypsum water paste solidifies normally in 10 
minutes but sets in a few seconds when tapped softly or 
gently rolled between the palms of the hands (rheopexy). 
Venadium pentoxide behaves similarly (1/7). While 
rheopexy is encountered in industrial dispersions, no 
practical utilization of the phenomenon is known to the 
author. 

Dilatancy is also encountered frequently, such as in 
paints, printing inks, and paper coating dispersions, 
but it is disadvantageous in that it hinders desired 
operations with these systems (18). No useful applica- 
tion of dilatancy is known to the author. An inter- 
esting example of intense dilatancy was encountered 
in the author’s laboratory by Messrs. G. W. Smith and 
i. T. Laurin which can be easily arranged for a lecture 
demonstration. 


DEMONSTRATION OF DILATANCY 


To an 800-ml. beaker, add 40 ml. of distilled water, 
10 ml. of 5 per cent Zn(NOs3)2 solution, and 20 ml. of 
5 per cent Calgon solution. Then slowly add approxi- 





Figure 3d. Dilatant Dispersion 


After slurry in Figure 3c has relaxed into liquid, 











Dilatant Dispersion 


Figure 3c. 


Showing brittle fracture of a ball of slurry thrown onto table top at 
moment of impact. Photographed at !/10,00 second light flash 


mately 200 g. of precipitated CaCO; while stirring with 
a stainless steel stirring rod or spatula, stopping the 
addition when the suspension becomes dilatant as 
characterized by the following behavior®. Stir very 
slowly and note fluidity. Then attempt to stir rapidly 
and note strong resistance to motion. Insert the 
stirring rod slowly and note ease of penetration to the 
bottom of the beaker. Then remove it rapidly and 
note seizure and sucking noise .(Figure 3a). Pour 
liquid from a height of about 2 feet into another 800-ml. 
beaker and note wavy or jagged stream indicative of 
stiffening (Figure 3b). Finally, roll a small quantity 
of the liquid into a ball between the palms of the hands 
during which a stiffening action can be felt, and hurl 
the ball hard upon the table top, noting that it shatters 
like a solid and the fragments then collapse into liquid 
(Figure 3c). This stiffening action upon the sudden 
application of force and relaxation upon removing this 
force is dilatancy. 
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& THE USE OF EGG ALBUMIN TO DEMONSTRATE COLLOIDAL 


PHENOMENA! 


Iw 4 consideration of colloidal phenomena it is usually 
desirable to demonstrate certain of the factors which 
contribute to the stability of colloidal particles. The 
charge and solvation of the particles are of particular 
interest. 

Ordinary egg albumin is a colloidally dispersed sys- 
tem in which the albumin particles are negatively 
charged and hydrated. The charge may be reversed by 
addition of acid until the pH of the solution is less than 
the isoelectric pH of the albumin particle. 

The negative charge on the albumin particle is dem- 
onstrated by the precipitate which appears when poly- 
valent cations are added. The positive charge on the 
acidified albumin is demonstrated in a similar manner 
by addition of polyvalent anions. 

The surface hydration as a stabilizing factor may be 
demonstrated by bringing the albumin solution to the 
isoelectric point and noting the rapid appearance of a 
precipitate when the solution is half saturated with am- 
monium sulfate. 

Preparation of Egg Albumin Solution.? Separate the 
white from the yolk of a number of eggs. Then add 
water to the egg whites until the volume of solution is 
about 8 times the original volume of the egg whites. 
The precipitate which appears at this point may be sepa- 
rated by gravity filtration using a coarse paper. The 


1 This material is essentially an adaptation of the laboratory 
experiments described by Bau, Hoprert, AND Taor, ‘“‘Labora- 
tory Manual in Biochemistry,’ Edwards Bros., Ann Arbor, 
Michigan, 1937, p.38; and by Hawk, OsER, AND SUMMERSON’S, 
“‘Practical Physiological Chemistry,” 12th ed., The Blakiston Co., 
New York, pp. 158-9. 

2 Egg albumin solution prepared in this way will have a pH of 


above 8.5-9. 
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egg albumin solution should be covered with a few drops 
of toluene’ and stored in a refrigerator. When stored 
in this manner it may be kept for several weeks. 

Demonstration of Charge. <A series of eight large test 
tubes each containing 50 ml. of the egg albumin solu- 
tion are set up and numbered from 1 to 8. To each of 
the tubes numbered 1, 3, 5, and 7, add 2 ml. of 6 M ace- 
tic acid.* To tubes 1 and 2 add a few ml. of 1% cop- 
per nitrate, to tubes 3 and 4 a few ml. of 1% mercuric 
nitrate, to tubes 5 and 6 a few ml. of 1% potassium 
ferrocyanide and to tubes 7 and 8 a few ml. of 1% so- 
dium tungstate. 

A precipitate appears at once in tubes 2, 4, 5, and 7. 
Tubes 1, 3, 6, and 8 remain clear. 

Demonstration of Surface Hydration. Set up two large 
test tubes each containing 50 ml. of egg albumin solu- 
tion. To tube 1 add 1 ml. of 1 M acetic acid.6 Then 
add 60 ml. of saturated ammonium sulfate solution to 
each tube. The albumin in tube 1 is precipitated at 
once’ while that in tube 2 is essentially unchanged. 





3 The toluene is added to inhibit bacterial action. 

4 The addition of this amount of 6 M acetic acid will bring the 
pH of the solution to about 3.5. The experiment will be satisfac- 
tory with 1 to 5 ml. of the 6 M acid. 

5 The addition of this amount of 1 M acetic acid will bring the 
pH of the solution to about 4.7. The experiment will be satis- 
factory if asomewhat larger amount of acid is added. 

6 This amount of ammonium sulfate will change the pH of the 
albumin solution in tube 2 to about 6.8, still well above the iso- 
electric point. The pH of the solution in tube 1 will not be mark- 
edly changed. 

7 The precipitate appears first as a marked turbidity. On 
standing for some time it becomes flocculent. 

8 On standing for some time a small amount of flocculent pre- 
cipitate will develop in tube 2. 
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Eo LECTURE DEMONSTRATIONS FOR GENERAL 


CHEMISTRY 


I. CHEMICAL EQUILIBRIUM 


Materials. Two glass crystallizing dishes 8 inches 
in diameter and 4 inches deep. One 3-inch casserole, 
one 3'/2-inch casserole, one 4-inch casserole and one 
l-inch casserole. Enough colored water to fill one 
crystallizing dish to within !/2 inch of top. 

Procedure. Place the two crystallizing dishes close 
together on a small table or on the lecture demonstra- 
tion desk. Fill one dish to within '/2 inch of the top 
with the colored water. The lecturer takes the 3-inch 
casserole and stations himself beside the dish containing 
the solution. The lecture assistant takes the 3'/.-inch 
casserole and stations himself beside the empty dish. 
The lecturer explains to the students that the colored 
water and his casserole are to represent the reactants 
A and B in a simple double decomposition reaction. 
The products B and C will be represented by the as- 
sistant’s casserole, which at the moment is kept out of 
sight, and whatever solution accumulates in the second 
dish. The simultaneous movement of liquid from one 
dish to the other, and back, by dipping, will represent 
the two reactions that take place. The students are 
asked to note: 

(a) The change in the amount of liquid that moves 
from left to right and right to left as the reaction pro- 
ceeds. 

(b) The change in the levels of liquid in the two 
dishes as the reaction proceeds. 

(c) That there soon comes a time when the amount 
of liquid moving from left to right equals the amount 
moving from right to left and, by that time, that the 
levels of the liquid in the two dishes have become con- 
stant; a state of equilibrium has then been reached. 

(d) After equilibrium has been reached the reaction 
goes round and round, from left to right and right to 
left with no change in the rates of the two reactions and 
no change in the amounts of liquid in.the two dishes. 

(e) That time is required for the attainment of 
equilibrium. 

(f) That, at equilibrium, the rates of the two re- 
actions are the same but that the amounts of liquid in 
the two dishes are not necessarily the same. 

While the process is going on the lecturer quickly 
substitutes the 4-inch casserole for the 3-inch casserole, 
the dipping operation being continued without inter- 
ruption. The students are asked to note that an in- 
crease in the concentration of one of the reactants, 
symbolized by increasing the size of the casserole, 
causes a sudden speeding up in the rate of the reaction 
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to the right. This results in a change in the water 
levels in the two dishes. A new equilibrium is eventu- 
ally reached. The levels of the liquids in the two dishes 
are again constant, but they are not the same as they 
were at the previous equilibrium. The operator with 
the larger casserole has the lesser amount of liquid; 
what he has gained in casserole he has lost in liquid. 
The equilibrium point has been shifted to the right. 

Again, without interrupting the dipping operations, 
the lecturer substitutes the smallest casserole for the 
4-inch casserole. The dipping continues until a new 
equilibrium has been obtained. The students are asked 
to note that a decrease in concentration of a reactant, 
symbolized by injecting the small casserole, shifts the 
equilibrium point to the left, that the levels of the solu- 
tions in the two dishes are again constant but different 
and that what the lecturer has lost in size of casserole 
he has gained in amount of solution. 

Comments. This experiment enables the student to 
see what, in the ordinary equilibrium reaction, he must 
imagine or visualize. He notes the process by which 
equilibrium is attained. He notes that the rate of one 
reaction starts out at a maximum and gradually de- 
creases to an equilibrium value. He notes that the re- 
verse reaction starts out from zero rate and gradually 
increases to the equilibrium value. He observes that at 
equilibrium, the rates of the two reactions are the same 


but the quantities of reactants and products are not 


necessarily the same. The effect, upon a reaction, 
which has reached a state of equilibrium, of changing 
the concentration of a reactant is shown. 

The experiment is a very simple one and, in the ex- 
perience of the author, very popular and very effective. 


II. THE COMMON ION EFFECT . 


Materials. Two glass cylinders 4 inches in diameter 
and 19 inches tall. Two 150-m]. beakers level full of dry 
precipitated CaCO;. About 35 ml. of reagent quality 
sodium acetate crystals. 400 ml. of 2 N acetic acid. 

Procedure. Place one 150-ml. portion of dry CaCO, 
in each cylinder. Divide the 2 N acetic acid into two 
200-ml. portions; dissolve the sodium acetate crystals 
in one of the 200-ml. portions. Add the two portions of 
acetic acid to the two cylinders at the same time and 
note, first, the rate at which the foam rises in the two 
cylinders and, second, the amount of foam formed in 
each of the two cylinders. 

Comments. The foam rises more rapidly in the 
cylinder to which the pure acetic acid solution is added 
than it does in the cylinder to which the acetic acid- 
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sodium acetate solution is added. However, the total 
amount of foam formed when all reaction has ceased 
(in about 3 minutes) is the same. Since the rate of the 
reaction of an acid with a carbonate is directly propor- 
tional to the concentration of hydrogen ions, it is 
evident from this experiment that the concentration of 
hydrogen ions in 2 N acetic acid has been reduced by the 
presence of sodium acetate. Since the total volume of 
carbon dioxide foam produced in the two cylinders is 
the same, it is evident that, whereas the sodium acetate 
has reduced the concentration of hydrogen ions by 
decreasing the ionization of the acetic acid, it has not 
altered the total amount of available hydrogen. It 
follows, therefore, that the ionization of acetic acid 
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should be represented by an incomplete, equilibrium 
reaction, that the equilibrium point in this incomplete 
reaction can be shifted in the direction of more acetic 
acid molecules and fewer hydrogen ions by the addition 
of acetate ions and that the removal of hydrogen ions 
by reaction with carbonate to produce carbon dioxide 
and water causes this incomplete ionization reaction to 
be made complete. 

The experiment is simple and very easy to follow. 
In addition, it has the advantage over other experi- 
ments of this type, all designed to show that the de- 
creased ionization of a weak acid by addition of a salt 
of that acid does not alter the total amount of available 
hydrogen, in that it takes place in a short time. 


& DEMONSTRATIONS USING A DIVIDED 
PROJECTION CELL 


Tue divided projection cell provides a means of 
demonstration which is unusually effective, particularly 
in the illustration of electrolytic effects and of oxida- 
tion-reduction‘reactions which take place spontaneously. 
Its use with large classes is especially to be recom- 
mended. 

The cell! in question is illustrated in Figure 1. It is 
made from clear optical glass, with plane-parallel walls, 
and with a glass partition extending from the top of the 
cell to within about 5 mm. of the base. A convenient 
size for this type of demonstration has the dimensions 
50 mm. high by 40 mm. wide and 15mm. deep. Placed 
before the condensing lens of the projection lantern a 
clear image may be obtained on the screen. Unless a 
rectifying prism is used the image will be inverted but 
this is not of importance. A few experiments, repre- 
sentative of the many which are suitable, will be briefly 
described. These will fall into two categories: Elec- 
trolyses and oxidation-reduction reactions. 


ELECTROLYSES 


There are two general advantages of using the divided 
cell in such cases. One is that reaction products at one 
electrode are definitely isolated from, those at the other. 
The other is that the student can realize more clearly 
that the reactions at the two electrodes are qualitatively 
independent of each other—though quantitatively de- 





1 These divided projection cells were available prior to the war 
from Fritz Kohler, in Leipzig. The Central Scientific Company, 
of Chicago, is considering their manufacture and invites cor- 
respondence from those interested. 
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pendent as required by Faraday’s law—and that the 
writing of an over-all equation covering the two effects 
has little significance. 

Experiment 1. Prepare a neutral solution of potas- 
sium nitrate containing litmus or a “universal’’ indica- 
tor. Insert platinum wire electrodes? and electrolyze 
with a direct current of suitable magnitude. The evo- 
lution of hydrogen and oxygen is observed and the indi- 
eator turns to the acidic color in the anode half of the 
cell and to the alkaline color in the cathode part. The 
reactions are: 





Anode: 
8H.0 = 4H;0* + 40H- 
40H- — O, + 2H:20 + 4e 
6H.O — 4H;0+ of O. t + 4e 


Cathode: 


4H,O = 2H;0* + 20H- 
2H,0+ + 2e >H, + +2H,0 
2H:0 + 2e—> He t +20H- 





Experiment 2. Put into the cell a solution of ferric 
chloride containing a few drops of potassium ferricya- 
nide; this solution should show no green-blue color. To 
remove any ferrous ion that may be present initially a 
drop of dilute bromine solution may be added to the 
ferric chloride solution. Insert platinum wire elec- 





2 Convenient electrodes, utilizable in all of the experiments 
described in this paper, may be made by fusing a 20-mm. length 
of No. 22 platinum wire into a 6-mm. glass tube, putting a little 
mercury into the tube, and inserting a copper wire to make con- 
tact with external connections. 
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Around the cathode the green- 
blue color of ferrous ferricyanide appears, showing that 
the ferric is being reduced: 


trodes and electrolyze. 


Fettt + le— Fett 


3Fet+t+ + 2Fe(CN)s~-~ — Fes(Fe(CN)sl2 


The reverse change at the anode may be shown by 
electrolyzing a solution of ferrous ammonium sulfate 
containing a few drops of potassium thiocyanate solution. 
The appearance of the deep red ferric thiocyanate 
complexion indicates that the ferrrous is being oxidized 
to ferric. 

Experiment 3. Put sufficient clean mercury into the 
cell to seal the gap (Figure 1). Into the anode part put 
sodium chloride solution and into the cathode part put 
distilled water containing phenolphthalein. Use a 
platinum wire as anode but on the cathode side put the 
platinum wire down into the mercury so that the mer- 
cury, becomes the cathode. Upon electrolysis, chlorine 
is evolved at the anode. At the cathode the sodium ion 
discharges, the sodium so formed dissolving in the mer- 
cury, forming sodium amalgam. This latter diffuses 
though the mercury comes in contact with the water in 
the cathode part of the cell and reacts, liberating hydro- 
gen from the mercury surface an dforming, in effect, so- 
dium hydroxide solution, as shown by the red color of 
the phenolphthalein. The cathode changes may be 
written: 

Nat + 1le+2Hg—~Na<zHg . 
(Sodium Amalgam) 


2Na-zHg + 2H.0 — H2 t +2Nat + 20H- + 2rHg 


This electrolysis illustrates the Castner progess for the 
manufacture of sodium hydroxide. 

When ammonium chloride is similarly electrolyzed 
essentially the same observations are made although 
it is preferable to substitute another indicator, e. g., 
methyl purple, for the less sensitive phenolphthalein. 
The very interesting product, ammonium amalgam, is 
obtained which may swell and threaten a short circuit. 
As is well known, ammonium amalgam is not stable and 
decomposes thus: 


2NH,-zHg — Hz t + 2NH; ¢ + 2¢Hg 
OXIDATION-REDUCTION REACTIONS 


Galvanic cells of various types may be constructed 
using this projection cell. The gap beneath the par- 
tition is sealed by means of a 1.5 per cent agar gel con- 
taining about 4 per cent of sodium sulfate or some other 
suitable electrolyte. This conducts electrolytically 
just as an aqueous solution does and functions as a salt 
bridge. The solution and metallic conductor compos- 
ing one electrode are put in one side of the cell and some 
other electrode similarly set up in the other. The 
electromotive force may be shown to the class on a large 
scale voltmeter. ; 

The same arrangement may be used with only a slight 
modification to illustrate a different, although closely 
related property. If a microammeter or a lecture- 
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The Divided Projection 
Cell 


Figure 1. 


table galvanometer of low sensitivity is substituted for 
the voltmeter in the circuit the deflection of the pointer 
indicates the passage of electrons from one electrode to 
the other through the external circuit. The galvanic cell 
is now operating in closed circuit, oxidation occurring 
at one electrode and reduction at the other. But of 
greater interest in the teaching of inorganic chemistry is 
the fact that we have here a means of illustrating the 
actual mechanism in an oxidation-reduction reaction. In 
many cases it is possible to observe not only the evi- 
dence of the passage of electrons but also the chemical 
action in each part of the cell. The student is brought 
to realize clearly that the step-equations used so widely 
in representing oxidation-reduction reactions—the oxi- 
dation step and the reduction step, respectively—are not 
merely a device for obtaining a balanced over-all equa- 
tion but represent actual reactions which may take 
place separately and without putting the oxidizing 
agent and the reducing agent into intimate contact. 

Experiment 4. The gap beneath the partition is 
sealed with salted agar gel. In one compartment put a 
solution of silver nitrate with a platinum wire electrode 
inserted init. On the other side put a piece of zinc wire 
or sheet dipping into a solution of zinc sulfate. A gal- 
vanometer in the circuit indicates the passage of elec- 
trons; a descending current of solution from the zinc 
electrode shows that zinc is going into solution; crystals 
of silver are observed growing on the other electrode. 
For these effects we write the equations: 


Zn — Zn*+ + 2e (1) 


2e + 2Agt — 2Ag 2 
Zn + 2Ag*—> Zn** + 2Ag} (2) 





Experiment 5. The gap is sealed with salted agar gel. 
In one compartment. put potassium iodide solution and 
in the other, potassium dichromate solution. Insert 
platinum wire electrodes in the two solutions and connect 
through the galvanometer. No deflection is observed 
and no effect in either solution. Now add dilute sul- 
furic acid to the dichromate solution: The brown color 
of iodine immediately begins to appear along the wire 
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in the iodide solution; the solution near the wire in the 
other compartment begins to turn brown; the galvan- 
ometer needle is deflected. Thus, we have: 


2I- + I; + 2e (1) 
6e + Cr.0;,-— + 14H;0* — 2Cr+++ + 21H20 (2) 


In order to obtain the over-all equation it is necessary 
to multiply the first equation through by 3 so as to 
equalize the number of electrons gained by the dichro- 
mate ion and lost by the iodide. Thus we have 


6I- + Cr,0;-- + 14H;0+ — 2Crtt+ + 31, + 21H,0 


Experiment 6. The reaction between ferrous ion and 
permanganate ion in dilute sulfuric acid solution is one 
of the best for demonstration purposes. Freshly made 
ferrous ammonium sulfate solution to which has been 
added a little potassium thiocyanate solution is put in 
one compartment and potassium permanganate solu- 
tion in the other. Platinum wire electrodes are in- 
serted in both. The galvanometer pointer is slightly 
deflected but the deflection becomes markedly greater 
when dilute sulfuric acid is added to the permanganate 
solution. The characteristic red color of the ferric thio- 
cyanate complex ion appears around the electrode in the 
ferrous solution showing that oxidation to ferric is tak- 


ing place. Here we have 
Fett — Fet*+t + le (1) 
Fet++ + 6SCN- — Fe(SCN).——~ 
(red) 
5e + MnO,- + 8H;0+ — Mn++ + 12H,0 (2) 


By multiplying the first equation through by 5, adding, 
and striking out what occurs on both sides, we obtain 
the over-all equation: 


5Fet++ + MnO,- + 8H;0+— 5Fett++ + Mntt + 12H20 


Experiment 7. A demonstration of particular inter- 
est because it offers support of a plausible explanation of 
the mechanism involved is the reaction between potas- 
sium permanganate and hydrogen peroxide, in which 
the hydrogen peroxide is oxidized to water and oxygen. 
It is one of those demonstrations that will give satisfac- 
tory results only if the preparations are carefully made 
and a rehearsal run under the conditions set up. The 
demonstration is “temperamental” because of the in- 
stability of hydrogen peroxide and the catalysis of its 
decomposition by so many different things—including 
the colloidal agar in the gel. 

In one compartment put potassium permanganate 
solution; in the other put a solution of hydrogen per- 
oxide in dilute sodium sulfate, to render it conducting, 
floated on a layer of concentrated sodium sulfate solu- 
tion, which in turn makes contact with the salted agar 
gel bridge. Platinum wire electrodes are used. On 
closing the circuit the galvanometer needle is slightly 
deflected; on adding sulfuric acid to the permanganate 
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the deflection increases; on adding a very little sulfuric 
acid to the peroxide solution the deflection decreases; 
on adding excess sodium hydroxide to the peroxide 
solution the deflection greatly increases and simultane- 
ously, as is to be expected, the evolution of oxygen on 
the wire electrode becomes copious. Also it could be 
noted that the hydrogen peroxide solution, slightly 
acidic at first, becomes more strongly so as the reaction 
proceeds. 

The experimental observations are in accord with the 
mechanisms indicated by the following equations: 


H.0. + H.O = HO.- + H;0+ (a) 
HO.- + H:0 = 0.-- + H;0+ (b) 
O.-- => O2 t + 2e (c) 


These lead to the over-all oxidation step in the reaction: 
H.0, + 2H:,0 > Oz t + 2H;0+ + 2e (1) 


The reduction step is: 
5e + MnO. + 8H;0+ + Mn*+ + 12H.0 (2) 
So that the over-all equation will be: 
5H20, + 2MnO,- + 6H;0*+ — 502 t + 2Mntt + 14H20 


This type of reaction, which may be demonstrated 
using the divided projection cell as described, may also 
be carried out using a tube filled with salted agar gel 
and forming a salt bridge of any desired length. We 
have, for example, in this laboratory, reduced ferric 
chloride solution in one beaker by means of stannous 
chloride solution in another fifteen feet away. Although 
the effect cannot so easily be made visible to a large 
class as by using the divided projection cell it affords 
some justification for the old term “reaction at a dis- 
tance.’ The formation of zine bromide from zine and 
bromine can be effected in this way just as truly as by 
immersing the zinc in bromine solution; in either case 
the products are zinc and bromide ions. 

Students have often carried out experiments using 
the method and have thereby learned something of the 
mechanisms of various reactions. Theory has been 
checked by a quantitative comparison of substance 
reduced or oxidized and the change in hydrogen ion 
content. The reaction between cupric ion and iodide 
ion has been examined and it has been shown that acid 
is not essential for the reaction nor does it specifically 
catalyze the reaction as some texts aver; sodium chlo- 
ride or some other electrolyte speeds up the reaction 
just as well and, under the conditions of our experiment, 
probably because it increases the electrolytic conduc- 
tance of the solution. 

In conclusion the writer wishes to acknowledge his 
great indebtedness to the late Dr. Charles W. Moulton, 
of Vassar College, a master demonstrator, who in- 
troduced to him some of the possibilities of this useful 
demonstration technique. 
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a” PORCELAIN ENAMEL: ITS MANUFACTURE 
AND APPLICATION 


T's Paper is an attempt to show the most important 
steps in a manufacturing process. In order to give you 
a clear idea of the process we will actually show you 
some of these different operations. 

What is porcelain enamel? 

Porcelain enamel is a glass coating actually fused to a 
metal base. We will confine our discussion to commer- 
cial practice in which the metal base is either cast iron 
or sheet steel. 

The present day uses of porcelain enamel are on bath- 
tubs, sinks, wash basins, stoves, clothes-washing ma- 
chine tubs, pots and pans, signs, and other objects which 
require a hard, easily cleanable decorative finish on cast 
iron or sheet steel. 

Demonstration Ne. 1. We have here a piece of cast 
iron and a piece of window glass. We place the glass on 
the cast iron. Now we have the cast iron covered with 
the glass. 

This fits our previous definition of porcelain enamel 
except for the fact that the glass must be fused or melted 
on to the cast iron. The analogy of window glass on 
cast iron fails, because we cannot fuse window glass to 
cast iron. 

One reason is that window glass melts at such a high 
temperature that the cast iron begins to soften and it 
droops out of shape. 

Demonstration No. 2. This shows a piece of cast iron 
on which we attempted to fuse some window glass. 
You will note that the cast iron plate is no longer flat, 
but it has sagged in the middle where it was not sup- 
ported by the burning bars. 

You will also note that the glass has largely cracked 
away from the cast iron. This is because cast iron con- 
tracts more on cooling than does window glass. When 
this sample was removed from the furnace at a tempera- 
ture of 1800°F. the glass was soft and completely 
covered the iron. But as they cooled, the iron con- 
tracted more rapidly than the glass, and the glass 
cracked away. This makes an excellent lecture demon- 
stration, but neither the time nor the furnace was avail- 
able for it. 

You will have already answered the next question. 
If we cannot use window glass, what kind can we use? 
We must make a special glass, one that softens at about 
1300°F. and one that expands and contracts with tem- 
perature change at about the same rate as cast iron. 

To make glasses that meet these requirements we are 
forced to use a number of chemical compounds which, 

when melted together, form a glass. é 

You are all aware that window glass can be desig- 
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nated as soda-lime-silica glass. If we use the same type 
of terminology we can say that porcelain enamels are 
alkali-alumina-boro-fluo-silicates (with various other 
elements added, depending on the particular properties 


desired). A typical enamel composition is as follows: 
Feldspar (NaKO, Al.03, 6(SiOs) 30 
Borax (Na4B.07°10H20) 25 
Quartz (SiOz) 20 
Soda Ash (NazCQs) 5 
Sodium Nitrate (NaNO;) 5 
Fluorspar (CaF) 5 
Cryolite (Na;AlF¢) 10 


100 


To illustrate this composition better we show this 
chart which gives the comparative volumes of the in- 
gredients (Demonstration No. 3). 

These ingredients are melted together to form a glass. 
This glass is one example of porcelain enamel. There 
are hundreds of compositions in actual use today, each 
having special properties. 

Your next question might be: is this glass cast or 
molded in the form of a bathtub and then fused to 
the metal base of the tub? The answer is, no! We 
grind this glass very fine and then apply it to the metal. 
To aid in the grinding of the glass, it is fritted; that is, 
the molten glass is poured into water. 

Demonstration No. 4. We have in this furnace a cru- 
cible which contains the raw mix for a low-melting 
enamel. This has been melting while I have been talk- 
ing and should be melted by now. 

We will pour this molten glass into a beaker of water. 
You will notice that the glass shatters into small friable 
particles. This operation is called the fritting opera- 
tion and the product—the fritted porcelain enamel 
glass—is called frit. 

Now that we have actually smelted and fritted some 
porcelain enamel, we must proceed with the application 
of this frit to the metal base. There are two major 
methods of application being used commercially. 

The simpler and older procedure is “dry process 
enameling.”” Most of the enameled cast iron in use 
today was finished inthis manner. Such articles in- 
clude cast iron sinks and bath tubs. 

The next step in dry process enameling is the grinding 
of the frit. This operation is carried out in a ball mill. 
This is an example of a small size mill (Demonstration 
No. 6). 

’ These mills are lined with porcelain and half filled 
with porcelain balls. A charge of dried frit is intro- 
duced. (A normal charge for this size mill is 100 g.) 
The cover is then placed on (actually a porcelain cover 
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is used, but we are using a plastic cover so that you can 
see the operation) and the mill is rotated for a sufficient 
period of time to powder the frit. In this case, rotating 
the mill at 50 r. p. m. for 4 hours would grind the frit to 
a fineness of 85 per cent through a 200-mesh screen. 
This powdered enamel frit is now ready to be used in dry 
processing enameling. 

The cast iron is now prepared for enameling. This 
means that all dirt must be removed from the metal. 
This is usually accomplished by carefully sandblasting 
the object to be enameled. 

The cast iron is then coated (usually by spraying) 
with a thin water “slip” of a clay and glass mixture. 
The object is heated at slightly above the boiling point 
of water until this thin coating is dry. This coating 
(as shown here, Demonstration No. 6) serves mainly to 
prevent the cast iron from oxidizing during the next 
operation. 

The coated iron is now placed in a furnace, and heated 
slowly to a temperature of 1300° to 1400°F. Before 
this lecture started we placed a slip-coated piece of cast 
iron in the furnace. 

Demonstration No.7. You will note that this red-hot 
piece of metal has a matte, or dull coating, due to the 
slip coat we first applied. Now we must work rapidly, 
as we do not want the cast iron piece to become cold. 
We dust some of the powdered frit we previously pre- 
pared on the hot surface. This enamel powder tends to 
melt as it strikes the hot metal and thus forms a glassy 
enameled surface. However, to make certain that all of 
the powdered frit has melted to form a continuous glass 
surface, we put the coated piece back in the furnace to 
be reheated. 

You have now witnessed the complete operation of 
cast iron enameling. This method is actually in use 
today. However, the industrial operations are not 
quite as simple as shown here, due largely to the size and 
weight of the objects being enameled. 

We will now proceed to the ‘‘wet process’? method of 
enameling. Fundamentally, this method differs from 
the “dry process’ method in several ways. 


1. In this case the powdered enamel is applied to the 
metal in the form of a wet slurry. 

2. The metal is always at room temperature when 
the enamel slip is applied. 

3. Wet process enamels are usually applied to sheet 
steel or small cast iron articles. 


The successive steps in the application of wet process 
enamels follow: The frit is first powdered in a ball mill, 
but in this case water is added so that a wet slurry of the 
glass and water is obtained. Also, approximately five 
per cent of a plastic clay is added to aid in the suspen- 
sion of the ground glass in the water. 

Demonstration No. 8. Again referring to this small 
mill, for a normal charge we will use: 


100 grams frit 
5 grams clay 
40 grams water 
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After grinding for two hours, we will have this much 
enamel slip (100 ml.). 

We now return to the preparation of the metal for the 
application of the wet-process enamel. After the metal 
has been formed into the desired shape, it is cleaned by 
placing in a strongly alkaline boiling cleaning solution. 
The cleaned metal is pickled or etched in an acid solution 
(usually 7 per cent sulfuric acid at about 160°F.). This 
is followed by a rinse and a neutralizing solution of some 
dilute alkaline mixture. When the ware has been dried 
it is ready for application of the porcelain enamel slip. 

The cleaned, pickled, and dried steel is then dipped 
into a ground-coat enamel slip. 

Demonstration No. 9. You are probably wondering 
why this enamel slip has a dark blue color. This is be- 
cause the glass contains some cobalt and nickel oxide 
smelted into the glass. These metal oxides give the 
enamel the property of adhering to the steel more tena- 
ciously than if they are omitted. 

After the steel has been completely immersed in the 
ground-coat slip, it is allowed to drain (or is shaken) to 
cause the excess material to flow off. The dipped and 
drained piece is then dried and looks like this (Demon- 
stration No. 10). This metal is now covered by a coat- 
ing of glass separated into millions of minute particles 
and held to the metal by the adhesive qualities of the 
clay which was milled into the enamel slip. You can 
see that this powdered glass is held firmly enough that 
the ware can be handled (Demonstration No. 11). The 
ware is now ready to be fired. This is accomplished in 
much the same way as the cast iron ware is fired, but in 
this case we usually fire at 1500° to 1600°F. Also, a 
much shorter time is required because there is a smaller 
mass of metal to be heated. 

Demonstration No. 12. On removal from the furnace 
the ware is red hot. It cools rather rapidly and when 
cold will look like this. This is a typical example of a 
ground-coated piece of ware. 

However, we all think of porcelain enamel as a gleam- 
ing white finish. This is obtained by applying a second 
coat of a white enamel over the fired and cooled ground 
coat. 

The white enamels are opacified with antimony oxide, 
zirconium oxide, or titanium oxide. These ingredients 
are mixed into the raw batch and are smelted in the glass 
so that they form an integral part of the enamel glass. 
The smelting, fritting, and milling operations are per- 
formed in the same manner as described previously. 

Demonstration No. 13. The milled enamel is either 
dipped or sprayed over the fired ground coat. Dipping 
is used when both sides are to be covered with white, but 
when only one side is to be white the cover-coat enamel 
is applied by spraying, in much the same manner as 
paint is sprayed. 

The white coating is dried by evaporating the water 
from the coating. The dried coating has a matte ap- 
pearance, and can be brushed away from places that are 
not to be covered. One method of doing this is to brush 
through a stencil. 

Demonstration No. 14. This stencil has “A. C. S.” 
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for the American Chemical Society cut through it. We 
brush through it and remove some enamel to form the 
letters “A. C. 8.” in black with a white background. 
After firing, it will look like this (Demonstration No. 15). 
Thus far we have shown you the main operations in the 
preparation and application of porcelain enamel. We 
may be accused of over-simplification in the presenta- 
tion of this story, but if we have been successful in our 
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object, you will: 


1. Know more about porcelain enamel than you did 
before. 

2. Remember more about this demonstration than 
if I had only talked. 

3. Realize that an industrial process can be most 
clearly shown by a laboratory demonstration. 


8 LECTURE DEMONSTRATIONS OF ELECTRO- 
CHEMICAL REACTIONS 


In ruxse lecture demonstrations an effort has been 
made to select as simple reactions as possible, which 
require only easily available apparatus and materials, 
to illustrate the principles of electrochemical voltaic 
and electrolytic cells. 


VOLTAIC CELL 


The combination chemical reaction between zinc and 
iodine has been found useful in illustrating that the 
energy evolved in a given reaction may be in the form 
of heat, electricity, or both, depending upon the con- 
ditions. To illustrate the importance of the arrange- 
ment of the reactants and products with respect to the 
type of energy liberated, this reaction is first carried 
out by allowing the zine and iodine to react in direct 
contact with each other. The extent to which this reac- 
tion evolves heat is illustrated on an air thermometer. 
The reaction is then conducted by arranging the react- 
ants and their product in the form of the following 
voltaic cell: Zn|KI|I2-C. 

The apparatus required is shown in Figure 1. It con- 
sists of a calcium chloride gas drying tower B (Kimble 
No. 19500), 250 mm. in height, which is fitted at its 
lower opening with a one-hole stopper in which is inserted 
a four-foot length of 4-mm. glass tubing C, bent at a right 
angle as near the stopper as possible to produce the 
vertical arm of the air thermometer. The lower com- 
partment of the drying tower is filled with 150 ml. of a 
95 per cent solution of ethanol containing 40 mg. of 
methyl violet. A dilute aqueous solution of potassium 
permanganate may be substituted for the ethanel solu- 
tion, but being more dense will not rise as high in the 
air thermometer. 

The mouth of the drying tower is fitted: with a one- 
hole rubber stopper containing a test tube A (25 XK 200 
mm.) in such a position that the bottom of the test 
tube just clears the surface of the confining: ethanol 
solution. When the test tube is fitted securely in the 
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gas drying tower, the ethanol solution will rise slightly 
in the air thermometer and its height should be noted. 

Two grams of granular zine metal (20-30 mesh) are 
ground intimately with 14 g. of resublimed iodine 
crystals in a mortar and the powdered mixture poured 
into the test tube A. With an Ostwald-Folin pipette 
of 3 ml. capacity (Kimble No.. 37045), exactly 3 ml. of 
water are added to the powdered mixture. A vigorous 
reaction ensues with the evolution of purple clouds of 
sublimed iodine. The heat evolved is sufficiently great 
to cause the ethanol solution in the air thermometer 
to rise to a height of about one meter. 

The above quantities of reactants contain an excess 
of iodine over that theoretically required and are dif- 
ferent from those previously described (1, 2, 3). It 
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was found that less iodine produces a reaction which is 
less spectactular; however, the critical factor appears 
to be the amount of water added. If less than 3 ml. is 
used, the reaction proceeds very slowly with no notice- 
able rise of the ethanol solution unless the mixture is 
stirred. With more than 3 ml., the reaction proceeds 
so vigorously that a greater quantity of iodine is sub- 
limed, thus using more heat as heat of sublimation. 
Also, some additional heat is lost due to the high heat 
capacity of the excess quantity of water added. As a 
consequence of these effects, the amount of heat indi- 
cated on the air thermometer is considerably reduced. 

Zinc dust was substituted for the granular zine and 
was found to produce a reaction evolving about as 
much heat. The zinc dust is less satisfactory, however, 
due to the fact that the reaction begins instantaneously 
upon the addition of the water, whereas with the granu- 
lar zinc there is an induction period of about 10 seconds. 
This time interval enables the demonstrator to remove 
the pipette before the clouds of iodine emit from the 
reactor. 

Figure 2 is an all-glass modification of the reaction 
vessel just described. The calcium chloride gas drying 
tower B has the side arm of 4-mm. glass tubing C at- 
tached as shown. A 10/30 standard-taper glass joint 
is attached to facilitate storage of the apparatus. The 
test tube A is secured td the drying tower B by means 
of a 29/42 standard-taper glass joint. 

The same reaction is used then to produce electricity 
in a small voltaic cell (Figure 3) devised by Professor 
John C. Bailar, Jr., of the University of Illinois. This 
cell is prepared by placing 80 ml. of a 15 per cent solu- 
tion of potassium iodide in a porous cup P (2 inches in 
diameter and 4 inches high) which in turn is placed in a 
400-ml. beaker, B, containing 140 ml. of a 15 per cent 
solution of potassium iodide. Fourteen grams of re- 


sublimed iodine crystals are then added to the solution 
in the porous cup with vigorous stirring. 

A one- by 6-inch solid carbon rod C, obtained from a 
discarded dry cell, is used for the inert electrode in the 
iodine half cell and is stirred into the excess iodine crys- 
tals on the bottom of the cup to insure good contact. 
A piece of sheet zinc ZA (11/2 X 6 X 7/16 in.) is placed 
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in the potassium iodide solution in the beaker and the 
electrodes connected by means of battery clips and 
wire to the contacts on a miniature receptacle LB 
(Cenco No. 84165). An incandescent lamp bulb hay- 
ing a voltage of 1.1 volts is placed in the receptacle and 
immediately lights, thus demonstrating the above reac- 
tion is now producing electricity. The type of lamp 
bulb required for a pen flashlight is most suitable, 
although ordinary 2.2 and 3:8-volt bulbs have also been 
used successfully. 

If the light first obtained is dim or unsteady, it is 
probably because of: (a) incomplete mixing, which may 
be remedied by stirring the carbon electrode into the 
iodine crystals, or (6) resistance afforded by the porous 
cup. It is usually advisable to soak the porous cup in 
the potassium iodide solution in the beaker for at least 
thirty minutes prior to its use. The cell evolves suffi- 
cient energy to keep the lamp bulb lit for about four 
hours. 
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ELECTROLYTIC CELL 


The electrolysis of an aqueous solution of sodium 
chloride containing litmus is an interesting demon- 
stration of an electrolytic cell. The cell described 
herein is essentially the same as that previously de- 
scribed (4) except that it has been modified from 
laboratory size to lecture demonstration size. 

The cell is a U-tube B constructed from 50-mm. glass 
tubing as shown in Figure 4. The height of each arm 
is 50 cm. and the distance between the arms is 100 mm. 
to accommodate a glass hydrometer cylinder (50 mm. 
in diameter and 375 mm. high, Kimble No. 20065). 
Solid earbon electrodes C (*/, inch in diameter and 12 
inches in length) are connected by means of battery 
clips and wire D to a source of 110-volt direct current, 
through a 600-watt lamp bank LB (or a 660-watt 
heating element). 

The electrolyte is prepared by boiling 10 g. of pow- 
dered blue litmus in 3 liters of water for 5 minutes and 
filtering. Three hundred grams of sodium chloride is 
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added to the filtrate with stirring. Upon cooling, the 
solution is acidified dropwise with dilute hydrochloric 
acid with vigorous stirring until the solution is just 
definitely red in color. The electrolyte is then placed 
in the U-tube and in the glass hydrometer cylinder 
which is supported between the arms of the U-tube 
for comparative purposes. 

Within thirty seconds after the circuit is closed the 
litmus solution is bleached sufficiently to be easily ob- 
served. As the electrolysis proceeds the bleaching pro- 
gresses downward in the U-tube, and by the end of the 
demonstration the entire anode compartment is a straw 
yellow color. A piece of moistened potassium iodide- 
starch paper, laid over the open end of the anode arm of 
the U-tube, readily turns dark blue, indicating the evolu- 
tion of chlorine. 

Due to the reduction of water with the attending 
liberation of hydrogen gas and hydroxy] ions, the color 
of the litmus solution around the cathode continuously 
changes from red through violet into blue. The blue 
color is perceptible within three minutes. As the elec- 
trolysis continues the blue color progresses downward in 
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the cathode arm and within ten minutes the entire arm 
is blue. 

Figure 5 depicts a more elaborate electrolytic cell for 
use in this demonstration. The cell is constructed of 
50-mm. glass tubing, the electrode arms B of which 
are 50 cm. in length. The advantage of this cell over 
the one previously described lies in the fact that stop- 
cocks are sealed on the electrode arms, thus enabling 
the demonstrator to collect and identify the chlorine 
and hydrogen discharged at their respective electrodes. 
The electrodes A and C are carbon projector rods 
which are inserted through rubber stoppers. The 
lampbank LB is the same as before. 
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& SOME REACTIONS USING TEST TUBES 


Iv 1s a rather common practice of teachers to use termi- 
nology and ideas that are out of the range of a student’s 
experience, particularly the beginning students. As is 
suggested by the Chinese proverb, ‘‘A picture is worth 
10,000 words, little test-tube demonstrations and ex- 
periments may help to clarify and crystallize new ideas 
in the student’s mind. 

For example, we glibly speak of the solvent ability 
of various solvents and of the variations in solubility of 
different compounds. This does not mean very much 
to the average student as he probably never has had an 
opportunity to observe these facts. A simple demon- 
stration can be given using carbon tetrachloride, water, 
and ether as solvents, which form three distinct layers. 
Then drop a few fine crystals of iodine into the tube. 
Immediately three distinct differences in color are ap- 
parent showing the variation of solubility of iodine in 
these solvents. 

This same fact can be satisfactorily shown by numer- 
ous other solvent and solute systems. One that works 
well is carbon tetrachloride, glycerol, and amyl acetate 
with methyl] red crystals. It takes a longer time, but 
other factors, such as the effect of density and impor- 
tance of mixing, are easily demonstrated. One can 
note the spangled, streamer effect of the methyl red in 
the glycerol layer. If you use carbon disulfide, water, 
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and nitropropane as solvents, with methyl red, another 
relationship is easily demonstrated. The nitropropane 
is soluble in the carbon disulfide, somewhat soluble in 
the water and the water slightly soluble in the nitro- 
propane. 

It is soon shown that the addition of a small amount 
of methyl red produces no color with dry carbon disul- 
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fide, only a slight color with water and noticeably more 
color with nitropropane. However, if the water and 
nitropropane are mixed the color becomes much deeper. 
The same is true with the carbon disulfide and water 
mixture. But if all three are mixed, the carbon disul- 
fide-nitropropane layer has almost all the methyl red. 
This little demonstration shows the additive effect of 


mixed solvents and calls attention to the fact that small ° 


amounts of water may change the solvent characteris- 
tics of a given solvent. 

Most of our students in qualitative analysis have be- 
come familiar with the solubility of lead chloride in hot 
water—actually, about 3.34 g. per 100 ml. in hot water, 
and only 0.673 in cold water. If this solution is allowed 
to cool, some entirely different crystals are seen. This 
is more effectively shown with lead iodide which is less 
soluble, only 0.436 g. in hot water and 0.044 in cold. 
On cooling some 20 to 30 minutes, a beautiful display of 
golden crystals results. 

The use of carbon tetrachloride as a solvent to give a 
color test for the presence of free iodine or bromine is 
common. It also isa good example of selective extrac- 
tion, a process which we frequently speak of, but the 
student has most likely never seen such an operation. 
Just calling it to his attention or using it as a demonstra- 
tion will enable him to visualize this procedure. 

Following the suggestion by Dr. Baker on use of 
scrap and broken glassware, I constructed the con- 
ductivity cell shown in Figure 1. 

We often speak of hydrogenation of some material, 
but only a few students will ever see or realize how 
simple this is unless it is shown them early in their work. 
It is easy to hydrogenate cottonseed or corn oil with 
the apparatus shown in Figure 2. The catalyst, meer 
nickel, will work very well. 


& RATES OF REACTION 


Beernine chemistry ordinarily includes two refer- 
ences to rates of reaction. The external factors such as 
concentration, temperature, catalyst, surface area, and 
intimacy of contact are discussed in terms of the kinetic 
theory, and these concepts are then applied to the dis- 
cussion of equilibrium states and the methods which 
can be used to “shift”’ an equilibrium. Occasionally, a 
reaction may be pointed out as being slow, as are the 
common “‘clock’’ reactions, but seldom is any attempt 
made to study with any system some very common slow 
reactions and to attempt to ascertain the reasons for 
this slowness. This is, perhaps, just as well in most 
cases since the study of reaction kinetics, or rates, in- 
volves a study of the mechanism of reactions, a very 
complicated science. It might be noted in passing that 
probably 90 per cent of the mechanisms suggested in 
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books on beginning chemistry are either wrong by 
actual test, or represent guesses based on no actual 
kinetic experiments. The whole idea of presenting 
equilibrium constants in terms of competitive rates is 
open to attack at this point since. the mechanisms as- 
sumed in deriving the equilibrium constant are almost 
invariably incorrect. A typical example would be the 
equilibrium constant for the reaction of hydrogen with 
oxygen to form gaseous water. This equilibrium con- 
stant may be derived from the usual equation for the 
net reaction assuming a mechanism which supposes 
that the reaction of two hydrogen molecules with one 
oxygen molecule is being opposed by the reaction of two 
water molecules. The fact that the first of these mecha- 
nisms is known to be wrong is never mentioned, and 
the fact that the actual mechanism is extremely compli- 














ore 
and 
per. 
iter 
sul- 


, of 


val] ° 


ris- 


be- 
hot 
ter, 
ved 
‘his 
ess 
Id. 
r of 


ea 
is 
ac- 
the 
on. 
ra- 


on- 


ial, 
Ow 
rk. 
ith 
ey 


li- 














SEPTEMBER, 1948 


cated involving such exotie molecules as OH and HO, 
is generally unknown. 

It is possible to study a few common reactions and to 
make some correlations concerning rates without be- 
coming too involved in a discussion of detailed mecha- 
nisms, but rather with the general principles which differ- 
entiate between slow and fast reactions. The effects of 
concentration, temperature, catalysts, surface area, and 
stirring are so commonly known that we shall omit them 
from discussion and try to choose reactions in which 
they are constant. 

Reaction rate is now interpreted in terms of four 
effects: (1) the number of times the reacting particles 
collide per unit of time determined primarily by con- 
centration and translational speed; (2) the force of each 
collision determined by temperature; (3) the prob- 
ability of a geometric arrangement upon collision which 
favors the reaction; and (4) the probability that this 
favorable geometric agrangement (or activated com- 
plex) will decompose into the reagents again rather than 
continue the reaction. 

The reactions of CO: and SO2 with water may be com- 
pared to illustrate the effect of geometry on rate. COz 
hydrolyzes slowly and SO: hydrolyzes rapidly. In 
terms of molecular geometry these two molecules differ 
primarily in that COs is linear whereas SO; is angular. 
In both cases the hydrolysis products are triangular— 
a plane triangle in carbonic acid and a triangular pyra- 
mid in sulfurous acid. The rearrangement of the 
atomic center in the case of the COsz is a major geomet- 
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ric task requiring both a high-energy collision and a 
favorable geometrical arrangement on collision and 
therefore a slow reaction. 

This may be demonstrated very readily by prepar- 
ing two cylinders of water to which sufficient sodium 
hydroxide has been added to give a deep pink with 
phenolphthalein. When carbon dioxide and sulfur’ 
dioxide are bubbled into the cylinders separately (pref- 
erably from tanks of the compressed gases) the cylin- 
der into which the SO, is bubbled decolorizes almost 
immediately, whereas the decolorization of the other is 
a much slower process. In fact, if the bubbling tube 
is removed after the first decolorization in the carbon 
dioxide cylinder becomes apparent a steady fading of 
the color will be noticed. This, in spite of the fact that 
no additional CO; is being added. Thus, the slow rate 
of reaction, as opposed to solution, of the CO2 with the 
water is made very apparent and may be contrasted 
with the rapid rate of both solution and reaction be- 
tween SQ, and water. 

The great influence of geometry on rate is readily ap- 
parent and the general factors may be summarized. A 
slow rate of reaction may be attributed to (1) the ne- 
cessity of breaking a strong bond or bonds, (2) the ne- 
cessity of considerable atomic rearrangment, (3) the 
necessity of a very particular geometrical arrangement 
if collision is to produce reaction due to the lack of sym- 
metry in a reagent, and (4) charge effects such as the re- 
pulsion of two negative ions or of the similarly charged 
ends of two dipoles. 
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The accompanying illustration shows an electrical 
periodic chart constructed by James R. Irving and Tom 
Smith, Maine Township High School, Des Plaines and 
Park Ridge, Illinois. 

The main panel consists of a self-supporting frame in 
which is mounted a sheet of 25 X 28-inch plexiglas. 
The actual periodic table is painted on this transparent 
material with a translucent paint that glows when il- 
luminated from behind. To accomplish this a plywood 
panel is mgunted in the same frame a few inches behind 
this plexiglas and parallel to it. Individual 6-volt, 
0.5-amp. flashlight bulbs are arranged on the plywood 
in jeweled pilot light assemblies directly in back of each 
chemical symbol and title heading painted on the front. 
Thus, by lighting these small lamps, any corresponding 
element desired may be made visible in the color of the 
light that is lit behind it. A compact remote control 
box serves this main panel with flexible connecting 
cables from a step-down transformer operated on 110 
volts, a. ¢. 








& JONS JAKOB BERZELIUS 


RUDOLF WINDERLICH 

Oldenburg i./O., Germany 

(Translated by J. Michael Moore, Muhlenberg 
College, Allentown, Pennsylvania) 


“Tt is amazing how this man labored and what he accomplished. How many things 
has he not observed and written about that nowadays reappear under the guise of new 
facts and new ideas.”’—Friedrich Wohler to Justus Liebig, Gottingen, June 24, 1839. 


Tue ure work of J. J. Berzelius, the great Swede, is 
of such a far-reaching nature that his fellow-country- 
man, H. G. Sdéderbaum, in Brugge’s ‘Book of Great 
Chemists” discussed only Berzelius’ law of definite pro- 
portions instead of taking up briefly his life and works 
as a whole (1). At the same time, however, Séderbaum 
published a three-volume biography of Berzelius (2), 
which, since it is written in Swedish, is not too readily 
accessible to the average person. In spite of this dif- 
ficulty and in commemoration of Berzelius’ death one 
hundred years ago (Aug. 7, 1848) we shall attempt to 
gather the most important information dealing with 
those principles that still hold true today. 

Joéns Jakob Berzelius was born on March 20, 1779, 
in Vafversunda (East Gotland). His father was a 
schoolteacher in Linképing. He died four years after 
. his son’s birth, and his mother a few years later. Thus 
young Berzelius was forced to earn his living from boy- 
hood. With only one exception his professors at the 
gymnasium poked fun at him and his early interest in 
nature, and upon his graduation they characterized 
him as a person endowed with great natural abilities, 
but also as one whose bad habits rendered all hopes 
doubtful that one might otherwise cherish for his future. 
He studied medicine at the University of Upsala, but 
met there with no advancement. Toilsomely he had to 
make his own way through life. Afzelius, his professor 
of chemistry, permitted his students to use the labora- 
tory only once & week. He was incapable of producing 
oxygen. It was Berzelius, who, to everybody’s surprise 
after secretly conducted experiments, successfully 
demonstrated this art (3). 

During the summer of 1801 the advanced student 
received a temporary appointment as doctor for the 
poor at Medevi, a spa and health resort. Here he ana- 
lyzed the waters of the spring and constructed from 60 
zinc plates and 60 copper coins a voltaic pile to be used 
for healing purposes. These two tasks were to set the 
pattern for all his future research. The problems arising 
from them occupied him during all the rest of his life. 
The water analysis became his disputatio pro exercitio, 
the description of a voltaic pile his disputatio pro gradu 
medico.(4) On the basis of the latter he was awarded his 
doctor’s degree on May 1, 1802. Although both papers 
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owed their origin to pure chance, although they be- 
trayed no correlation or definite plan of work, they de- 
cisively influenced his entire thinking. During his 
whole future life analytical investigations were to be 
his main activity, and the study of electrochemical re- 
actions the basis of his theoretical ideas. 

After Berzelius had settled down in Stockholm as a 
wretchedly paid physician his galvanic studies brought 
him into contact with Vilhelm von Hisinger, a mine 
owner (1766-1852), who offered him several rooms for 
research. Here the two men began the task of “finding 
the laws according to which chemical reactions take 
place in a voltaic pile.” Their common investigations 
were published in 1803 under the title “Experiments 
Dealing With Reactions of the Voltaic Pile on Salts and 


Some of Their Bases” (5). In this paper they enunci-: 


ated ideas and showed results that did not become com- 


mon scientific knowledge until sixteen years later 


through the publications of Humphry Davy (1778- 
1829). Vauquelin (1763-1829), President of the French 


Academy of Sciences, confirmed this fact on addressing: 
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Berzelius in 1819. He said: ‘We consider it our duty 
to inform you that we would have divided the first prize 
awarded by us to Humphry Davy between him and 
both of you, had we learned earlier about your and Mr. 
Hisinger’s work on chemical reactions of the voltaic 
pile” (6). 

In order to improve his distressing financial situation 
he entered upon a road that all men devoted to pure 
science should avoid. He became involved in business 
transactions and soon fell a prey to unscrupulousindivid- 
uals who stripped him of all his money, so ‘that pale 
and emaciated he had to work as a common laborer for 
his daily bread. He wrote in his “Autobiography”: 
‘With a fixed yearly income of only 66 Reichstaler and 
32 Schillings I found myself owing the bank a little more 
than 1000 Reichstaler.... For ten long years I had to 
pay the bank every penny that I could scrape together, 
deducting only the most necessary living expenses” (7). 
But thanks to his rugged constitution he survived all 
hardships. Unperturbed in spite of all calamities and 
with an iron will he remained faithful to science. 
Slowly he climbed to success. In 1806 he was appointed 
lecturer in chemistry at Karlsberg University in Stock- 
holm (at 100 Reichstaler annually), in 1807 he was made 
professor at the Chirurgical School at Riddarholm, and 
on June 15, 1808, he was voted a member of the Acad- 
emy. The first volume of his “Chemistry of Animals”’ 
appeared in 1806. It was, however, in reality a textbook 
on physiological chemistry and chemical physiology. 
Even forty years later, Friedrich Wohler, carried away 
by his admiration of this work, exclaimed: “I am as- 
tounded at the abundance of facts and personal ob- 
servations that the book contains. I am amazed at the 
accomplishments of the man in this field, particularly in 
view of the fact that these lectures were given as early 
as 1803-5” (8). 

The first volume of his famous ‘“Textbook of Chemis- 
try” came out in 1808. His work on this text forced 
Berzelius to study all details most discriminatingly. It 
paved the way for his life-task, 7. e., “the attempt to 
find the definite and simple proportions according to 
which the constituent parts in inorganic matter are 
bound together” (9). Weshould not forget that in spite 
of Lavoisier’s primarily quantitative way of thinking, 
even a man like Berzelius, in logically carrying out the 
ideas of the great Frenchman, highly underestimated 
the value of the quantitative relations made in his own 
time. In preparing the above-mentioned textbook 
Berzelius also came across two works, that of Jeremias 
Benjamin Richter (1762-1807) (10), and that of Karl 
Friedrich Wenzel (1740-93) (11). It appeared to him 
“as clearly as the sun” that Wenzel’s stoichiometric 
values and Richter’s law of neutralization had to be 
natural laws, and he wrote: ‘This fact gave all my fu- 
ture research, 7. e., the study of chemical proportions, 
its direction (12). The experiments that proved his 
theories went far beyond those of all his predecessors. 
Yet he freely gave credit by name to all of them, namely 
to Olof Torbern Bergman (1735-84), J. B. Richter, C. 
F. Wenzel, Joseph Louis Proust (1754-1826). He fully 
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realized that “the scientific progress won by the law of 
definite proportions, as explained below, is only a trifle 
compared to that which will result from future investi- 
gations.”’ He saw that in its consequences it is one of 
the most far-reaching developments yet attained by sci- 
ence (13). 

Next came the determination of atomic weights. 
Berzelius was at first very dubious about Dalton’s 
atomic theory, but after examining it he became one of 
its foremost supporters (14). He published his first 
table of atomic weights in 1814 at Stockholm, and one 
year later it appeared in a German journal (15). When 
he edited it again, augmented and improved (16), it 
listed 46 elements and about 2000 compounds, all of 
which he himself had analyzed. In order to fully ap- 
preciate this accomplishment we should never lose sight 
of the unfavorable conditions under which he worked. 
His laboratory was poorly equipped; chemicals could 
not be purchased, and he was forced, therefore, to pre- 
pare hisown. According to his own statement Berzelius 
repeated many an analysis twenty to thirty times before 
he trusted his own results. 

Quite different were the conditions in England, which 
he visited from June to November in the year 1812. 
He wrote in his “Autobiography”: ‘TI had no inkling of 
the fine equipment they had at their command. The 
methods employed, however, to obtain precise results 
were far inferior to my own” (17). 

During an extensive trip to France, Switzerland, and 
Germany (June, 1818-September, 1819) he not only 
formed friendships with many scholars of his profession 
who exercised a stimulating influence upon him, but he 
was also fortunate enough to obtain instruments and 
chemicals through the generosity of Count Gustav Carl 
Friedrich Léwenhjelm (1771-1856), the Swedish am- 
bassador in Paris. In Berlin he became acquainted with 
young Ejilhard Mitscherlich (1794-1863). He recom- 
mended him to the Prussian Minister Karl von Stein 
zum Altenstein (1770-1840) as successor to Martin 
Heinrich Klaproth (1743-1817), professor of chemistry 
at the University of Berlin. His recommendation was 
based on Mitscherlich’s epoch-making paper, ‘“Con- 
cerning the relation of quantitative composition and 
crystalline form in arsenic salts and phosphates” (18). 
The Prussian minister desired, however, that Mitscher- 
lich first accompany Berzelius to Stockholm as his pu- 
pil. 

The discovery of isomorphism by Mitscherlich and of 
atomic heat by Dulong and Petit (both in 1819) led 
Berzelius to a renewal of his investigations and calcula- 
tions on atomic weights. On publishing a new chart of 
atomic weights in 1826 (19) he changed most of his pre- 
vious numbers. To make them conform to the laws of 
Dulong and Petit, as well as those of Mitscherlich, he 
divided them by two or four, respectively. With his in- 
credible accuracy in finding and applying proper analyti- 
cal methods and with his admirable and delicate 
technique he determined atomic values that deviate but 
very little from those commonly used today (20). Asa 
basis of comparison Berzelius chose oxygen, which he 
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considered the ‘‘cardinal point of chemistry.” He re- 
jected hydrogen as an unsuitable basis, since it combines 
with only a few elements. In addition the low weight 
of hydrogen makes a precise analysis of hydrogen com- 
pounds extremely difficult (21). Lothar Meyer, who 
relied on accurate atomic weights for his periodic sys- 
tem of elements, expressed the following opinion of 
Berzelius: ‘In choosing stoichiometrical quantities to 
be set up as atomic weights he used all the auxiliary 
means at his disposal, such as analogy in chemical be- 
havior, density in a gaseous state, isomorphism, and 
specific heat, to be sure, none of these with absolute con- 
sistency, but with such delicacy of perception that with 
but few exceptions (alkalai metals, silver, boron, silicon, 
and some rare elements) our currently accepted atomic 
weights are essentially still those of Berzelius, even 
though for a considerable time other hypotheses sought 
to supplant that of Berzelius” (22). Proust’s hypothesis 
that atomic weights were integral multiples of the 
atomic weight of hydrogen was rejected by Berzelius, 
primarily on account of an alleged proof that Thomson 
brought forth. ‘The results of his (Thomson’s) experi- 
ments agree with Proust’s hypothesis down to the last 
decimal point. But when one remembers how unreli- 
able Thomson’s results were when he could not calcu- 
late them beforehand, he realizes the value of any proof 
based upon the accuracy with which he carried out his 
experiments” (23). 

To a man like Berzelius, whose natural tendency 
was to think logically, the confusing and unorganized 
mass of facts concerning quantitative relations was 
highly unsatisfactory, just as one would find a pile of 
stones lacking the value of the simplest house. Ber- 
zelius reduced this confusion into a unified electrochemi- 
cal system. Although after his death his system was 
abandoned, owing to its inability in its original form to 
interpret substitutions in organic chemistry, its basic 
ideas lived on. After elimination of all disturbing fea- 
tures and through later knowledge of atomic structure 
his ideas have come to life again in the twentieth cen- 
tury. Berzelius proceeded from the conviction that 
every chemical process was at the same time an elec- 
trical one. Every smallest particle, according to the na- 
ture of the substance involved, was supposed to be either 
positively or negatively charged, although in varying 
degrees. In the forming of compounds these electrical 
charges neutralized each other. Based on this ioniza- 
tion, Berzelius believed that he was able to recognize 
the electrical nature of every single constituent. He 
inferred that whatever became attracted by the: 
negative pole (hydrogen and metals) had to be posi- 
tive (24). In accordance with the varying charges of 
the elements he arranged them in a series which began 
with the absolutely negative oxygen. The series led, 
with the gradual decrease of negative charges and in- 
crease of positive ones, to the metals, of which the al- 
kalies seemed to be the most strongly positive. Every 
member of the tong series, with hydrogen approximately 
in the center, was negative in reference to the preceding 
one and positive in relation to the following one. The 
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oxides of the first half formed strong acids, those of the 
second half bases. Compounds formed by the union of 
oxides of acidic nature with those of basic characteristics 
produced salts. In a similar fashion Berzelius likewise 
grouped other compounds into classes: (1) electro- 
negative (acids), (2) electropositive (bases), and (3) 
neutral. 

Parallel with the development of his electrochemical 
dual system Berzelius also devoted himself to inventing 
a suitable nomenclature. Most of the traditional names 
for chemical substances owed their origin to accident, 
as, for example, sal mirabile Glauberi (sodium sulfate), 
or sal polychrestum Glaseri (potassium sulfate). Many 
of these names apparently united substances that in 
reality had no relation to each other, such as spiritus 
vint (ethyl alcohol), spiritus salis (hydrogen chloride), 
spiritus fumans Libavii (stannic chloride), spzritus cornu 
cervi (ammonium carbonate). As early as 1787 La- 
voisier, together with Guyton de Morveau, Fourcroy, 
and Berthelot proposed a chemical nomenclature that 
suited his antiphlogistic system. Berzelius improved 
the latter and adapted it to his dualistic system (26). 
At the same time he chose new and more appropriately 
modified names for some elements, e. g., Magnesium in- 
stead of magnium or talcium to avoid a confusion with 
manganium (manganese) or calcium; furthermore, 
beryllium instead of glycinium, natrium instead of so- 
dium (retained in English), stibium instead of antimo- 
nium, cerium instead of cercerium, tantalium instead of 
columbium, and wolframium instead of scheelium. 

Since these names in themselves, in spite of their be- 
ing so practical, failed to indicate the quantitative pro- 
portions of their constituent parts without additional 
information about their percentage, Berzelius ingeni- 
ously created a language of signs which was to be quan- 
titative throughout, and which was no longer concerned 
with the old chemical symbols as mere labels. For this 
chemical shorthand he did not choose geometrical 
figures such as had been employed previously, but let- 
ters, to which he assigned a quantitative value (26). 
The choosing of letters dates back perhaps to J. B. Rich- 
ter, who in addition to the symbols used in his day for 
the newly discovered elements (chromium, titanium, 
and tellurium) employed the letters xp, Ti, and Te (27). 
Richter’s letter-symbols were, however, only qualita- 
tive in nature. For Berzelius, on the other hand, the 
quantitative was the prime concern in the expression of 
chemical proportions. He wrote: ‘Permit me to re- 
mark that the purpose of these new symbols is not, as 
with the older ones, to serve as mere labels for bot- 
tles in laboratories. Their sole purpose is to facilitate 
the expression of combining proportions, and without 
undue verbosity to indicate the proportionate number 
of molecules in any given compound. In determining 
molecular weights these formulas will enable us to ex- 
press summary results of any analysis that are as sim- 
ple and easy to remember as the algebraic formulas 
used in mechanics. “A chemical symbol always stands 
for one volume (7. e., molecule according to Richter, and 
atom according to Dalton) of a substance. If it is nec- 
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essary to indicate more than one volume (7. e., mole- 
cule), the respective number of molecules involved is 
added” (28). No brain could possibly retain the per- 
centage compositions of a large number of compounds, 
whereas it is comparatively easy to commit to memory 
the few atomic weights and the most important formu- 
las. We are then at all times in a position to calculate 
percentage compositions. The style of writing is in 
accord with our present changed views and increased 
demands for clarity and precision of meaning, but the 
essence of the symbolical expression has remained as 
it came from the hand of Berzelius. 

Berzelius performed a similar service for mineralogy 
as he had for chemistry. His system, making a science 
which defines out of one which merely describes, re- 
placed the earlier systems of Hany, Werner, Karsten, 
and Hausmann. In 1811 Gehlen was hoping for a re- 
form that only a chemical system could accomplish. 
He says: “But I did not realize that this reform was so 
near, that Berzelius, through his investigations, had al- 
ready brought it about’? (29). In Sweden, a country 
rich in iron ore, chemico-mineralogical studies had al- 
ways evoked great interest, particularly since Karl XI 
had founded a technical laboratory (1686), entrusting 
it with the task of examining minerals, ores, and various 
soils. Berzelius’ studies in this field received a new im- 
petus through the present of William MacMichael, an 
English physician, who gave Berzelius a valuable col- 
lection of minerals in return for practical instruction in 
chemistry. Abraham Gottlob Werner’s (1749-1817) 
(30) classification of minerals according to external 
characteristics did not satisfy Berzelius’ critical mind. 
Such an arrangement sufficed perhaps for a layman col- 


' lecting minerals as a hobby. But orderly scientific 


thinking looked for the inner reasons for their homoge- 
neity, and these could lie only in their chemical composi- 
tion. Just as, since the most ancient times, the miner 
and the metallurgist were mainly interested in the metal 
extracted from the ore, so Berzelius, with his keen pene- 
tration, clearly recognized that the substance itself was 
the decisive factor in all minerals, and that the same 
laws were valid in both the mineral kingdom and in 
chemistry. His “attempt to found a purely scientific 
system in mineralogy by applying the electrochemical 
theory and the laws of chemical proportions” (31) will 
remain a memorable intellectual feat for all times. At 
first Berzelius arranged his classification according to 
electropositive constituents, 7. e., metals, since these 
are the most characteristic and basic substances of min- 
ing. After Mitscherlich had proved isomorphous sub- 
stitution in minerals, 7. e., substitution of one chemical 
component in a mineral by another without affecting 
its manner of crystallization, and when it became more 
and more apparent that such substitutions rarely af- 
fected the acid radical but frequently the metal, Ber- 
zelius changed his system of classification according to 
electronegative constituents, as is still the case today 
(32). 

Berzelius’ mineralogical investigations led him to a 
study of the outer space. He examined meteorites (33) 
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and logically concluded that they could not be of earthly 
origin, and that they gave us a hint of the chemical 
composition of other heavenly bodies (34). 

For his analysis of minerals Berzelius employed the 
blowpipe, the use of which he learned from Johann 
Gottlieb Gahn (1745-1818). In the handling of it Ber- 
zelius became a veritable master. Through both his 
writings and his lectures he made the blowpipe an indis- 
pensable tool (35). During one of his repeated trips to 
Germany he also instructed Goethe (in Eger, 1822) in its 
use, to the great delight of the latter (36). 

During the course of his many analyses Berzelius dis- 
covered selenium in the chamber sludge at the sulfuric 
acid plant in Gripsholm (37), and after wearisome and 
difficult experiments also thorium (38). In addition 
Berzelius was the first to succeed in preparing the fol- 
lowing elements that had already been known but not 
yet isolated: silicon, titanium, tantalium, and zirco- 
nium. On publishing his results Berzelius categorically 
emphasized the fact that silicon is+acid-forming and 
that it gives rise to many silicic acids. 

Through his gift for creating a concise framework in 
the form of new and fruitful chemical conceptions for 
apparently divergent and contradictory ideas, he served 
the progress of science in a manner that can hardly be 
sufficiently appreciated—all this quite apart from the 
astonishing number of experiments he conducted. Thus 
he related his discovery of “racemic acid having not 
only the same atomic weight but also the same percent- 
age and atomic composition as tartaric acid” (39) to 
his previous findings of two isomorphous stannic acids. 
Furthermore he brought these into relationship with 
the results of Liebig and Woéhler who had found the 
same values for silver fulminate and silver cyanate. In 
addition, he related this discovery to that of Faraday 
that ethylene and butylene have the same percentage 
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composition but a different vapor density, and finally 
to Wohler’s conversion of ammonium cyanate into urea. 
For these facts, up till then isolated, he coined the col- 
lective term “isomorphism.” He later differentiated 
between genuine isomorphism, or metamerism, and 
polymerism as follows: ‘Substances are isomorphous 
when they possess different properties although their 
chemical composition and molecular weight are alike,” 
whereby it is assumed “that an equal number of the 
same elements are joined in a different manner,” while 
in the case of polymerism the substances “have differ- 
ent molecular weights, mostly multiples of each other, 
but the same percentage composition” (40). 

During the course of his research on tartaric and race- 
mic acids Berzelius also paved the way for the term 
“allotropy” by posing the following question: “Is 
there also for elements a similar isomorphous condition 
as for compounds?” As examples he cited ‘the allo- 
tropic modification of carbon in diamonds and graphite 
and the modifications of platinum that, when obtained 
in the ‘wet’ process through the reduction of platinum 
salts by means of alcohol, differ from those resulting 
from bringing ammonium chloroplatinate to a glow” 
(41). Soon he became convinced of the necessity of a 
name for this phenomenon, and he chose for it the word 
“allotropy” (42). He also mentioned incidentally that 
red phosphorus, at that time considered a lower oxide, 
was nothing but an allotropic modification of yellow 
phosphorus. He wrote: ‘‘Phosphorus has several modi- 
fications of which the following are characteristic: (1) 
phosphorus in its usual form .. ., (2) a red modification 
which is produced by the action of the sun, even in the 
vacuum of a barometer. Red phosphorus does not com- 
bine with oxygen, and returns to its original form upon 
distillation” (43). 

Mitscherlich’s paper, ‘On the Formation of Ether” 
(44), led Berzelius to the idea of “catalysis” (46). He 
included in his conception of catalysis substances which 
initiate chemical reactions, regulating their speed as 
well as their course of action, without themselves being 
noticeably used up. His prophetic eye recognized the 
value and necessity of studying such catalysts and led 
him to the assumption “that thousands of catalytic 
processes take place between tissues and fluids in living 
plants and animals.” During his lifetime ‘catalysis’ 
was bitterly attacked, but in the twentieth century the 
term became immeasurably fruitful in both the tech- 
nological and biological fields (46). 

Through his teachings and his keenly critical judg- 
ments Berzelius, the fluent writer, has greatly furthered 
the progress not only of chemistry, but also of other sci- 
ences. His textbooks are models of crystal-like clarity 
and easy comprehension. They conform to the princi- 
ple: “He who writes a scientific paper should spare 
himself no effort to be as clear and intelligible as pos- 
sible for the sake of those who are to read and under- 
stand it” (47). In his Annual Reports he presented with 
enviable clearsightedness and an incorruptible love of 
truth the vital and promising ideas that he detected in 
all the luxuriant, widespreading outgrowths of a newly 
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developing science. He formulated his ideas so clearly 
that every intelligent person could grasp them. 

His life was work. In the words of the psalmist as 
well as his own it was “‘a precious one.’”’ Social inter- 
course had no attraction to him, who said: ‘Without 
hard work I should soon have found myself completely 
isolated, since most of my friends had scattered in all 
directions. Besides, I now feel more than ever before 
that an active scholar should never count on being or 
becoming a person who either gives or finds pleasure in 
social entertainment” (48). His motto on the medal 
issued by the Congress of Natural Scientists in Berlin 
(1828) reads as follows: Pondera et Numeros, whereby 
investigavit should be added. 

Berzelius died in the early morning hours of August 
7, 1848, after a long illness under which he had suffered 
during the last years of his life. While his body was re- 
turned to the earth from which it came, his spirit will 
always remain alive and be active as long as mankind is 
engaged in the pursuit of chemical science. 
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THERE ARE three ways of teaching chemistry, or 
any other science: forwards, backwards, and “‘heuris- 
tically.” It appears that only the latter two, the back- 
ward and the heuristic methods, are consciously recog- 
nized, although the forward method is not infrequently 
practiced, in ‘conjunction with the others. 

The backward method is probably the most popular 
at the present moment. As practiced at Duquesne 
University, it is described thus (4): “‘We start with the 
structure of the nucleus, of atoms, molecules, ions, and 
go on from there. Much of the traditional descriptive 
material—properties of specific elements, specific com- 
pounds, industrial processes—must of necessity be ig- 
nored or, at best, covered hastily, to give time for a more 
comprehensive presentation of the major concepts of 
chemistry, the nature of chemical bonds, the kinetic 
basis of chemical reactions (collision theory, activation 
energy, the effect of size and shape of molecules, the 
statistical nature of reaction, etc.).”’ Such a method 
can be described as ‘‘backward”’ because it reverses the 
true scientific order, which is from facts to theories, and 
makes a presentation from theories to facts. 

A recent textbook (6) which has adopted the theories- 
to-facts method explains, in the preface, that “‘. . . no 
attempt has been made to follow the meandering course 
of chemical history save in the cases in which historical 
development is necessary.”” Another writer (8) sees 
the contrast thus: “A carefully simplified wave-me- 
chanical approach to atomic structure, the Periodic Sys- 
tem, and chemical change, etc., can be presented as 
marvelously inspiring evidence of a penetrating—al- 
most religious—cosmic unity. This ‘moral lift’ is 
quickly sensed by the young student, who may be 
meeting the discipline of scientific thinking for the first 
time in his life. In contrast, very poor teaching psy- 
chology is employed in the historical or empirical 
‘atomic weight’ approach to the Periodic System, with 
its errors, defects, and exceptions; and in the elabora- 
tion of an obsolete ‘solar system’ atom.” 

It would seem that both these writers are aware of 
only two alternative approaches, facts-to-theories, and 
the well-known historical or “‘heuristic’’ method. Vari- 
ous other writers also appear to see the question of an 
approach to chemistry as a simple dichotomy; any 
possible third method, because it does not have a name, 
is not even imagined. 

The historical method presents first things first, where 
“first’”’ is understood purely with reference to time. The 
“backward” method also presents first things first, in 
the sense in which the elements of any composite are 
prior to the composite (bricks can be said to be prior to 
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a house, letters to written words, lines to angles). There 
are many kinds of priority, of which temporal priority 
is only one. For a short but illuminating discussion of 
some of the various kinds of priority, see reference (1). 
One possible kind of priority is pedagogical priority, 
and it is this kind of priority that the teacher seeks. 
There may, of course, be several satisfactory pedagogi- 
cal orders, but it is not necessary that any one of them 
should coincide with any of the other orders of priority. 

Subatomic particles, atoms, and molecules are, suc- 
cessively, the elements (in the general sense) out of 
which matter is built. But we are not teaching matter, 
we are teaching chemistry, which is an organized body 
of knowledge about matter. What are the elements 


(again in the general sense) of this knowledge? Answer - 


—they are first experimental results and then theories. 
The theories lead to more experiments, which then lead 
to more theories, to more experiments, etc., almost 
indefinitely. In this order of priority, the priority of 
experimental results to theories is absolute, for if the 
experimental results were annihilated, the theories 
would fall with them. We do not believe any theories, 
and certainly not our theories of atoms, electrons, and 
other particles, except as they are firmly ‘“‘based upon” 
experimental results. Again in this order of priority, 
atoms precede atomic structure, for atoms reveal them- 
selves to us from the outside in, and not from the inside 
out. The “backward” method can quite fairly be called 
“nside-to-outside’’: an alternative method is “‘outside- 
to-inside.”’ 

The order of priority that we have now arrived at 
(which may, for reference purposes, be called ‘‘epistemo- 
logical,’’ although I propose to use this unpleasant ten- 
dollar word as little as possible), is quite distinct, in 
idea, from the historical order, although in practice it 
may follow the historical order more or less closely. 
However, the historical order is unique, whereas the 
facts and theories of chemistry can be arranged in out- 
side-to-inside order in various ways. The discovery of 
gaseous molecules by the chemist and by the physicist 
represent independent converging lines, which can be 
presented in either order, regardless of chronology. On 
the other hand, equivalent weights must precede atomic 
weights, although the chronology in this case is con- 
fused (7). The history of chemistry often takes one 
along winding paths and down dead-end streets, past 
which a straight highway can be constructed afterwards. 
On other occasions chemistry has progressed by wild 
unjustified leaps across chasms which later had to be 
bridged with extreme care; Avogadro’s celebrated and 
almost prophetical insight is an example of this. For 
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science is not just a body of knowledge, it is an organized 
body of knowledge. The bringing about of this organi- 
zation is the work of the scientist, and it produces a 
highway (to continue the engineering metaphor) along 
which one can travel from ignorance to knowledge. 
This highway forms a pedagogical order and is the third 
way of teaching chemistry referred to in the title. 

It must be stated at once that this is no new way of 
teaching chemistry, or anything else. Although it has 
no well-recognized name, so that many teachers appear 
to be ignorant of its existence, it is very frequently 
practiced, for of course no teacher ever uses any one of 
the three methods in its purity. Examples of the E. 
method (let us call it that for short) can be found in 
many textbooks, and it may be that some teachers have 
used it under the impression that they were using the 
historical method, which roughly parallels it. It can 
also be found cheek by jowl with the ‘“backward”’ 
method, which is formally most opposed to it. 

A recent textbook by Dr. Linus Pauling (6) is for the 
most part an excellent example of the method that has 
been referred to above, perhaps unfairly, as “‘back- 
wards.” Yet on certain occasions it shows good ex- 
amples of the E. method. One of these is its approach 
to the concept of valence. This begins with formulas, 
passes to simple structural formulas wherein a bond of 
any kind can be represented by a line, then distinguishes 
between positive and negative valence, and goes on toa 
heading ‘‘more precise concepts.” Only after this are 
electrons mentioned in connection with valence. 
Nothing historical is mentioned. The order followed is 
“from the outside in’ or “how we come to know that 
which we know.” The same subject is treated very 
differently by Jones (4), for in his presentation the con- 
cept of valence arises in the course of a (highly sim- 
plified) discussion of the electronic structure of atoms. 
This is inside out, or pure backwards. 

Each of the three methods has advantages and dis- 
advantages, some of which may now be commented on. 
The purpose of the “backward” method is well ex- 
pressed by Jones: the “retention and deduction of facts’’ 
he says, is thereby “greatly improved.” This gives a 
guide to the circumstances under which this method is 
most suitable. For a course in chemistry may have two 
purposes (either in their purity or mixed in any propor- 
tion): (1) to train scientists or technicians; (2) to con- 

tribute to general education. The “backward” or in- 
side-to-outside method is more suitable for training 
scientists or technicians, for the retention of facts con- 
tributes very little, if anything, to general education. 

But for scientists, and even for technicians, there are 
objections to the inside-to-outside method. Consider 
the phrase “deduction of facts’: it is a very curious 
expression, for facts are not deduced, they are estab- 
lished by experiment. It is true that deductions are 
made from theories, but unti] they receive confirmation 
from experiment they remain deductions from theories. 
Only experiments make facts. A course which does not 
make this clear, or leads students to suppose that facts 
are deduced, is not expounding the scientific method. 
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Any attempt to consider science from the inside out 
leads to curious difficulties with causality. Consider 
the following two statements: 

(1) Zine displaces copper from solutions of its salts 
because zine stands higher in the electromotive series. 

(2) Sodium has a valence of +1 because it has one 
electron more than an inert-gas configuration. 

The first statement is nonsense. It should be turned 
the other way round: we place zinc above copper, in 
what we call the electromotive series, because we observe 
that zine displaces ecdpper from solutions of its salts. 
The second statement can also be turned round. We 
can ask, “How do we know that sodium has one more 
electron than an inert gas structure?” and we answer, 
‘‘Among other reasons, because it has a valence of one.” 
But it is a strange kind of causality that can be reversed 
in this manner. Furthermore, causes should precede 
their effects, yet who can really believe that the posses- 
sion of an extra electron by a sodium atom precedes its 
having a valence of one? Sodium chloride occurs in 
nature, and sodium is commonly made from it; here 
the exercise of the valence precedes the possession of the 
extra electron. The extra electron is not an efficient 
cause of the valence, it is a formal cause. Efficient 
causes precede their effects, and we are so used to 
thinking exclusively in terms of these causes that we are 
apt to be surprised when we encounter other types, as 
we frequently do inscience. An inside-to-outside pres- 
entation is a formal presentation, and formal causes 
inevitably crop up. For clarification consult reference 
(2). 

In Pauling’s presentation, formal causes abound, al- 
though he carefully avoids the use of the word “‘cause.”’ 
Thus, ‘the density of the crystal is determined by the 
equilibrium distance between the ions, and hence by the 
sizes of the ions.” Such is the trickiness of the English 
language that this circumlocution, although very com- 
monly used, is not entirely satisfactory, for we can say, 
in a most straightforward sense, that the density of the 
crystal is determined by weighing a one-centimeter cube 
of the substance. Who determines whom, or what? 

The most serious disadvantagé of the inside-to-out- 
side method is that the learning process, in the student, 
is entirely different from the scientific method. Con- 
sider the following passage, which éccurs in an early 
chapter of Pauling’s book, ‘Moreover, the forces acting 
between atoms within a molecule are very strong, and 
those acting between molecules are weak. As a result of 
this it is hard to cause a molecule to change its shape, 
whereas it is comparatively easy to roll the molecules 
around relative to one another. For example, under 
pressure a crystal of iodine decreases in size; the mole- 
cules can be pushed together until the intermolecular 
distances have decreased by several per cent; but the 
molecules themselves retain their original size, without 
appreciable change in interatomic distance within the 
molecule.” A student reading this is being asked to 
accept it purely on faith. 

Sometimes the presentation of the latest advances of 
science before the student has mastered the elements 
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(or “rudiments,” shall we say, to get away from the 
ambiguity of “elements”’), leads to very strange results. 
Thus, quoting again from Pauling: “When molten 
sulfur is heated to a temperature considerably above its 
melting point it becomes deep red in color and extremely 
viscous, so that it will not pour out of the test tube when 
the tube is inverted. This change in properties is the 
result of the formation of very large molecules, con- 
taining hundreds of atoms in a long chain—the 8s rings 
break open, and then combine together into a ‘high 
polymer’ (explained in a footnote). The deep red color 
is due to the abnormal atoms at the ends of the chains, 
and the great viscosity is due to the interference with 
molecular motion caused by entanglement of the chains 
with one another.”” Why should an “abnormal” atom 
be red? And these terminal atoms must be of an ex- 
ceedingly intense color, since there are few of them, yet 
enough to color the entire liquid deep red. This is a 
naiive understanding, of course, but the passage is in- 
tended to be read by students, who are students pre- 
cisely because they do not have a profound knowledge of 
chemistry. 

The same passage illustrates another characteristic of 
attempts to follow the inside-to-outside order consist- 
ently. For this passage begins, not with the theory, but 
with the phenomena, precisely what we observe when 
sulfur is heated, the ‘‘outside” of the science. It then 
jumps plum into the “inside,”’ the Ss rings breaking open 
and forming long chains, with “abnormal” atoms at 
their ends. The intervening territory is not covered at 
all. The train of thought is not complete in either 
direction, for neither is it made clear that the theory is a 
sufficient formal cause of the phenomena, nor that the 
phenomena are sufficient for us to draw the theoretical 
conclusions that are presented. This trouble is inherent 
in this order of presentation, in which complex masses 
of theory are given way ahead of the experimental 
facts upon which they are based. Such a treatment 
gives the student no idea of the scientific principle 
known as Occam’s razor, essentia non sunt praeter 
necessitatem multiplicanda, which is commonly rendered 
in modern English, “hypotheses must not be multiplied 
without necessity.” The same principle was expressed 
thus by Newton: “No more causes of natural things are 
to be admitted than such as are both true and sufficient 
to explain the phenomena of these things.”’ Occam’s 
razor, or Newton’s principle, would shave almost any 
modern textbook down to nearly nothing. 

Summarizing, inside-to-outside abandons the scien- 
tific method, as a method of presentation. Thereby it 
achieves, as Pauling points out in his preface “a more 
simple, straightforward, and logical way than formerly.” 
It is most appropriate for specialist students who will 
later do graduate work in chemistry or some other 
science, for they will then reach the point where they 
will learn the experimental reasons for believing what 
they have heretofore taken on faith, and will be in a 
better position to understand the relation between ex- 
periment and theory in science. It is least appropriate 
as a part of the general education of those who are not 
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to be scientists, for such a course should certainly ex- 
plain and exemplify the scientific method. For tech- 
nicians (meaning, laboratory workers who have con- 
siderable manual skill, but do not really understand 
what they are doing) it is probably a necessary evil. 

The President of Harvard University recently wrote 
a most stimulating little book devoted to the heuristic 
method (4). It refers to physical science in general, not 
merely chemistry, and it is not a fully worked out 
course, but merely suggestions for such a course for 
those who are not to be scientists. It describes, in con- 
siderable detail, the work of Boyle, Torricelli, and others 
on gases, some of the work of Galvani and Volta on 
electricity, and Lavoisier’s elucidation of the nature of 
combustion. It is so well done that it excellently illus- 
trates both the advantages and the disadvantages of 
teaching science by means of the history of science. 

The first and enormous advantage of this method is 
the stimulating connection it makes with history, and 
history of the important kind. Thus, in general educa- 
tion, such a course serves a dual purpose, for it is not 
only science that is being taught, but a part of the his- 
tory of ideas; and it is very easy to bring in the effect of 
science upon social and economic conditions, and the 
effect of social and economic conditions upon science. 
With a little modification, it could be used as a course in 
history itself, and I certainly wish that I had been 
taught ‘history in this way instead of by battles and 
dates! . 

Conant discusses ‘‘two ways of probing into complex 
human activities and their products: one is to retrace 
the steps by which certain end results have been pro- 
duced, the other is to dissect the result with the hope of 
revealing its structural pattern and exposing the logical 
relations of the component parts, and, incidentally, ex- 
posing also the inconsistencies and flaws.’ He greatly 
prefers an historical approach, explaining, by way of 
example, that the complex workings of our system of 
government in the United States would be much more 
easily understood historically than analytically. How- 
ever, there is no real analogy here. In our government 
certain things are the way they are purely for historical 
reasons; they were that way once and it has not been 
worth while to change them. It is not so in science. 
Certain names, it is true, are used for odd historical 
reasons, but our concepts and theories are brought con- 
tinuously up to date—or if they are not there is some- 
thing wrong with science. Looking behind names at 
the ideas they represent, no idea is entertained in 
science for any reason except that it is a fruitful idea 
right now. The fact that a chemist fifty years ago may 
have entertained a certain idea has not (or at any rate 
should not have) any weight at all for us in deciding 
whether to adopt that idea now: our only criterion is 
whether it agrees with the totality of facts available 
now. 

An important conception in Dr. Conant’s book is the 
Tactics and Strategy of Science. He seems to be in- 
terested chiefly in the frontier of science—or rather the 
front, for he frequently continues the military meta- 
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phor. The idea of science as an organized body of 
knowledge does not clearly appear. Thus, in order to 
teach what are now elementary concepts he has to go 
back, maybe to the 18th or 17th centuries, to a time 
when these concepts were right in the firing line. They 
were then subject to all the confusion that invariably 
obtains in a combat. To understand combustion was 
exceptionally difficult for those who lived in the late 
18th century, because they had to get away from the 
phlogiston theory, and the contemporaries of Boyle and 
Torricelli suffered from confusion as to what sort of a 
“vacuum” it is that nature is said to abhor. (It may be 
pointed out that .an Aristotelian vacuum, containing 
nothing, is quite different from our modern conception, 
containing no matter, but an electromagnetic “field” 
and a gravitational ‘‘field.’’?) They were further handi- 
capped by apparatus that seems to us so crude that we 
marvel that they achieved any experiments at all. 
These difficulties were genuine in their time, but it is not 
necessary to go through them in teaching. In intro- 
ductory courses we do not teach the battle now in prog- 
ress; we teach the ground already won, and there the 
situation is peaceful. It is not dynamic, it is static. 
To describe it as static sounds almost like a smear word 
nowadays, when everything has to be “‘dynamic,”’ but 
the description is true. The content of introductory 
courses is largely in the quiet area of science. The for- 
mula H,O has not changed for 90 years, and is not 
likely to change further. 
“We can put it down as one of the principles learned 
from the history of science that a theory is only over- 
thrown by a better theory, never merely by contradic- 
tory facts.” This is a very astonishing statement, al- 
though it is repeated several times throughout Dr. 
Conant’s book. It certainly is not a principle of science. 
Yet shouldn’t a course in science teach the principles of 
science? A theory must not be contrary to facts! This 
is the principle by which we judge our theories, and we 
try to the best of our ability to make theories that will 
fulfill it. What Conant observes is not a principle at all, 
but a generalization from the behavior of individuals 
who, as part of their activities, were engaged in scien- 
tific research, and did so as scientifically as they could. 
Being fallible humans, they sometimes failed. It is 
historically true that Priestley clung to phlogiston to 
his dying day in 1804; but he was unscientific in doing 
so. Admittedly, as Conant points out, it would be act- 
ing with undue haste to jettison a well-established 
theory on account of one experiment that may appear to 
contradict it, but if the experiment is confirmed and 
thoroughly understood, so that it can qualify as a fact, 
and if the contradiction between the fact and the theory 
is clear (it very often isn’t!) then the theory must be 
abandoned or modified. If theories were allowed to be 
contrary to facts there could be no science at all. 

On the other hand, Conant makes a real contribution 
in insisting on going slowly and taking enough time to 
understand concepts that are inherently difficult. The 
concept of a gas as a substance, and of different kinds of 
gases, is not at all easy, even when the special difficul- 
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ties that beset those who first arrived at the concepts 
are removed. Many other concepts in science, that are 
called “elementary”’ because they must occur early in 
the course, are much harder for beginners than experts 
(who have forgotten their own early youth) commonly 
realize. The heuristic method at least takes the time to 
explain these concepts thoroughly, and if it takes the 
extra time to refute the wrong theories as well as to 
present those that we now believe to be the right ones, 
there is a compensation in the fascinating connection of 
science with other human activities. By contrast, both 
inside-to-outside and outside-to-inside, in their purity, 
operate in a social and cultural vacuum, which is 
scarcely alleviated by the conventional row of portraits 
of famous chemists with little potted biographies, often 
of almost inhuman dullness. The heuristic method as 
outlined by Conant actually achieves what other 
methods, aiming to combine “culture” with science, try 
and miserably fail to do. It should be excellent for 
liberal arts students; very good, too, for specialists, if 
they can afford the time; and as for technicians, it goes 
without saying that they should if possible be liberal 
artists, even if they are not scientists. 

At one point Conant comes almost face to face with 
the epistemological method, only to reject it. Con- 
sidering Karl Pearson’s ‘“The Grammar of Science’’ he 
says: “I doubt if the philosophical treatments of science 
and scientific method have been very successful when 
viewed as an educational enterprise. No one questions 
of course the importance of this type of penetrating 
analysis. There must be constant critical appraisal of 
the progress of science and in particular of scientific 
concepts and operation. This is one of the prime tasks 
of philosophers concerned with the unity of science and 
the problems of cosmology. But when learned discus- 
sions of these difficult matters are the sole source of 
popular knowledge about the ways of science, education 
in science may be more handicapped than helped by 
their wide circulation.” 

Now Pearson’s book was not for a moment intended 
to be a beginners’ textbook. Furthermore, its subject 
is the epistemology of science; a textbook of science, 
arranged epistemologically, would be quite different. 
It would not contain learned discussions of difficult 
matters, but simple expositions of elementary matters. 

Such a method would be nothing fundamentally new, 
for it has been practiced sporadically, unsystematically 
and apparently unconsciously by many teachers, if not 
by all. The consistent and intentional use of it would 
be new. It would not be suitable in teaching to stick 
rigidly to the epistemological order, any more than the 
backward or heuristic orders are ever presented in their 
purity. It would be desirable to make occasional 
anticipations to a more advanced state of theory, 
stating quite clearly that the experimental bases of the 
theory will be taken up later. This does not mean that 
the descriptions of experiments would receive greater 
emphasis than theories—quite the contrary. But it 
does mean that theories would be presented together 
with some reason for believing them. The important 
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thing would be to get the students into an attitude of 
wanting to know “how we know it,” rather than tamely 
swallowing theories which are dished out to them with 
no further title to credibility than teacher’s say-so. 

The historical method was given its name, “heuris- 
tic,” because it was believed that a student will be 
helped in arriving at an understanding of science by 
retracing the steps by which scientific knowledge was 
arrived at, in the historical order. The epistemological 
method goes through the steps by which scientific 
knowledge is arrived at, in the epistemological order. 
Thus as regards actual training in science, for liberal 
artists, scientists, or technicians, this method should 
achieve what the heuristic method was intended to do. 
Like the inside-to-outside method, it does not achieve 
the correlation with history that can be done so well 
with the heuristic method. At any rate, it avoids the 
objections that can so easily be brought against the 
inside-to-outside method. Except in the hands of a bad 
teacher, it would not represent the ‘‘very poor teaching 


* KARL ZIEGLER 


Cuemican researcu is rapidly being revitalized in 
war-torn Germany. There is shortage of chemicals, 
glassware, and equipment; recent foreign books and 
periodicals are seldom available; heat, water and 
current, etc., are often interrupted, but the old-time 
energetic spirit is bravely meeting and overcoming 
these handicaps. The German chemical journals are 
beginning to appear again when the paper supply per- 
mits, and new books are likewise coming on the market. 
One of the leaders in this postwar revival is the well- 
known organic chemist, Karl Ziegler. (See frontispiece). 

Born November 26, 1898, at Helsa near Cassel, he 
‘studied at Marburg under K. von Auwers. After re- 
ceiving the doctorate in 1920 he stayed on as assistant 
and privat dozent. In 1925 he transferred to the Univer- 
sity of Frankfort a. M. and then (1926) to the Univer- 
sity of Heidelberg, where he headed the organic section. 
In 1936 Ziegler visited a number of American universi- 
ties and was guest lecturer at Chicago for several weeks. 
On his return to Germany he was called to head the 
chemistry department at Halle. He filled this post 
with such distinction that in 1943 he was named to suc- 
ceed Franz Fischer as director of the world-famous 
Kaiser Wilhelm Institut fiir Kohlenforschung at Miil- 
heim (Ruhr). 

Dr. Ziegler opened his scientific career with the syn- 
thesis of some new free radicals. The early conviction 


that purely preparative organic studies would never re- 
sult in definite theoretical conclusions induced him to 
enter on a comprehensive series of studies of the reaction 
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psychology” so feared by Wiswesser (8), for the discovery 
of the periodic table (for example) can be presented as a 
thrillingly successful search for the regularities under- 
lying a provocatively regular-irregular mass of appear- 
ances. If the purpose of a course in chemistry is to give 


some idea of the scientific method, then the epistemo- .. 


logical method has very clear advantages, for it actually 
exposes students to the discipline of scientific thinking. 
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kinetics and energetics of labile polysubstituted ethanes 
(1929, 1930, 1933, 1942). 

The work with free radicals led him to the organo 
compounds of the alkali metals. He discovered that 
ether scission opened a new method of preparing sodium 
and potassium alkyls; later (1930) he directly synthe- 
sized lithium alkyls and aryls from metallic lithium and 
halogenated hydrocarbons. This important discovery 
made the lithium compounds as readily available as 
the familiar Grignard reagents. Because of their greater 
activity, impressive developments in organic synthesis 
arose from the Ziegler organo-metallic compounds. He 
himself found new reactions in the heterocyclic field 
(1930) and he observed the addition of alkali alkyls to 
—C=C—double bonds (1927). This latter observa- 
tion initiated comprehensive studies of certain poly- 
merization reactions, especially the formation of buta- 
diene-sodium rubber (1929, 1934, 1939). 

The alkali alkyls also opened a way to solving the 
problem of the synthesis of large ring compound from 
long aliphatic chains. The consequent combination of 
the “dilution principle” with the new ring closure reac- 
tions made possible the synthesis, in good yields, of 
many polymethylene ketones. An outstanding instance 
was the preparation of muscone, the odoriferous prin- 
ciple of animal musk. Ziegler, together with A. Lit- 
tringhaus, and then the latter alone, used the new meth- 
ods for preparing unusual (m-, p-, etc.) rings. 

Cantharidine, the active principle of Spanish fly, was 
synthesized by Ziegler in 1942. An outgrowth of this 
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work was the preparation by him and his student, G. 
Schenck, of the natural peroxide ascaridole from a-ter- 
penes. Ziegler also found that N-bromo-succinimide is 
an excellent reagent for introducing a bromine atom 
into the allyl position of unsaturated compounds. This 
reagent has now found wide favor in preparative work. 





Most of Ziegler’s papers have appeared in the An- 


A ssorr T1Me ago at a large university two lives were 
sacrificed and three others nearly lost to the deadly 
poison, HS. In this most recent accident, the gas 
was stored in a closet-like room on the third floor of the 
chemistry building and flowed from a cylinder into a 
large gasometer and thence into laboratories below. 
Two men were overcome while replenishing supplies 
for use in afternoon laboratory courses. Three would- 
be rescuers were felled while trying to save the victims. 

It appears that too little knowledge about this gas 
has been broadcast, although it is one of the most 
common chemical reagents. Any high-school chem- 
istry student can tell you that “it stinks like rotten 
eggs and it precipitates metals,” but question the 
student further and you will find he really knows little 
else about the gas. The fact that it rates with hydrogen 
cyanide as a killer, and that the odor cannot be de- 
pended upon to give warnings of dangerous concen- 
trations, has completely escaped the notice of the stu- 
dent. When a leading college chemistry textbook 
masks its warnings in vague words like ‘‘when hydrogen 
sulfide is inhaled, it acts as a powerful poison. .one 
part of the gas in 200 parts of air is fatal to mammals; 
and small animals such as birds are more sensitive,” 
it is small wonder that the student does not realize how 
potent a killer this gas really is. Another fact that 
escapes most students is that it forms explosive mix- 
tures with air, the lower limit of flammability being 
4.4 per cent and the upper limit 45 per cent hydrogen 
sulfide in air (by volume). 

The sense of smell cannot be depended upon to 
prevent exposure to dangerous concentrations of hy- 
drogen sulfide. It has a rotten-egg odor at low con- 
centrations and a sweetish odor at high concentrations. 
However, the sense of smell is lost so rapidly at high 
concentrations that no odor may be noticed at all. 
While concentrations of 600 parts per million (0.06 
per cent) are fatal in 30 minutes, it requires only a few 
breaths of the undiluted gas to cause instant death 
from respiratory paralysis. 

Where use of the gas is indispensable in the labora- 
tory, it should be generated in the smallest necessary 





amounts by heating the solid powder, sold commer- 
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nalen der Chemie. He is the author of various chap- 
ters in the Freudenberg “Stereochemie” (1933) and the 
‘Handbuch der Katalyse”’ (1943). He is a member of 
the Academies at Halle and Munich. In 1938 he was 
awarded its Liebig Medal by the Verein Deutscher 
Chemiker, and since 1946 has been the president of 
the Gesellschaft Deutscher Chemiker. 


$ HYDROGEN SULFIDE—KILLER THAT MAY NOT « TINK 


H. H. FAWCETT 
Alpha Chi Sigma Fraternity, New Castle, Delaware 


cially as “aitchtuess,” in a hood with adequate air 
flow to insure complete ventilation. If a cylinder is 
absolutely necessary as a source of the gas, the cylinder 
should be as small as possible and used only in a hood. 

Hydrogen sulfide is 19 per cent heavier than air, and 
hence tends to settle toward the floor or lower levels. 
This property has caused many deaths where the gas 
was generated in wells, sewers, and other underground 
passageways. 

Where exposure to the gas is suspected or is known 
to have occurred, the first consideration before entering 
the area is to put on a Type AB, or Type N canister 
gas mask approved by the U. S. Bureau of Mines. 
However, even masks are only satisfactory protection 
for concentrations up to 20,000 parts per million 
(2.0 per cent). If concentrations may run higher than 
this, it is safer to use a self-contained breathing ap- 
paratus approved by the Bureau of Mines. 

The victim should be carried or dragged immediately 
to fresh air; he should not be allowed to walk because 
excessive exertion may make the toxic effects of the 
gas even more severe. The Schaefer method of arti- 
ficial respiration should be started immediately if the 
victim is unconscious and not breathing, and should be 
continued until normal breathing is resumed or the doc- 
tor arrives. A doctor and ambulance should be called 
by asecond person so the first person can concentrate on 
the artificial respiration effort. The victim should be 
kept warm and carried to the ambulance. Transfusion 
to replace part of the sulfide-saturated blood with fresh 
blood is sometimes necessary. . 

“Before an area is reentered for normal activities 
after a leak, a hydrogen sulfide detector should be used 
to determine the concentration of the gas remaining. 
Twenty parts of hydrogen sulfide per million parts of 
air is the maximum allowable concentration for pro- 
longed exposures. (HCN has the same maximum 

allowable concentration for prolonged exposures.) 

In general, remember that hydrogen sulfide: (1), is 
extremely deadly; (2), forms explosive mixtures with 
air; (3), concentrations cannot be safely detected by 
smell alone; (4), is heavier than air. 

Have respect and teach respect for H,S! 





Tue rEcocNrTIon of the dual function of the scientist 
in a liberal arts college is evident. No one of us who 
teaches in a college will, I believe, question that our 
prime function is teaching. The chief advantage, and 
probably the only advantage, the college has over the 
university to offer the undergraduate is the contact be- 
tween the teacher and the student. The smaller classes 
and laboratory sections permit a relationship in which 
the teacher is cognizant of the student as an individual, 
is able to discern the student’s weakness in the back- 
ground training and the latent intellectual power which 
may need only the right stimulus for development. The 
student, by contact with the more experienced members 
of the faculty gains a respect for intellectual interest 
and a will to achieve. 

Since courses in science are now generally recognized 
as an intrinsic part of a liberal education, the student 
should have training not only in the methods of science 
but also in the spirit of science, the enthusiasm for dis- 
covery, the “adventure of education.” This is difficult 
to pass on to students if the teacher functions merely as 
an interpreter of knowledge and not as a contributor to 
its growth. The twofold purpose as expressed recently 
by Dr. Hugh Taylor of “teaching and seeking” is 
essential and it is the importance of the latter of these 
which I wish to discuss. 

One argument against research sometimes offered by 
administrators in the colleges is that there is a tendency 
for the teacher engaged in research to center his interest 
in that to the exclusion of his interest in teaching. I 
cannot agree with a recent statement of Dean Harry 
J. Carman, of Columbia College, which appeared in the 
New York Times “that most of the Nation’s under- 
graduate teachers in the liberal arts colleges have been 
prepared only for research.’’ The person whose ab- 
sorbing interest is in research will seek a position in the 
university, the research institution, or in industry rather 
than stay in the liberal arts college. I imagine that each 
of us has, at some time, had to make a decision between 
a research position and college teaching, the fact that 
we are teaching is evidence of our preference for teach- 
ing. If a proper balance between “teaching and seek- 
ing’ is maintained there is no question but that the 
teaching profits enormously by the research activity 
of the teacher. A friend of mine, a biochemist who has 
done distinguished research, has refused recently a 
number of lucrative research offers. Her reason is that 





1 Presented before the Division of Chemical Education at 113th 
meeting of the American Chemical Society in Chicago, April 19 
to 23, 1948. 


THE RELATION OF RESEARCH TO TEACHING IN 
A LIBERAL ARTS COLLEGE’ 


MARY L. SHERRILL 
Mt. Holyoke College, South Hadley, Massachusetts 


the combination makes for far greater intellectual stimu- 
lus and satisfaction than either alone. When research 
problems go awry and everything seems to lead to a 
blind alley, she finds renewed interest and stimulus in 
teaching. When the discouragement that every 
teacher faces at times descends upon her she turns to 
her research for inspiration. Research problems should 
be undertaken because of the teacher’s desire to “find 
out” rather than as a way to supplement inadequate 
academic salaries through industrial grants or to achieve 
academic promotion, if the best interests of scientific 
teaching in the liberal arts college are to be served. 

The value of research investigations is threefold: to 
the student, to the teacher, to the department or college. 
The student, regardless of whether he is taking the work 
as a basic science requirement or as part of a major, 
should be made aware that the subject is not static but 
dynamic. Example is a far more potent teacher for the 
undergraduate than precept. Nothing is so effective in 
stimulating an interest in the subject as the con- 
tagious enthusiasm of a teacher who is himself con- 
tributing in some small way to the advance of the sci- 
ence. This is true with the freshman who is finding a 
thrill in first-hand experiment and to the senior whose 
interest and ability have qualified him to undertake a 
special problem. There comes to me a vivid remem- 
brance of a sophomore, inspired by two graduate assist- 
ants in her residence hall, who was thrilled to spend her 
spring vacation working with them (mostly washing 
apparatus) just to have a part in “‘research.”” For the 
seniors who can pursue small honor’s problems there is a 
very real advantage over the pursuance of the well-de- 
fined and organized courses. It gives them greater op- 
portunity for developing independence, for evaluating 
the work in the literature, for increasing their observa- 
tional power, for interpreting unexpected results, and 
oftimes for meeting the challenge of temporary defeat. 
The presentation of their problems and their results in 
group seminars and the organization of their material in 
written papers is also of great value in any future work 
whether it be in teaching, in graduate school, in labo- 
ratory work, or in community life. Such problems are 
necessarily small in scope and may not always give con- 
clusive results. If a group can be working on related 
problems the cumulative data from a number of small 
problems may ultimately add up to a worth-while con- 
tribution to the science. Through this the students may 
perceive the value of group effort and cooperation and 
may develop an enthusiasm for future study and re- 
search. 
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Of even greater value is the effect of research on the 
teacher. It necessitates his keeping informed on cur- 
rent scientific articles in the journals and gives greater 
reason for attendance at scientific meetings. Even 
though the problem may be limited in scope it gives a 
feeling of “keeping abreast of the times’ which does 
much to keep a teacher, whose first responsibility is 
teaching undergraduates, alert and alive to the new de- 
velopments in science. It is the most effective means of 
keeping the teacher mentally vigorous and of helping him 
avoid the stagnation that repetition may bring. To 
have honor students and candidates for the Master’s 
degree working on some phase of the problem brings the 
additional stimulus of arousing their interest, of develop- 
ing their critical faculties and of intensifying their en- 
thusiasm for scientific endeavor. The teacher must, 
however, keep constantly in mind that the research is a 
“means to an end”’ in that it makes his teaching more 
effective. 

The value of research to the department is enormous, 
especially if there are several members with different 
interests carrying on investigations. It makes colloquia 
and seminars much more stimulating. As so well ex- 
pressed in the article in Chemical and Engineering News, 
January 19, 1948, by the Committee on Professional 
Training of the American Chemical Society, it en- 
courages ‘‘a good group spirit, which includes enthusiasm, 
pride of group accomplishment, and a spirit of open 
mindedness in research.’’ The younger members of the 
staff just out of graduate school contribute greatly to 
the invigoration of the older members. They are vital- 
izing factors both in ideas and in techniques. They 
challenge the laissez faire attitude and lead the group out 
of the worn paths into the expanding areas beyond. To 
the college itself there is an advantage in the prestige 
which the research of the staff may bring and in the stu- 
dents who may be attracted to the institution because of 
interest in the particular field. 

There are many difficulties involved in carrying on 
research in a liberal arts college. Perhaps the primary 
one is the actual demands of teaching. The number of 
class appointments, the papers to be graded, the con- 
ferences with students, all tend to leave too little con- 
nected time as well as too little energy for intellectual 
endeavor. In addition the committee meetings and 
other institutional demands collect their toll from ‘the 
It is essential that the administration 
realizes the need for research and its value so that the 


teaching load is planned to permit time for some pro- 
ductive work. The teacher must also be constantly 
aware of the importance of investigation and keen 
enough about it to find the time. It seems essential that 
some part, often a large part, of the long vacation, the 
envy of those in industry, be devoted to research. New 
projects should be started and carried far enough to see 
that they are feasible to assign as problems for honor 
students or Master’s candidates. Also if a project has 
been carried out as a group problem, it is important for 
the director to review the work, fill in the gaps and check 
details which seem out of line before publication. This 
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can be done only in vacation when there is consecutive 
time available. 

If the administration is convinced of the value of re- 
search the authorization for the necessary chemicals 
and equipment, the second big hurdle, is not so difficult. 
If, however, the administration has no concept of the 
value, the problem is much more serious, as in the case 
of the Dean who, when asked for his approval for the 
expenditure of $100 for chemicals and equipment to 
start some research in the summer, told the young Ph. 
D., an enthusiastic teacher and investigator, “that she 
would accomplish more if she went to a university and 
took some courses preferably in education.” To over- 
come this attitude it is important, especially in initiating 
a research project, to choose a problem not too ambitious 
and one in which the equipment need not be expensive 
and elaborate. As the investigation develops and its 
value becomes recognized it will be easier to obtain 
larger appropriations. In our own experience it has 
actually been. an asset to be housed in an antiquated 
building for the administration compensates in part by 
generous support in chemicals and equipment. Of 
prime importance is the will to start a problem and the 
patience and tenacity to continue it. 

The choice of problem is of great significance and here 
much depends on how it is to be done. If it is for one 
individual alone it is wise to choose a field and a subject 
which permits the efficient use of short working periods 
and of a scope which under ordinary conditions will per- 
mit of successful completion in a foreseeable time. In 
cases where there is only one individual with little re- 
search time a satisfactory procedure has been worked out 
by individuals in starting a project at a university, when 
on leave or in the summer, and continuing this in the 
college. Problems which arise have been taken up by 
correspondence and the cooperation has been of immense 
value to the lone investigator. If there are several peo- 
ple interested in research in a department it is very ad- 
vantageous to undertake a problem which crosses two or 
more fields and utilizes the knowledge and techniques of 
all. This is not always possible but with the present- 
day emphasis on cooperation or group research this 
“pooling of ideas” in academic research is highly advis- 
able. It may take some time to develop and must de- 
pend on cooperation and cordial team ‘work not only in 
carrying out ideas but in contributing ideas. There 
must also be someone who is both investigator and 
amalgamator whose vision is great and whose enthu- 
siasm is contagious. If this can be accomplished it is 
the ideal condition for research achievement in a liberal 
arts college. 

Group research is not, however, confined to one insti- 
tution. It has been developed in a group of Southern 
colleges by Dr. Emmet Reid as coordinator. Another 
group research, highly advantageous if the smaller 
institutions could have a part in it, is the type developed 
during the war under the 0.8.R.D. as the atomic energy 
project, the synthetic antimalarial drugs, the penicillin 
development, the synthetic rubber program in which 
various academic groups and industries united their 
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efforts.and tapped the knowledge of all related fields. 
The value of this cooperation of experts in research was 
magnificently demonstrated. The value to individual 
investigators in these fields and the stimulus to research 


A conventent, two-step synthesis of the herbicide, 
2,4-D(2,4-dichlorophenoxyacetic acid) from phenol 
has been developed on a small scale for students in 
beginning organic chemistry. Two grams of phenol 
are converted top henoxyacetic acid by the general 
method! for the formation of aryloxyacetic acids— 
the reaction of the phenol with chloroacetic acid. One 
gram of the phenoxyacetic acid is then chlorinated with 
an equivalent amount of sodium hypochlorite laundry 
bleach in acetic acid. This method is simpler for small 
scale application in the laboratory than the usual 
chlorination of phenol followed by the reaction of the 
2,4-dichlorophenol with chloroacetic acid.? 

This preparation is ideal for beginning students 
because it illustrates a number of important principles 
while, at the same time, the product is a well-publicized 
organic compound. The first step is an excellent ex- 
ample of the Williamson synthesis of ethers. The 
second step illustrates controlled chlorination by a 
reagent other than chlorine itself. The importance of 
orientation in aromatic substitution is also exemplified 
in this chlorination. 

No particular trouble is experienced by students if 
the directions are followed carefully. Poor yields will 
result, however, if too much sodium hypochlorite solu- 
tion is used in the second step. 


EXPERIMENTAL 


Phenoxyacetic Acid. To a mixture of 2.0 g. (1.9 ml.) 
of 95 per cent phenol*® and 7 ml. of water in a 50-ml. 
Erlenmeyer flask were added 3 g. of sodium hydroxide 
pellets. After thorough mixing the pellets dissolved 
and the solution became quite warm. Three grams of 
chloroacetic acid were added immediately. The mixture 
became hot and boiled slightly. It was heated for 
fifteen minutes in a boiling water bath. During this 
time the reaction mixture solidified. At the end of 
the heating period the mixture was cooled slightly and 
acidified to Congo red with 6 N hydrochloric acid (10 





1 Koexscu, C. F., J. Am. Chem. Soc., 53, 304-5 (1931). 

2 Ese, E., J. Bewi, A. Fries, C. Kasny, anp J. M. BERKE- 
BILE, J. CuEem. Epuc., 24, 449 (1947). 

3 Caution poison! If phenol is spilled on the skin it should 
be washed off immediately with ethyl alcohol. The burn should 
be treated as any other burn. 
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endeavor was enormous. In conclusion may I say the 
dual accomplishment of “teaching and seeking”’ is not 
easy of attainment but the joy that results when both 
are done is worth all the effort and time expended. 


SMALL SCALE SYNTHESIS OF 2,4-DICHLOROPHENOXYACETIC ACID 


ROBERT E. BUCKLES and STANLEY WAWZONEK 
The State University of Iowa, Iowa City, Iowa 


to 15 ml.). When the solid had dissolved, either an 
oil or oily crystals floated on the surface. 

The mixture was cooled and extracted with 50 ml. of 
ether. The ether layer was washed with 15 ml. of 
water and extracted with a solution of 2 g. of anhydrous 
sodium carbonate in 15 ml. of water. The carbonate 
solution was then acidified to Congo red in a beaker. 
Cooling yielded flaky crystals. When dry the yield 
was 1.5-2 g. (50-67 per cent); m. p. 98-99°C. Re- 
crystallization from hot water did not improve the 
melting point. 

2,4-Dichlorophenoxyacetic Acid. Exactly 1.0 g. of 
dry phenoxyacetic acid was weighed out as accurately 
as possible. It was dissolved in 12 ml. of glacial acetic 
acid in a 50-ml. Erlenmeyer flask. The solution was 
cooled in an ice bath, and 18.0 ml. (19.1 g.) of commer- 
cial sodium hypochlorite solution (5.25 per cent) was 
added in small portions. The mixture was cooled so 
the temperature did not rise above room temperature. 
When the last addition had been made, the mixture 
was allowed to stand five minutes at room temperature. 
The solution darkened somewhat. It was mixed with 
50 ml. of water and acidified to Congo red. The mix- 
ture was extracted with 50 ml. of ether, and the ether 
layer was washed with 15 ml. of water and then ex- 
tracted with a solution of 1.5 g. of anhydrous sodium 
carbonate in 15 ml. of water. The carbonate layer was 
acidified to Congo red in a beaker containing 25 g. of 
ice. The crystals obtained melted low. The yield 
was about 0.7 g. 

The dry 2,4-dichlorophenoxyacetic acid was dis- 
solved in about 15 ml. of carbon tetrachloride. The 
material dissolved fairly slowly and was heated under 
reflux. Recrystallizstion from carbon tetrachloride 
was fairly clean-cut. There seemed to be little ten- 
dency for the compound to precipitate as an oil from 
this solvent. The yield was 0.5-0.6 g. (35-41 per cent); 
m. p. 134-136°C. (softened about 130°C). 

For comparison the reaction of 1.6 g. (0.01 mol) 
of 2,4-dichlorophenol with chloroacetic acid was carried 
out according to the directions of Pokorny.‘ The 
crude acid was recrystallized from carbon tetrachloride 
as described above. The yield was 0.90 g. (41 per 
cent); m. p. 135-7°C. (softened at 132°C.). A mix- 
ture of the two preparations had m. p. 134-6°C. 


4 Poxorny, R., J. Am. Chem. Soc., 63, 1768 (1941). 
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STUDENTS! 


SELECTING RESEARCH PROBLEMS FOR 





The writer is Professor Emeritus of Johns Hop- 
| kins University and for ten years has been visiting 
| about a dozen Southern institutions in the interest of 
| research. Research worthy of publication in stand- 

ard journals can be done by M.S. and even by B.S. 
candidates. The student must get so interested in his 
problem that he will give all he has to it and his 
teacher must be research-minded. 





fen 





First let it be said that the student should do the 
selecting. The vital spark in research is the feeling 
that one is on one’s own. However, in this finite world, 
there are limitations to free will. The acceptance of the 
status of student implies the recognition of the need of 
some guidance. In a cafeteria one is limited by the 
varieties of food displayed, by the size of one’s purse, 
and by one’s appetite. The choice is influenced by the 
attractiveness with which the wares are displayed and 
by the prices. The professor should put before the 
student a liberal assortment of problems. Each should 
be made attractive by a statement of the end to be 
accomplished and its importance. Each should have a 
price tag in the way of an honest estimate of the diffi- 
culties involved. Selling the problem to the student is 
of critical importance. What he does with it will be 
determined largely by how it stirs his imagination. If 
his interest becomes intense enough he will dream 
about it and be alert enough to catch the unexpected. 
Students who are likely to undertake research prob- 

lems are usually those who are looking forward to 
chemistry as a career. Whether they go into industry 
at the B.S. level, or after further study, or whether they 
are aiming at plant operation or industrial research, 

they will do well to get first hand information about 
research, its methods, its joys, and its sorrows. Carload 
lots of commodities are sold on the basis of samples, 

why not sell research in the same way? The samples 
may be small but they must be representative; they 

must not be phony or make-believe. Research is find- 

ing out something not previously known. Hence the 

problems suggested must pertain to the unknown. 

Normally there are three parts to research: a litera- 

ture search, making the experiments, anid reporting the 
results. The student’s sample should contain all three 








1 Presented before the Division of Chemical Education at the 
113th Meeting of the American Chemical Society, Chicago, 
April 19-23, 1948. 
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of these. This looks like a large order but it is presumed 
that the student has already had instruction in the use 
of chemical literature, in organic preparations, and in 
English composition. Having been led through these 
courses he may take a few steps on his own. Naturally 
he cannot be expected to cover much ground, but em- 
phasis should be put on quality and thoroughness in 
what he does do. The addition to human knowledge 
may be small but it must be real. This depends on its 
quality, not on its size. A speck of gold in the miner’s 
pan is as really gold as the largest nugget from the 
Klondike. In fact, much of the hoard of gold at Fort 
Knox has been assembled from tiny bits, many of them 
microscopic. Any real addition to knowledge is worthy 
of publication. Information becomes of value only 
when it is made available to those who may need it. 

The matter of publication is of prime importance. 
It is to be considered at the start in proposing a problem 
and should be kept before the student continuously in 
order that the quality of his work may be maintained 
and that all the desired data may be secured. At the 
finish loose ends must be gathered up and the results 
written up in suitable form before the task is considered 
complete. 

In choosing a problem the matter of size is critical. 
In the cafeteria the slices of mince pie are so small that 
there is little danger of indigestion, but as chemical 
problems are being handed out free, why not take a 
large one? One ambitious B.S. candidate undertook 
the study of the “drying” of linseed oil. The severest 
limitation in research is the matter of time. This is 
true even in the largest organization. It is acute with 
the candidate for a bachelor’s degree who has only two 
or three afternoons a week for research. The aspirant 
for the master’s degree has more time but still not 
enough for a large task. This means that the problems 
must be screened to size and done up in small packages. 
Larger problems must be broken up into pieces. The 
student should be discouraged from taking a task that 
he has not a reasonable expectation of completing. 

After selecting a problem the student should make a 
literature search. If, for instance, it is the preparation 
of a series of esters of sorbic acid, he should list all the 
known esters of sorbic acid and note how they have been 
made, going to the original literature as far as possible. 
He should read up on esters of similar acids on which 
more work has been done. Then he should write an 
outline of what he proposes to do. All of this should be 
submitted to his professor for criticism and advice as 
to what experimental work should be undertaken. 
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The preparation of organic compounds is ‘recom- 
mended as the most suitable field for the beginner in 
research. Organic chemistry is the crowning achieve- 
ment of the human mind. In no other realm have so 
many tens of thousands of facts been so logically ar- 
ranged and fitted together into such a magnificent struc- 
ture. By 1910, according to Richter, 144,150 organic 
compounds had been prepared; by now the number has 
probably reached half a million. Each of these fits into 
its niche in the system and its properties are related to 
those of adjacent compounds. Each is a member of sev- 
eral series, thus hexyl butyrate is between amyl and 
heptyl butyrates in one series and between hexyl pro- 
pionate and valerate in another. The properties of these 
five esters are related among themselves and to those of 
the other members of the two series. These series run 
parallel to other series. It is like putting together the 
pieces of a jig-saw puzzle but it is far more fascinating, 
since a picture is being created which no mortal eye has 
ever seen. In filling in gaps in a series the data for the 
new compounds should be plotted along with those for 
the old. This characterizes the series and, incidently, 
shows up errors. The whole series gains interest by 
being taken as a unit. 

There is satisfaction when the new compounds fall 
into their proper places and have the expected proper- 
ties. There is a thrill when this is not the case. Find- 
ing out the reason for the discrepancy may lead to a dis- 
covery. The more accurate the determinations the 
greater is the probability of turning up something in- 
teresting. The discovery of the planet Neptune was due 
to the observation of minute differences between actual 
and calculated positions of Uranus. 

The data on the lower paraffins are sufficiently com- 
prehensive that the boiling point, density, and refractive 
index of any one of the 334 unknown dodecanes can be 
predicted with accuracy. In other series our informa- 
tion is so fragmentary that we can go only a little way 
with such predictions. To extend our knowledge of the 
relationships of the properties of compounds of one se- 
ries among themselves and to those of the members of 
other series many additional thousands of compounds 
will have to be made and their properties determined 
with accuracy. Unfortunately the data on a large 
proportion of the compounds already in the literature 
are so poor that they are of little use for comparisons. 
Remaking imperfectly known compounds, purifying 
them and determining their properties is a real service. 
Filling in blanks and supplying accurate data for chemi- 
cal literature are tasks particularly suited for student 
research. Candidates for the doctor’s degree must have 
bigger problems and industrial chemists are under pres- 
sure to concentrate on items which appear to have com- 
mercial value. 

Skill in the preparation of organic compounds is a 
prime requisite in many fields of industrial research. 
In the quest for new and better medicinals many thou- 
sands of organic compounds have been prepared. Cer- 
tain derivatives of barbituric acid were found to have 
valuable soporific properties; hundreds of others have 
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been made having all sorts of groups in all possible po- 
sitions. Sulfanilamide was found to be potent; over a 
thousand of its derivatives and analogs have been made 
and tested. Some 14,000 compounds have been syn- 
thesized and tried out as antimalarials. Antiseptics, 
local anesthetics, and other classes of medicinals have 
received_much attention. 

Dyes, plastics, protective coatings, synthetic rubber, 
Nylon, and the like are products of industrial research in 
all of which the preparation of hosts of organic com- 
pounds, was fundamental. 


In organic synthesis there are available problems of all 
degrees of difficulty from the simplest, which are 
scarcely harder than those in a course in organic prepara- 
tions, to those that have baffled some of the best chem- 
ists for decades. The synthesis of new acids, esters, 
amides, and the like is a natural follow-up of the usual 
course in organic preparations. Yet it requires consid- 
erably more than simply following directions. Labora- 
tory manuals are so well written that a student can 
turn out good results with little understanding of the 
reactions involved, but the preparation of a new com- 
pound, even a homolog of one given in the manual, re- 
quires thought. The proportions have to be recalcu- 
lated and account has to be taken of different solubili- 
ties, volatilities, and reactivities. When work is being 
done for publication far more attention has to be given 
to purity of starting materials and to the accuracy of 
the determinations made. 

Another reason for choosing organic syntheses as a 
field for student research is the wide variety and great 
number of compounds which can be made by estab- 
lished methods from materials that are now at hand. 
Fifty years ago organic chemicals had to be imported. 
Each spring the requirements for the coming year’s re- 
search were figured out and an order sent off to Kahl- 
baum in Germany for fall delivery. This restricted re- 
search to predetermined lines. One worked on chemi- 
cals that were in stock. There was little use in dreaming 
up new problems. Ethanol was the only common alco- 
hol. Methanol, propanol, J-butanol and 7-amy] alcohol 
were the only others available. J-Propyl bromide had 
to be made by isomerizing the normal bromide with 
aluminum bromide. T-Butyl alcohol was obtained from 
acetone and methy] iodide by the Grignard reaction. 

Now things are very different. Eastman lists about 
3,000 organic compounds of research grade. From five 
alcohols and five acids twenty-five esters can be made; 
from 50 alcohols and 100 acids the number of possible 
esters is 5,000. A study of the fourth edition of Beil- 
stein which brings chemistry up to 1910 shows that 
ethyl esters have been made from practically all acids 
methyl, propyl, i-butyl and 7-amyl, but that esters from 
n-butyl, n-amyl, and higher alcohols are scarce. Ace- 
tates of alcohols are common, fori:ates and propionates 
less so, while n-valerates, caproates, and the like are 
usually wanting. Since 1910 tie number of gaps that 
have been filled in is large but the number of those that 

(Continued on page 524) 
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é POWDER METALLURGY’ 


Tue pRinctpa interest of the powder metallurgist is 
the forming of objects from metal powders. In general, 
metal powders are pressed in a mold to the desired shape 
and are simultaneously or subsequently heated to cause 
strong bonding between the particles of powder. Bond- 
ing may be accomplished in the absence of melting but 
often the fusion of a minor phase may occur. 
Theoretically, two identical pieces of massive metal 
would strongly bond together on contact at room tem- 
perature if the atoms on the contact surfaces were 
brought so close together that atomic forces of attrac- 
tion could become operative. The contact surfaces 
would. also have to be entirely free of contaminants such 
as oxides, or adsorbed gases. Under optimum condi- 
tions the massive metals would weld together upon 
contact and the plane of welding would be identical in 
strength and appearance to other portions of the metal. 
Experimentally, massive metals cannot be readily 
bonded together at room temperature by simple contact. 
However, sections of mica may be bonded at room tem- 
perature. If a thin, flexible sheet, cleaved from a large 
crystal, is replaced immediately in its former position 
the sheet adheres strongly to the parent crystal. The 
force required to remove the adhered sheet is compar- 
able with the force that was required to cause the initial 
cleavage. Resistance welding without fusion is an ex- 
ample of the bonding of massive metal in the absence of 
a molien phase, but pressure and heat are required. In 
this process metal sections are forced together under 
high pressure and at the same time the area of contact is 
locally heated until the metal becomes plastic. In this 
manner, welds of high mechanical strength may be pro- 
duced. Heating not only causes the metal to become 
plastic but provides greater mobility to the metal atoms. 
Pressure creates an intimate contact between the 
abutted sections and does not permit gases of the atmos- 
phere to contaminate the weld surfaces during bonding. 





1 Presented before the Ninth Annua] Summer Conférence of 
the New England Association of Chemistry Teachers, Wellesly 
College, August 23, 1947. 
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ALDEN M. BURGHARDT 
Watertown Arsenal, Watertown, Massachusetts 


In powder metallurgy, metal powders of high purity 
are bonded together in a sintering or heating operation. 
Metal powders are produced by various methods such 
as reduction of metallic compounds, electrolytic deposi- 
tion, or chemical precipitation. Metal powders for com- 
pacting are finely divided and will generally pass 
through a 100-mesh sieve in which the wires are spaced 
approximately 150 microns apart. 

Loose metal powders may be poured into ceramic 
molds and sintered in vacuum or in a protective atmos- 
phere such as purified hydrogen or cracked ammonia 
Upon heating, the points of contact between the powder 
particles bond together. At high temperatures, but 
below the melting point of the metal, the porosity be- 
tween particles is reduced, presumably as a result of 
viscous flow of the metal under the influence of surface 
tension forces. As the porosity of the compact is re- 
duced, during sintering, shrinkage of the metal 
occurs. 

In the cold press sinter process, metal powders are 
consolidated in dies at room temperature under pres- 
sures ranging as high as one hundred tons per square 
inch. Small parts have been compacted in automatic 
cold presses at rates as high as 500, units per minute. 
Pressing powders in a die causes more intimate contact 
between particles than when the particles are loosely 
packed. The pressed compacts are then sintered in a 
protective atmosphere. In forming parts to specified 
dimensional tolerances, allowance is made for the shrink- 
age that occurs during sintering. In order to maintain 
very accurate dimensional tolerances a repressing opera- 
tion is usually performed after sintering. Figure 1 
shows various products that were prepared by cold 
pressing and sintering metal powders. No machining 
was conducted on the products. 

In hot pressing, metal powders are simultaneously 
pressed as heat is applied, causing welding of the par- 
ticles. Compacting pressures need not be high in hot 
pressing since metals become plastic at high tempera- 
tures. 
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Courtesy of The Chrysler Corporation 


Typical Products Manufactured Without Machining 
Operations from Metal Powders 


Figure & 


With the appropriate choice of powder characteristics 
and manufacturing conditions metal powder products 
may be made highly porous or dense. Sintered metals 
of nearly theoretical density have mechanical properties 
that are comparable to those of cast material of the 
same composition. 

The powder metallurgy process is frequently consid- 
ered to be a very recent development for the manufac- 
ture of small items. However, in the 15th century the 
Incas of Ecuador prepared small objects of platinum by 
powder metallurgy methods. In the year 1800 Wollas- 
ton was producing platinum ware from metal powders. 
At the present time most powder metallurgy parts are 
relatively small. However, some carbide dies used in 
producing steel cylinders weigh as much as two hundred 
pounds. 


POROUS OR SELF-LUBRICATING BEARINGS 


Up to the present time, porous metal bearings have 
been a principal product of many powder metallurgy 
concerns. Considering the cylindrical bearing, its func- 
tion is to provide support for a rotating shaft. In oper- 
ating a motor, wear of the driving shaft and bearing 
must be held to a minimum in order to maintain proper 
shaft alignment and free rotation. Porous bronze 
bearings are widely used in small fractional horse-power 
motors for household equipment such as sewing ma- 
chines, electric clocks, and refrigerators. The porosity 
of such bearings may vary between 15 and 35 per cent. 
The bearings are impregnated with lubricating oil in 
much the same manner that a sponge may be saturated 
with water. In operation, frictional heat between the 


porous bearing and the rotating shaft causes the lubri- 
cating oil to expand and flow to the surface of the shaft. 
The uniform oil film produced then lubricates the sur- 
faces that bear on each other. Upon stopping the motor 
the bearing cools and most of the oil on the shaft passes 
back into the porous bearing by capillary action. In a 
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proper application a porous bearing with its self-con- 
tained reservoir of oil will function satisfactorily for 
long periods of time without attention. Porous clock 
bearings operate continuously for five years or more. In 
other applications porous bearings sealed within the 
motor are expected to function throughout the life of 
the equipment. Reservoirs of oil may be connected to 
porous bearings by means of porous metal wicks if nec- 
essary. 


POROUS FILTER MATERIALS 


Highly porous metal made by powder metallurgy 
techniques is being fabricated into filtration equipment. 
Bronze, nickel and stainless steel filters are commercially 
available and many other metals can be produced in 
porous form. One method of forming highly porous 
metal consists of sintering loose powder in ceramic 
molds. In asecond method, a low melting point compo- 
nent, such as wax, is uniformly mixed with the metal 
powder. The powder containing the admixed wax is 
next pressed to shape in dies. During sintering, the 
wax volatilizes from the specimen leaving a porous 
metal mass. 

Porous metal filters are generally used for removing 
from gases or liquids small foreign particles that would 
pass through the finest conventional screens. Metallic 
filters are now being used for straining locomotive Diesel 
fuels. Porous elements confining a desiccant permit the 
passage of gas through the drying agent without the 
entrainment of the desiccant in the gas stream. The 
familiar Gooch crucible is now being made of porous 
stainless steel. 

Millions of cup-shaped filters of porous nickel per- 
formed an important function in the mercury safety 
switch associated with the variable time-fuze of high ex- 
plosive ammunition. The cup retained the mercury 
during normal handling of the shell. Upon firing, how- 
ever, the spin of the projectile forced the mercury 
through the pores of the cup and closed an electrical cir- 
cuit for operating radio equipment within the projectile. 
The radio equipment caused the shell to detonate in the 
vicinity of the target. Too rapid flow of mercury 
through the cup would have resulted in detonation of 
the shell in the gun or in proximity to the gun crew. 
Needless to say, close inspection insured that the cups 
were manufactured to an exact degree of porosity. 

Another porous metal item developed by the British 
during the past war was an airplane de-icing strip. The 
strip was made of corrosion resistant cupro-nickel (70 
per cent Cu and 30 per cent Ni) and was built into the 
front edges of the wings. A fluid was pumped through 
the strip and prevented the formation of ice on the 
wings. 


REFRACTORY METALS 


The refractory metals, tungsten, molybdenum, tan- 
talum, and columbium, are successfully processed by 
powder metallurgy methods. These metals have very 
high melting points ranging betwen 1950° and 3370° C. 
In processing them, powder is compacted into a bar with 
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equipment like that shown in Figure 2. The pressed 
bar is sintered by the passage of a current of several 
thousand amperes through it. With tungsten or molyb- 
denum an atmosphere of hydrogen is maintained during 
sintering, but tantalum and columbium are sintered in 
vacuum because of their great affinity for gases, includ- 
ing hydrogen. After sintering, the bar is swaged, rolled, 
or drawn. In producing fine tungsten wire, initial 
drawing of swaged metal is carried out in tungsten car- 
bide dies and diamond dies are used in the final stages of 
drawing. 

Tungsten is well known in the form of electric light 
filaments. Columbium or tantalum are used in elec- 
tronic tubes because of their ability to absorb gases. 
Molybdenum heating elements in hydrogen atmosphere 
sintering furnaces afford temperatures up to 2000°C. 
Tantalum with high strength and ductility is an excel- 
lent material for chemical processing equipment since 
tantalum is totally inert to hydrochloric acid, nitric 
acid, and boiling aqua-regia. Tantalum metal may also 
be substituted for broken bones in the human body. 


CEMENTED CARBIDE TOOLS AND DIES 


Cemented carbides are fabricated by bonding the 
carbides of tungsten, tantalum, or titanium by means of 
metals such as cobalt or nickel. After being sintered, 
cemented tungsten carbide has a specific gravity in the 
vicinity of 15, is extremely hard, and readily scratches 
glass. The characteristic hardness of carbides is utilized 
to advantage in drawing dies that are subject to heavy 
abrasion. The ability of the carbides to retain their 
hardness at high temperatures has resulted in their wide 
application for machine tools. Most metals can be 
machined with carbide tools and carbide drills readily 
pierce ceramics. 


ELECTRICAL CONTACTS 


Electrical contact materials, fabricated from metal 
powders, are incorporated into circuit breakers and 
electrical relays. A contact is comprised of a thin metal 
facing brazed to a copper backing. In an electrical cir- 
cuit, two contacts bearing on each other permit the 
passage of current but upon being separated the current 
is interrupted. The contacts are expected to interrupt 
current flow without welding to each other. In addi- 
tion, contacts must have good electrical conductivity 
and resist wear. In telegraph relays, which may make 
as many as six million breaks per day, sintered contacts 
perform satisfactorily for long periods of time. 

Since copper and tungsten are not soluble in each 
other, these metals cannot be alloyed by conventional 
melting methods. Powder metallurgy, however, per- 
mits the fabrication of electrical contacts from these 
two metals .and the sintered products have excellent 
conductivity and refractory characteristics. 


FRICTION MATERIALS 


Friction materials for brake and clutch linings are 
produced from mixtures of metal powders and powdered 
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substances such as graphite, silicon carbide, and alu- 
mina. The mixed powdered materials are pressed into 
sheet form which may be several hundred square inches 
in area. After sintering, the sheets are cut up into 
pieces as required. For additional strength, the fric- 
tion facings are usually bonded during sintering to steel 
backing plates. Friction materials produced from pow- 
ders have been used for several years in trucks, tractors, 
agricultural machinery, and airplanes. Figure 3 illus- 
trates the type of sintered metal clutch facings that are 
used in automotive and earth-moving equipment. 


ALNICO MAGNETS 


Permanent magnets of the Alnico type, with high 
magnetic strength, are familiar to everyone. Alnico is 
an iron base alloy containing, as the name implies, alu- 
minum, nickel, and cobalt. When made by casting 
methods, expensive grinding operations are required to 
maintain close dimensional tolerances, since the Alnico 
materials are difficult to forge or machine. Small mag- 
nets of controlled composition can be sintered to close 
dimensional tolerances with little or no grinding. The 
powder metallurgy process successfully competes eco- 
nomically with casting methods in the manufacture of 
magnets weighing less than two ounces. 


ORDNANCE APPLICATIONS 


The well-established powder metallurgy products 
such as porous bearings, sintered friction materials for 
brake linings, and cemented carbide tools and dies per- 
formed important functions in the past war. High den- 
sity parts of sintered iron and copper were substituted to 
some extent for parts that are normally machined from 
bar stock. Components for automatic rifles, iron pole 
pieces in Signal Corp field telephones, and bronze bomb 
sight parts were manufactured from metal powders. 





Courtesy of Fansteel Metallurgical Corporation 


Figure 2. 3000-Ton Press Used for Compacting Refractory Metal 
Powders into Bars Suitable for Sintering 
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Courtesy of S. K. Wellman Company 


Figure 3. Clutch Facings Consisting of Sintered Metal 
Bonded to Steel or Copper Supporting Plate 


Domestic projectiles equipped with sintered copper or 
brass rotating bands functioned satisfactorily in limited 
firing tests. The sintered bands could not compete on a 
cost basis, however, with bands cut from wrought cop- 
per tubing. Shell rotating bands of sintered iron were 
extensively substituted for copper bands by the Ger- 
mans. The Germans also used tungsten carbide cores in 
ammunition for antitank weapons. The high density of 
cemented tungsten carbide is a contributing factor to 
effective penetration of thick armour plate. 


DUCTILE TITANIUM 


Ductile titanium has recently been developed on a 
pilot plant scale by the U. 8. Bureau of Mines. Prior to 
this development, ductile titanium had been produced 
only on a laboratory scale and by methods that were not 
suitable for large-scale commercial production. Tita- 
nium sheet, rod, and wire products are now being fabri- 
cated by powder metallurgy methods. Undoubtedly, 
titanium will assume an important role in metal compo- 
nents of the future. Titanium ranks ninth in abundance 
of all the elements in the earth’s crust. It has a specific 
gravity of 4.5 as compared to 7.86 for iron. Pure tita- 
nium can be processed to have properties comparable 
with medium strength steels. In addition, pure tita- 
nium has corrosion-resistant properties similar to those 
of 18-8 stainless steel. 

When heated, titanium reacts chemically with hydro- 
gen, oxygen, and nitrogen and becomes brittle. The 
brittle character of impure titanium does not permit 
shaping. To avoid the absorption of gases titanium 
powder is pressed and then sintered in vacuum. By 
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means of cold or hot working procedures with vacuum 
anneals at various stages of working, sintered titanium 
is successfully shaped into ductile sheet and wire. 


PRESENT LIMITATIONS OF THE POWDER 
METALLURGY PROCESS 


Powder metallurgy practices are becoming less of an 
art since educational institutions and commercial labo- 
ratories are becoming interested in the scientific prin- 
ciples that are involved in forming metal powders into 
sintered products. With further research some of the 
present limitations of the sintering process will be over- 
come. At present the cost of metal powders is high. 
On the other hand, production facilities for the manu- 
facture of metal powders increased greatly during the 
war. In due time low-cost metal powder will become 
available when additional metal powder manufacturing 
facilities are established. 

During compacting of dry powders pressure is not 
uniformly transmitted throughout the powder mass. 
Dry powders also do not readily flow around corners. 
Large parts and very complex shaped parts are, there- 
fore, difficult to manufacture from dry powders. Re- 
pressing or forging treatments are generally required to 
produce parts of theoretical density from metal pow- 
ders. Hot pressing offers a means of producing dense, 
complex-shaped parts, but mold materials that have 
high strength at high temperatures have yet to be de- 
veloped. 

Since the porosity of sintered metal may be varied, a 
wide range of mechanical properties may be achieved. 
Highly porous sintered metal and sintered metal-ce- 
ramic compositions are unique products of the powder 
metallurgy process. In addition, high production rates 
and the elimination of machining procedures allows the 
powder metallurgy process to compete with other stand- 
ard methods of manufacture when the size and design 
of the product permits the use of compacting techniques. 
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To the Editor: 


With reference to your February editorial comment 
on flavoring (page 109), I suggest checking the recent 
announcement of International Minerals and Chemicals 
Corp., San Jose, California, that monosodium gluta- 
mate, their product, is now available to the retail trade 
packaged in quantities convenient for household use. 

From personal experience I predict many pleasant 
surprises as the public becomes acquainted with this 
savoring agent. 


R. R. Gates 


San JosE, CALIFORNIA 


To the Editor: 

It has been interesting to read in your journal articles 
on the subject of chemistry and liberal arts. May I 
add my two-bits worth to this discussion? 

To me the most effective line of reasoning seems to 
be that one seeking a liberal education cannot afford to 
neglect a field of knowledge that covers so vast an area 
and is so pertinent to human life and welfare. Stu- 
dents in government and social sciences would do well 
to remember that, ‘“‘The fate of nations is in the hands 
of the chemist, on his balances, and in his crucibles,”’ 
and that this applies to the fate of nations both in war 
and in peace. 

Assuming the place of chemistry in the liberal arts 
college is hardly a debatable subject, the question of 
what constitutes a liberal arts college is still not clari- 
fied. It is my personal observation that in order to 
function as a liberal arts college the institution needs 
to be cosmopolitan. <A college cannot be at the same 
time provincial and liberal. The time to discourage 
provincialism in education has arrived some time ago 
but accrediting agencies have failed to consider this 
factor in their appraisals. 

Discussions of liberal arts seem to focus primarily 
upon exactly what type of information should be 





imparted, whereas the early American liberal arts 
college was concerned primarily with the type of gradu- 
ate turned out. We now seem to be attempting to 
substitute information for ideals. It would be well if 
all so-called liberal arts colleges keep in mind the funda- 
mental purpose of the early college to train for citizen- 
ship in a democracy, the ideals being religious freedom, 
democracy, and personal honor. Can we continue to 
add to an architectural structure without extending its 
foundations? 

CHARLES C. SNow 
DoaNnE COLLEGE 
CretTE, NEBRASKA 


To the Editor: 

The description of the demonstration experiment 
showing the reaction of chlorine and hydrogen iodide 
gases (E. C. Gillette, Jr., and F. S. Rose, J. Cuem. 
Epuc., 25, 257 (1948), reminds me of an interesting 
variation, often obtained unintentionally when the HI 
generator does not produce enough HI. With consider- 
able excess chlorine, for example by using glass cylin- 
ders of equal size, the initial flash of light and formation 
of violet vapor and crystals will be followed by the ap- 
pearance of a reddish liquid (iodine chloride ICl), which 
condenses and runs down the cylinder walls. As more 
chlorine comes down, by diffusion and convection, the 
red liquid is converted to yellow crystals of iodine tri- 
chloride ICl;, and if chlorine is finally present in excess 
nothing will remain except these yellow crystals. 

The experiment is more effective: when, as Gillettte 
and Rose suggest, the chlorine (the less dense) gas is 
placed on top. However, it may be varied, especially 
if the demonstrator sees that too little hydrogen iodide 
is present, by immediately inverting both cylinders to 
promote rapid mixing. 

Crcit V. Kine 


New York UNIvERsIry, 
New York 


TRAINING CONFERENCE ON INDUSTRIAL EXPERIMENTATION 


A FIVE-DAY training conference in Industrial Experimentation will be offered by the Engineer- 
ing School of Columbia University, New York, September 14-18, 1948. The course is intended 
to provide both formal and practical insight into fundamentally effective techniques for persons 
with a background of experience and at least one course in statistics, quality control, or the 


equivalent. 


Further inquiries and requests for brochure and applications may be addressed to Professor 
S. B. Littauer, Department of Industrial Engineering, Columbia University, New York City 27. 
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Keceut- Sooke 


@ THE SULFONAMIDES AND ALLIED COMPOUNDS 


Elmore H. Northey, Administrative Director, Stamford Research 
Laboratories, American Cyanamid Co., Connecticut. American 
Chemical Society Monograph Series. Reinhold Publishing Corp., 
New York, 1948. xxvii+ 660 pp. 323 tables. 16 X 23.5 cm. 
$12.50. 


Now rTuar the feverish pace of research in the field of sulfon- 
amide drugs has slackened a bit, it is an appropriate time to 
take stock of the present state of knowledge. This book does 
exactly that. It is a critical and comprehensive review of the 
sulfonamide drugs and allied compounds, no attempt having been 
made to cover sulfonamides in general. The sulfones related to 
sulfanilamide have been included, as have the sulfoxides, sulfides, 
and disulfides. There are theoretical reasons for believing that 
no sulfanilamide derivative can have greater antibacterial ac- 
tivity than some of those now in use. Nevertheless, much im- 
portant work remains to be done in the field and this volume 
should make the undertaking of such projects a little easier. 

This monograph contains chemical, bacteriological, pharma- 
cological, and medical data. 'The emphasis is on chemistry, even 
though only 599 of the 2668 references cited are primarily chemi- 
cal. The author discusses laboratory syntheses, manufacturing 
methods—including those patented but not used, testing in all 
its ramifications and intricacies, and medical uses. There are 
5400 compounds listed, some not previously reported in the litera- 
ture but disclosed to the author for publication in response to his 
circularization of persons known to be active in the field. The 
data on all these compounds are contained in extensive tabu- 
lations that make up slightly more than half of the book. For- 
tunately, most of the data are competently and clearly summar- 
ized. The literature has been covered through 1944, except for a 
few foreign journals of which, presumably, the most recent num- 
bers were not available. 

The chapter headings are: ‘History of Bacterial Chemo- 
therapy,” ‘“‘Nomenclature, Classification and Synthesis of Sulfa- 
nilamide Derivatives,” ‘Structure and Activities of Simple Sulfa- 
nilamide Derivatives’ (Chapters IV to VII treat similarly the 
structure and activities of more highly substituted sulfanilamide 
derivatives and of certain groups of related compounds, particu- 
larly sulfones), “Experimental Evaluation of Chemotherapeutic 
Activity,” ‘Relation of Structure to Chemotherapeutic Activity,” 
“Pharmacology of Sulfonamide and Sulfone Drugs,” ‘“Theories of 
the Mechanism of Action of Sulfonamide Drugs,” and “Clinical 
Evaluation of Sulfonamide Drugs.” The appendix contains an 
extensive list of trade names, including 61 for sulfanilamide alone. 

The treatment is quite critical for a work of such great scope. 
Chapter VIII on evaluation of activity, written by Harold J. 
White, is particularly informative and critical. An essentially 
complete picture of the problem is given without the details 
needed only if such work were to be undertaken. Nevertheless, 
the subject is carried far enough to be of the utmost use even to 
anyone beginning such research. The chapter on pharmacology, 
written by J. T. Litchfield, Jr., appears to be somewhat more 
technical and possibly a little harder to follow, but certainly 
should be of great interest to all chemists interested in the study 
of drugs. The final highly condensed and probably less critical 
chapter on clinical evaluation “is not intended as a therapeutic 
guide but as a research tool.” As a brief summary of medical 
uses it is interesting and helpful, for as the author says, “Success 
or failure in medical practice is the criterion by which experi- 
mental results are finally judged.” Chapter XI, fascinating 
though it is, will leave one in no doubt about the confusion and 
uncertainties regarding the mode of action of these drugs. No 


theory is entirely satisfactory and none has been of much help in 
directing further synthetic work. Chemotherapy remains a 
highly empirical science, with important discoveries coming pri- 
marily from testing large numbers of compounds. The early 
chapters contain many helpful suggestions on the synthesis of 
sulfonamides. The synthetic methods used in preparing the 
sulfonamides and the important intermediates are, in fact, covered 
quite thoroughly. The evaluation of the patent literature is ex- 
cellent. A bewildering array of seemingly completely impracti- 
cal syntheses for well-known sulfonamides have been patented, 
largely because, as the author points out, most European coun- 
tries do not permit the patenting of the compounds themselves. 

In spite of its comprehensive character, this is an excellent book 
for the general reader. The mass of data has been segregated 
into tables separated from the body of the text. There are clear 
and informative summaries. The pharmacological summaries for 
each subclass of compounds are particularly good. Anyone with 
even a casual interest in the subject will enjoy the whole of Chap- 
ter I, and probably also certain others. Research workers in the 
field covered and serious students of the subject will, of course, 
wish to study the book carefully in its entirety, for no matter how 
extensive their knowledge few if any will have surveyed and ana- 
lyzed the available data as meticulously as the author has. 

Although clearly written for a scholarly monograph, this book 
does apparently presuppose a moderate acquaintance with the 
fields covered, since many of the important terms, concepts, ideas, 
theories, and procedures are mentioned repeatedly long before 
they are specifically discussed in a definitive fashion. 

This volume will be revealing indeed to anyone who may have 
been led to believe that the enormous amount of effort that has 
gone into the study of sulfa drugs has resulted in the solution of 
most of the problems. It contains much food for thought, espe- 
cially regarding the inadequacies of theories of mechanism of 
action. It should stimulate further research on this and other 
aspects of the subject. 

Since the peak of activity in this field of research seems to have 
been reached several years ago, and since in light of the apparent 
lesser present prospect for substantial financial rewards this de- 
gree of activity seems unlikely ever to return, this book probably 
will long remain the definitive and authoritative work in the 
field. 

LAWRENCE H. AMUNDSEN 


UNIVERSITY OF CONNECTICUT 
Storrs, CONNECTICUT 


* THE DISSOCIATION ENERGIES AND SPECTRA OF 
DIATOMIC MOLECULES 


A. G. Gaydon, Warren Research Fellow of the Royal Society, 
London. John Wiley & Sons, Inc., New York, 1947. xi + 239 
pp. 39 figs. 16 tables. 4 plates. 145 X 22cm. $5. 


AccuraTE values of the energy of dissociation of diatomic: 
molecules are of considerable interest to the chemist. Applica- 
tion to problems of thermochemistry and reaction kinetics are 
obvious, to mention only two of many fields. When use can 
be made of spectroscopic data, very precise values of the energy 
can be obtained. Unfortunately many ambiguities arise, both in 
the methods of treatment of such data and in interpretation of the 
data. Thisis especially apparent in the case of the most common 
molecules, as Oz, Nz, and CO. The author has given a thorough 
and critical discussion of most cases of interest and has tabulated 
data on some 250 molecules and ions. 

After a review of the principles of molecular spectroscopy the 
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principal spectroscopic methods used are discussed in some detail. 
The approximations in the methods and uncertainties in the data 
are clearly pointed out. Nonspectroscopic methods are briefly 
discussed also. The final chapters contain detailed discussions of 
the more important cases, supplemented by many references to 
orginal papers. 
A. B. F. DUNCAN 
UNIVERSITY OF ROCHESTER 
RocuesterR, New YORK 


e THE KINETICS OF REACTIONS IN SOLUTION 


E. A. Moelwyn-Hughes, University Lecturer in Physical 
Chemistry, Cambridge. Oxford University Press, New York, 
1947. Second edition. viii + 424 pp. 53 figs. 144 tables. 
15.5 X 23.5cm. $8.50. ‘ 


THE AUTHOR wishes to show that the collision theory of gas re- 
actions as developed by Hinshelwood and others may be usefully 
extended to include reactions in solution as well. On the one 
hand, it is found that such reactions as the decompositions of 
nitrogen pentoxide, chlorine monoxide, and ozone proceed at 
roughly the same rates in the gas phase and in neutral solvents 
such as carbon tetrachloride; so thatwhatever may be the explana- 
tion for the gas reaction the same would appear to hold for the 
reaction in solution. On the other hand, for some other reactions 
in solution which cannot be investigated in the gas phase (for ex- 
ample, the formation of ethers from organic halides and sodium 
aleoholate) the absolute rates are not too far (a power of ten) 
from predictions of gas collision theory. 

There are some extreme discrepancies, however. Best investi- 
gated among such cases are reactions involving the union of a 
tertiary amine and an alkyl halide to form the quaternary ammo- 
nium salt—the Menschutkin reaction. For such reactions the 
ratio of calculated to observed rates attains astronomical values— 
10‘ to 10%. Just how results of this sort are to be interpreted re- 
mains something of a puzzle, though Eyring’s concept of an en- 
tropy of activation is proving useful. Other large deviations for 
ionic reactions are somewhat more understandable in terms of 
Brénsted’s views as to the charge relations. In both these groups 
there are pronounced solvent effects as might be expected. 

This second edition contains about’ 100 pages more than the 
first edition, which appeared in 1933. The increase is due not so 
much to the introduction of new experimental material as to a 
more elaborate consideration of such features as ion-ion and ion- 
dipole interaction, and the effect of pressure on rate. The treat- 
ment is reasonably complete up to the outbreak of the war; sub- 
sequent work, according to the preface “‘. . . has been negligible in 
this country and unimportant elsewhere.” 

Specialists in reaction kinetics will find this a valuable collec- 
tion of data and an interesting treatment of a difficult field. The 
introductory chapters should appeal to the general reader also. 


ROBERT N. PEASE 


PRINCETON, UNIVERSITY 
Princeton, NEw JERSEY 


e ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY. 
VOLUMEI: A TO ANTHRIMIDES 


Edited by Raymond E. Kirk and Donald F. Othmer, Professors 
and Heads, Departments of Chemistry and Chemical Engineering, 
respectively, at the Polytechnic Institute of Brooklyn. Assistant 
Editors, Janet D. Scott and Anthony Standen. The Inter- 
science Encyclopedia, Inc., New York, 1947. xxiv + 982 pp. 
19 X 27cm. $20. 


Tuts votumE is the first of a ten-volume set in which the re- 
maining volumes are to appear at the rate of two or three a year. 
The book has been printed on heavy grade paper and sturdily 
bound so that it will withstand the hard usage given 4 reference 


work. 
Those who have used Ullmann or Thorpe will rejoice at the 
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appearance of an encyclopedia that presents modern American 
practice. The editors state: ‘This work has been organized as a 
specialized encyclopedia. . .designed to present the entire field of 
chemical technology for professional chemists and chemical engi- 
neers who may wish to know the methods that are employed ina 
special field.... It is intended both for those working in indus- 
try and for those in universities and other research institutions. . . 
it should prove an aid in the training of students by helping to 
reduce the notorious time-lag between technological practice and 
the illustrations used in student courses.” 

Each subject entry of importance is written by a man well 
known in that field, as Alkali and Chlorine by Z. G. Deutsch, 
Alkylation: by R. N. Shreve, Aluminum by J. D. Edwards, 
Analytical Chemistry by G. B. Heisig, E. B. Sandell, and F. M. 
Biffen. Other equally well-known signatures appear at the end 
of their sections. 

The material in each topic is balanced in the viewpoints given. 
Thus, The Theoretical Aspects of Adsorption, by P. H. Emmett, 
are discussed by both descriptive and mathematical methods, 
and The Industrial Aspects of Adsorption, by E. Ledoux, 
are shown. A bibliography of leading articles on the subject 
is at the end of each section. Both unit operations and unit 
processes of chemical engineering are included. Absorption, 
by E. G. Scheibel, discusses equipment and its design, interpreta- 
tion of absorption data, and the two-film theory of diffusion. 
Amination by Reduction, by P. H. Groggins, discusses the proc- 
esses used, design, and construction of equipment and the tech- 
nical preparation of several industrially important amines. 

.This set of encyclopedias is recommended for all reference 
libraries, both industrial and collegiate. Small colleges should 
consider this set a necessary supplement to their work in chemis- 
try to augment the brief information given in most textbooks. 
Instructors and students alike will use it constantly. 

KENNETH A. KOBE 


UNIVERSITY OF TEXAS 
Austin, TEXAs 


2 TEXTBOOK OF CHEMISTRY 


Albert L. Elder, Director of Research, Corn Products Refining 
Co., Ewing C. Scott and Frank A. Kanda, Associate and 
Assistant Profs. of Chemistry, Syracuse University, respectively. 
Harper & Brothers, Publishers, New York, 1948. vii + 758 pp. 
217 figs. 64 tables. 16 X 24cm. $4.50. 


THE First edition was published in 1941 under the authorship 
of A. L. Elder. A review was published in the JouRNAL oF 
CHEMICAL Epucation, 18, 449 (1941). Now, as then, the book 
is planned for students who are interested in science, can solve 
problems if arithmetic, enjoy laboratory work, and have an in- 
quiring mind. Logically, the text is divisible into four parts. 
The first part, comprising nine chapters and 114 pages, is devoted 
to the general principles of chemistry. These principles include 
the molecular, atomic, and electrical natyre of matter. The re- 
sults of cloud chambers, spinthariscopes, x-ray spectra, mass 
spectrographs, and other modern evidence are used in establishing 
these principles. Electron arrangements, periodic table, names 
and formulas of compounds, valence, and types of reaction are 
fully discussed before any single substance is introduced for pur- 
poses other than to illustrate a general principle. Chapters 10 
to 28, comprising pages 115 to 486, inclusive, are devoted to the 
nonmetals and the interspersed topics: liquids and solids, solu- 
tions, ions, acids, bases and salts, chemical equilibria, electricity 
in chemistry, and colloids. Chapters'29 to 37, pages 487 to 645, 
treat the metals. Chapters 39 and 40, pages 646 to 731, are en- 
titled ““Nuclear Chemistry’”’ and ‘‘Carbon and Its Compounds.” 
A large part of the preface is addressed to the student. The sug- 
gestions which it makes are excellent. 

The early introduction of much theory permits a more scien- 
tific discussion of the elements when they are first introduced than 
is possible when chapters devoted to specified elements appear 
early in the text. The early appearance of general principles 
requires careful presentation and the authors meet this require- 
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ment. Diagrams, pictures, tables, and graphic descriptions 
should make all general ideas clear enough for use if proper effort 
is made to master each idea as it is presented. Much rearrange- 
ment of data, rewriting, omission of obsolescent material, and in- 
clusion of newer discoveries are to be found in the revised edition. 
However, the two editions are not fundamentally different. 
Principal quantum shells are still labelled ‘‘energy levels.”” Three 
pages later the explanation reads, ‘‘even though the N level is a 
higher energy level than the M level, one of the orbits in the N 
level actually has a lower orbital energy than several of those in 
the M level. ..the overlap of orbital energies is even greater be- 
tween the N and O levels.’”’ But every other freshman text uses 
the same label and some of them do not admit the inadqeuacy of 
the label. The number of errors, typographical and others, is 
small. The first sections dealing with general principles and gen- 
eral topics are especially well written. ; The chapters devoted 
to named elements differ from the usual freshman text only in 
the groupings of elements. One chapter, entitled ‘‘Metals Used 
in the Steel Industry,” includes eleven metals. 

The revision is modern, clearly written, and arranged for those 
who desire theory before its application. It is designed for science 
students and is unlikely to seem mere repetition to those who have 
had high-school chemistry. Nevertheless, it is complete for 
those who have had no previous course in chemistry, and compre- 
hensive enough to need a full year’s time for its study. 


F. E. BROWN 


Lowa STATE COLLEGE 
Ames, lowa 


& PRACTICAL ORGANIC CHEMISTRY 


Arthur I. Vogel, Head of Chemistry Department, Woolwich 
Polytechnic, London. Longmans, Green and Co., London and 
New York, 1948. xxiii + 1012 pp. With diagrams and 8 photo- 
graphs. 16.5 X 25.5cm. $10.50. 


Ir ONLY one manual were available for an entire career in the 
undergraduate organic laboratory, this text would serve the pur- 
pose. There are so many different things under one cover that 
the writer will review the book by chapters. 

The forty-six pages on the theory of distillation, melting, solu- 
tion, and separation are more comprehensive than what is given 
in most introductory laboratory manuals, especially on the sub- 
ject of phase transitions. The discussion of experimental tech- 
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niques (185 pp.) includes all the beginning operations as well as a 
molecular distillation. Special comment is due for the excellent 
clarity of the more than 200 diagrams of apparatus in this section. 
Apparatus available in both Great Britain and the United States 
equipped with ground glass joints (28 pp.), including the newer 
ball and socket type, is described. 

Chapter III on aliphatic chemistry (261 pp.) gives directions for 
making 170 compounds plus many cognate preparations. For 
each homologous series commonly studied in beginning organic 
chemistry there is an outline of the reactions used (a little more 
than equations), directions for preparing a member of the series 
or several, test-tube reactions for identifying the functional group, 
and a table of the common members of the series which delinates 
physical properties and also includes melting points of appropriate 
derivatives. Directions for preparations are as detailed as those 
of “Organic Syntheses” and helpful notes and precautions are 
given throughout. Syntheses involving nitroparaffins and com- 
pounds available from them are absent. 

The order just described is followed for aromatic compounds 
(294 pp.) and a few heterocyclic and alicyclic compounds (14 
pp.). The miscellaneous reactions of Chapter VI are no more so 
than many included in other chapters and I see no reason for 
making this division. Actually the miscellaneous reactions are 
described in short chapters or organic reagents (20 pp.), where 
there are half a dozen organic precipitating agents for inorganic 
ions, selected dyestuffs (14 pp.), physiologically active compounds 
(16 pp.), and synthetic polymers (10 pp.). 

In experimental techniques, this book is better than most be- 
ginning organic laboratory manuals; in preparations it is com- 
parable to or better than that of Vanino; as a laboratory manual 
for qualitative organic chemistry the content (67 pp. in one chap- 
ter) suffers from being scattered throughout the volume and 
cannot be as useful as a number of available texts. 

In an appendix there is a survey of the literature of organic 
chemistry which includes inter alia a short exposition of the 
Dyson system. 

I was surprised to find the following: the use of 5-nitro-salicy]- 
aldehyde with NiCl, for detecting primary amines, a compara- 
tively new reagent, when others previously found valuable in 
this country are omitted; a resolution of 2-octanol; and a 
method of activating copper bronze for the Ullmann reaction. 


LEALLYN B. CLAPP 


Brown UNIVERSITY 
PROVIDENCE, Ruope IsLANnpD 


SELECTING RESEARCH PROBLEMS FOR STUDENTS 
(Continued from page 516) 


remain is many times greater. Of these 3,000 com- 
pounds hundreds have become available, only recently, 
which means that few of their possible derivatives have 
been prepared. 

The advertisements in Chemical and Engineering 
News and in other chemical publications are exciting 
reading to the research-minded. Various corporations 
display lists of organic compounds which are now to be 
had, some in drum lots and some in tank cars. Charts 
are published giving typical reactions and the reader is 
invited to write for bulletins giving more information. 
Some of these compounds have been sold previously at 
from. 10 to 30 cents a gram and some were not even 
listed. This means that comparatively little work has 
been done on them and that almost anything that can 


be made from them will be new. The corporations that 
are promoting these compounds are usually liberal in 
furnishing information and, sometimes, free samples to 
educational institutions. It is to their interest to have 
research on them published. Almost any one of these 
advertisements can suggest attractive problems for 10 to 
50 students. 

. Many institutions give courses in qualitative organic 
analysis in which alcohols, acids, aldehydes, ketones, 
and other classes of compounds are identified by crystal- 
line derivatives. Among the compounds now on the 
market there are many for which suitable crystalline 
derivatives is a worthwhile research problem which may 
be an extension of the regular course. There is always 
the search for better identifying reagents. 
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Onur DEFINITIONS and our theories are neither “right” nor ‘‘wrong’’; they are useful 

or useless. When we deal with acids and bases it is a mere matter of convenience 
whether we define what we are talking about by means of the red and blue litmus 
criterion, the hydrogen and hydroxyl ion conventions, the solvent reaction theory, 
the donation and acceptance of protons, or the formation of dative covalent bonds. 
We should start out with the acceptance of those definitions and terms that best 
serve our purpose—the purpose usually being to convey “understanding” of as 
wide an array of phenomena as possible with the least efforé. 

Authors in Tuts JoURNAL have frequently debated the pros and cons of the 
various theories of acid-base behavior in current use; this is hardly the time and 
place to reopen and review the discussion. But I feel I should not permit the im- 
plications of Dr. Campbell’s article, published elsewhere in this issue, to pass un- 
noticed. 

To most of us there seems good reason to enlarge the old-fashioned defini- 
tions of acids and bases which limited them to substances yielding hydrogen and 
hydroxy] ions in solution. Some of us thought it useful to go as far as the proton- 
donor and acceptor stage; others thought it worth while to go further and include 
among acids and bases those substances which can, respectively, accept or donate 
electron pairs in the formation of coordinate bonds. This last definition (the so- 
called ‘Lewis theory’) has been, up to the present time, about the most inclusive 
conception of acid-base action. Dr. Campbell proposes to go even further, seeing 
acids and bases in all electron transfers. 

Since fully one-half of all chemical reactions fall in this category it only re- 
mains to find some basis for including metathetica! reactions and we shall have all 
of chemistry neatly encompassed within the properties of acids and bases! We 
shall then have to start the process again of breaking down our broad classifica- 
tions into smaller, more useful ones, inventing some new terms. 

It is, of course, quite possible to call metallic sodium a base when it reacts 
with the acid, elementary chlorine. With some adjustment of our preconceptions 
we can consider oxygen an acid in the combustion of coal and the reduction of iron 
ore. We can see acids and bases in the electrodeposition of metals, and indeed 
identify acids with most (perhaps all) oxidizing agents. 

But what does this gain us? It makes our definitions of acids and bases so 
broad that these categories must be subdivided before they become useful for ordi- 
nary purposes. 

The development of science goes on by both differentiation and integration. 
We classify facts by differentiation, dividing up our observations into convenient 
parcels, to which we give various names for easy recognition. Eventually, the par- 
cels become so numerous as to be confusing. Maybe we can pile some of them 
together so as to have fewer names. We integrate. But if we continue this indefi- 
nitely we have one, big, undifferentiated pile again. The question is: How big a 


pile do we want? : 
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Chemical Education in 


American Institutions 








Osrrun COLLEGE, with its two thousand students in 
a college town of four thousand inhabitants, lies in 
northern Ohio, among the national thoroughfares be- 
tween East and West. In a quiet atmosphere and yet 
within touching distance of the main streams of national 
life, its students live and work in one of the traditional 
types of American college. In these days when other 
kinds of educational institutions are expanding so rapidly 
it may be well to consider in what ways an independent 
college contributes to chemical education. 

It is natural that Oberlin, founded in 1833 “for the 
diffusion of useful science, sound morality, and pure re- 
ligion among the growing multitudes of the Mississippi 
Valley” should have strong science departments. Dr. 
James Dascomb, the first professor appointed to the 
new institution, was a professor of science. A graduate 
in medicine from Dartmouth, he served as professor of 
chemistry, botany, and physiology from 1834 to 1878, 
lecturing and giving demonstrations in general chem- 
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LUKE E. STEINER 
Oberlin College, Oberlin, Ohio 


istry to the men and women of the college in the second 
terms of their junior and senior years. Thus, chemistry 
at Oberlin has had a place in the college program for 
more than a century. Laboratory instruction in chem- 
istry was introduced in 1878 by Professor William K. 
Kedzie. <A brilliant young man, he served only a little 
more than a year because of ill health. Frank Fanning 
Jewett was appointed professor of chemistry and miner- 
alogy in 1880. Following his graduation from Yale he 
studied chemistry and mineralogy at the Sheffield Scien- 
tific School at Yale and at Géttingen University. One 
of his first students was Charles M. Hall who, in 1886, 
just after graduation from college, discovered his elec- 
trolytic process for preparing pure aluminum. One of 
Jewett’s later students, Clarence W. Balke, received the 
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Perkin Medal in 1948 for his work on the rare: metals. 
Under Jewett the department grew; when he retired in 
1912 the department had two young men, William H. 
Chapin and James C. McCullough, on the staff. In 
1914 Harry N. Holmes was appointed professor of 
chemistry and head of the department. Under his 
leadership the department sent a stream of graduates 
with the bachelor’s and master’s degrees to the graduate 
schools and to industry. By the time he retired in 1945 
the staff of the department had increased to five men of 
professorial rank, a research instructor, and three half- 
time graduate assistants. 

The three men, Dascomb, Jewett, and Holmes, illus- 
trate in their own training and the courses they gave, 
the history of chemistry in America. Their combined 
years of service at Oberlin make the impressive total of 
one hundred and ten years. More than a century ago 
Oberlin, a pioneer in several aspects of chemical educa- 
tion, introduced chemistry into the college curriculum. 
Through Dascomb’s lectures both men and women stud- 
ied chemistry as part of their general education. Jew- 
ett, trained at Yale and in Germany, and Holmes, 
trained at Johns Hopkins, brought:to Oberlin the best 
chemical training of their times. Jewett developed the 
curriculum beyond the general chemistry course, en- 
couraged able inventors of chemical processes, planned 
the present laboratory building, and began to build the 
staff. Holmes strengthened the major and graduate 
work and developed chemical research within the de- 
partment, leaving a department of recognized standing, 
accredited by the American Chemical Society for the 
training of chemists. His unusual qualities in develop- 
ing chemistry in a college were recognized in his elec- 
tion to the presidency of the American Chemical Society 
in 1942, | 

The department of chemistry in an independent col- 
lege has a place of its own in chemical education. It is 
not dominated by a graduate school and yet, as studies 
of the National Research Council have shown, it com- 
petes favorably with the universities in the relative 
number of its graduates it sends to the graduate schools. 
[t devotes part of its energies to the general education of 
liberal arts students but its major courses are not over- 
shadowed by the service courses for the applied sciences. 
{In the liberal arts setting it works with students as in- 
dividuals, developing their capacities as men and 
women. For both the general student and the chemistry 
major it is concerned primarily with furnishing an 
education fundamental enough to serve as a basis for 
their continuing development. ; 

The value of a broad, basic education for specialists 
is becoming increasingly apparent. If chemists are to 
occupy positions of leadership and responsibility they 
must understand the background and interrelation of 
the complex factors in modern society. The liberal arts 
college with its traditional emphasis on integrating and 
balancing the various areas of knowledge tends to meet 
this need and the chemistry students within the college 
benefit. Furthermore, good intellectual standards in 
other departments supplement and reenforce the work 
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in chemistry. Logic, correlation of facts, critical evalua- 
tion of theory, and keenness of analysis of situations can 
be developed in courses other than chemistry. Acting 
together through mutual cooperation, the different de- 
partments prepare men and women capable of growth 
in a complex, changing world. They can do it to a de- 
gree they could not, acting separately. For students 
who are to advance beyond the technician level to the 
professional level we believe that undergraduate work 
in a college offers real advantages. 

In Oberlin College, as in many other liberal arts col- 
leges, the amount of work a student may take in any de- 
partment is limited. Except for honors students, no 
more than 40 semester hours of the 124 required for 
graduation are permitted within a department, and no 
more than 36 hours may be required. Within these 
limits a chemistry major must be created. This means 
that all the courses must be fundamental, there being no 
room for applied courses. Every course is under con- 
tinual pressure because new material can be introduced 
only as old material is removed. However, the courses 
themselves may be substantial, for the students come to 
them with a good background. In their preparatory 
work they have had an adequate mathematical back- 
ground, experience in a laboratory science, and enough 
foreign language to learn to read the necessary languages 
without great difficulty. Through selective admission 
based on preparatory work, good both in kind and in 
quality, the college furnishes the department with 
promising students. The department is then under 
challenge to provide courses good enough for its stu- 
dents. 

In Oberlin, students with a chemistry major, like 
others, fulfill the general graduation requirements de- 
signed to acquaint them with the major fields of human 
interest. They have 84 hours outside the chemistry de- 
partment. In the required freshman English composi- 
tion course they develop the ability to read and to com- 
municate ideas. In meeting the foreign language re- 
quirement they acquire a reading knowledge in two for- 
eign languages. Together with all science majors, they 
take a year of college mathematics beyond three years 
of high school mathematics. In addition, the chemistry 
majors take a year of calculus and a year of college phys- 
ics. Graduates with such a background are equipped to 
meet and adjust to a variety of situations in their pro- 
fessional careers. 

The program in chemistry for the chemistry majors 
consists of four-year courses, each for 8 semester-hours 
credit and at least 4 hours selected from the advanced 
courses of the department. The year-courses are gen- 
eral chemistry, elementary physical chemistry and 
quantitative analysis, organic chemistry, and physical 
chemistry. Advanced courses are offered in quantita- 
tive analysis, organic chemistry, physical chemistry, 
chemical thermodynamics, microchemistry, microscopy, 
biochemistry, and chemical research. Two hours of the 
advanced quantitative analysis and 2 more hours in one 
of the other courses are required. Within the 40-hour 
limit students may elect two more courses, subject to the 
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An Aluminum Statue of Charles M. Hall in the Entrance Hall of Severance Chemical Laboratory 


restriction of some of the courses to students of honors 
grade and candidates for the master’s degree. If their 
programs are planned carefully the students find that 
they have time for more mathematics and physics, so- 
cial sciences, and humanities. But, obviously, they 
must make a choice. The chemistry seminar is an im- 
portant part of the major, although it carries no formal 
credit. All major students are expected to attend. 
Members of the staff and students working on problems 
report their results and all seniors and graduate students 
report on some subject or journal article. Through 
their talks, sponsored by a member of the staff, the 
students gain valuable experience in organizing material 
and presenting it orally. 

Most of the best chemistry students enter the honors 
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program of the college. 
Candidates must have an 
average grade of B or better 
in all their college work and 
an average grade of B+ o1 
better in their major. 
Honors students in chem- 
istry normally take both the 
organic and physical chem- 
istry courses as_ honors 
courses in their junior year. 
In the senior year they elect 
six ‘hours of advanced 
courses as honors courses 
and carry on a research 
problem for five hours credit. 
They then have 45 hours in 
chemistry, an amount of 
work permitted within a de- 
partment under the honors 
program. Comprehensive 
examinations over their 
major—written examina- 
tions at the end of the senior 
year and oral examinations 
at the end of the junior and 
senior years—complete the 
requirements for honors. 
The degree of honors award- 
‘ed is determined more by 
the examinations and the 
research problem than by 
the quality of course work. 

The department offers 
graduate work leading tothe 
master’s degree. Candi- 
datestake courses within the 
department or in allied de- 
partments for half their 
graduate work and carry on 
a research problem for the 
other half. The physics de- 
partment offers several 
courses excellent for the 
chemistry graduate  stu- 
dents. As was indicated, some of the advanced courses 
in the chemistry department are designed specifically for 
graduate students and honors students. The courses, 
being usually for 2 hours credit, are limited in scope but 
they are taught with graduate rather than undergraduate 
emphasis. They introduce the student to important 
chemical problems in such a way as to encourage him to 
go further on his own initiative. Thus, the courses are 
good for students who go directly into industry as well 
as for those who go on for their doctorate. The gradu- 
ate research programs are, naturally, more ambitious 
than those of the undergraduates. They offer a further 
opportunity to develop professional attitudes and 
knowledge. Practically all of the graduate students 
come from other colleges for it is the policy of the de- 
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partment to send its own graduates elsewhere for their 
graduate work. Three of the graduate students act as 
half-time graduate assistants in the department. 

The department has a strong premedical program. A 
few premedical students complete a chemistry major. 
Many more take the program leading to a ‘‘chemistry- 
premedical’”’ major. This major consists of the first 
three year-courses of the chemistry major, two years of 
zoology, and one year of physics. The students com- 
pleting this major and the general graduation require- 
ments of the college have all the required courses and 
most of the strongly recommended courses for admis- 
sion to the best medical schools. Within the depart- 
ment the premedical students are in the same classes as 
the chemistry students and are taught the same funda- 
mental principles. Hence they are equipped to partici- 
pate in the applications of chemistry to medical science 
with real understanding. In the past practically all 
the chemistry premedical majors who applied have been 
admitted to medical school and have completed their 
medical course. Many of the premedical majors go into 
medical research. We believe that the emphasis in 
their chemistry courses helps to interest them in the re- 
search point of view. 

The present laboratory, Severance Chemical Labora- 
tory, was built in 1901. It is a three-story building 
with high ceilings and exceptionally well-lighted rooms, 
designed according to the ideas of an experienced 
teacher. It has excellent laboratories for the main un- 
dergraduate courses. Over the years the building serv- 
ices have, necessarily, been 
renewed and _ expanded, 
and room use has been 
changed until now every 
corner of the building is 
pressed into service. Pres- 
ent plans call for an addi- 
tion to the building, but the 
present building will remain il 
usable and useful, for it has 
been maintained in excellent 
condition. The chemistry 
section of the excellent col- 
lege library is housed in a 
the laboratory, where it is r 
available to all students 
whenever the building is 
open. The laboratory 
houses a small shop for de- 
partmental use and good 
glass-working facilities. The 
physics department oper- 
ates an excellent instrument 
shop with an instrument 
maker able to build special 
equipment. 

A laboratory is, of course, 
a place in which to work. 
Equipment, supplies and 
services, and general working ° 
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conditions are more important than mere space. Ober- 
lin chemistry students have the personal attention and 
freedom usually reserved in large departments for the 
graduate students. In the informal atmosphere pos- 
sible in a college laboratory the students are in contact 
with experienced teachers who can guide the students 
as individuals both in the laboratory and in the library. 
The students may use any departmental materials they 
need and are qualified to use. They are asked only to 
work with reasonable care. They pay no laboratory 
fees and no laboratory charges except for excessive 
breakage. A by-product, but an important one, is that 
the students learn professional responsibility for the 
laboratory and its contents. With active cooperation 
between students and staff, work goes forward with 
efficiency and with a minimum of loss and breakage of 
equipment. The key man in this happy situation is the 
laboratory custodian and purchasing agent, Ernest H. 
Parke, who has been with the department since 1915. 
He follows the courses and research programs carefully. 
knows what the students will need and when they will 
need it, and sees that the supplies are available. He is 
an invaluable aid to the staff members, relieving them of 
details so that they may spend their time teaching. 
Educational pioneering in chemistry has been in the 
spirit of the department for many years. Its members 
have not hesitated to experiment with course order and 
content. Professor Chapin was one of the first teachers 
of quantitative analysis to teach it from the point of 
view of principles. More than thirty years ago he de- 
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Some of the Instructional Equipment in the Main Lecture Room 


veloped his second-year course to follow the general 
chemistry course, including much theory then taught 
us physical chemistry, and postponing some of the de- 
tails of analytical chemistry for a later course. Today 
the idea of teaching part of the quantitative analysis in 
the senior year after the students have had most of 
their physical chemistry is gaining headway. It con- 
firms Professor Chapin’s prophetic vision. ; 
The course in general chemistry also has its innova- 
tions. Professor Holmes was one of the first to bring 
qualitative analysis into the general chemistry course. 
This step now seems necessary in view of the crowded 
curriculum. But it is also good for the general chemis- 
try students. Almost without exception, they enjoy 
analyzing their unknowns and drawing correct conclu- 
sions from their own experimental work. They study 
the theory with interest when they see how it applies to 
their own work. Holmes was also a pioneer in bringing 
a colloid course into the chemistry curriculum. Through 
his teaching he fostered the research attitude in both 
general and advanced students. All of us know that 
chemistry today is not like that taught yesterday and 
probably not like that to be taught tomorrow. Dog- 
matic teaching is the antithesis of the research spirit. 
Even the freshmen may be introduced to the frontiers 
of chemical knowledge where they meet current prob- 
lems. They learn known facts more willingly if they see 
where the facts lead. They learn them more critically 
if they see how these facts may be related to those we 
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do not yet know about 
matter and energy. 

The place of the general 
chemistry course in a liberal 
arts college program has 
been discussed for many 
years. The course has served 
as a first college course for 
prospective chemistry and 
premedical majors and for 
majors in the other sciences. 
It has also served as a ter- 
minai course for those stu- 
dents who elect it to fill their 
college science requirement 
in the general education 
program. The latter group 
of students is the largest. 
It should, therefore, be con- 
sidered when the course is 
planned. Yet in many 
places it has been so disre- 
garded that curriculum com- 
mittees have tried to devise 
new courses in chemistry 
for the general students. 

At Oberlin we do not 
claim to have solved this 
problem but we have made 
an honest effort to make the 
course intellectually rewarding both to scientist and to 
nonscientist. What the general students want from a 
chemistry course is some understanding of how chemis- 
try operates as a science. They want to know what its 
premises are, how it views the physical universe, what 
explanations it offers for natural phenomena outside the 
laboratory, and in what ways its point of view can con- 
tribute to the other sciences. If they learn why 
chemists develop theories, why they continually revise 
them, the students acquire a good introduction to the 
scientific method as it is used by working chemists. 
In the first semester we place the students who have not 
had high-school chemistry in a special section for they 
need more background material, but otherwise we give 
them the regular course. As beginners they must learn 
more facts and more chemical nomenclature but they 
are not at a serious disadvantage in a course which em- 
phasizes critical understanding rather than memory. 
Every year several of them rank among the best stu- 
dents of the class. 

From the beginning the general chemistry students 
consider the premises and evidence leading to our 
present ideas about the structure of matter. Inciden- 
tally they learn the formulas of the usual simple sub- 
stances. But they also learn that in the earth the sub- 
stances with molecules corresponding to simple formu- 
las comprise but a small part of the substances they deal 
with in ordinary life. They learn that structural chem- 
istry is really needed to explain the behavior of most 
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substances. Thus they never get the feeling that chem- 
istry consists merely of formulas and equations to be 
memorized. 

We believe that this method of teaching general chem- 
istry is suitable for the prospective major as well as the 
general student. In such a course the prospective ma- 
jor starts his chemistry program with a critical attitude 
toward chemistry and chemical problems that is “pro- 
fessional” from the beginning. The chemistry major 
learns that chemical theories are often based on 
simplified concepts and that he must always use 
judgment in deciding what theories apply to a real 
situation. 

The final test of an education is, of course, the per- 
formance of the graduates. The majority of Oberlin 
chemistry majors have gone on for graduate work. For 
example, in the years 1936—45 sixty of these received the 
doctor’s degree in chemistry or biochemistry. Others 
received the master’s degree, or degrees in other fields 
such as medicine. Yet the department does not aim to 
produce graduate students alone. Some of the gradu- 
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ates go directly into industry where they are well re- 
ceived because of their capacity for growth. _ Ability to 
acquire facts and express ideas, independence of mind 
and cooperation in spirit, perspective, and judgment 
are qualities desired by employers as well as by gradu- 
ate schools. 

The present chemistry department inherited from 
Professor Holmes the idea that the freshmen deserve the 
best possible teaching the department can give them. 
Only if they are properly taught will the department 
attract the imaginative and able students needed by the 
chemical profession. Senior members of the department 
work with the freshmen as well as with advanced stu- 
dents. Each member of the staff has some advanced 


‘chemistry course and helps direct research problems. 


All members of the staff participate in the major pro- 
gram. Although each teacher has final responsibility 
for his own courses all feel free to discuss the depart- 
mental courses in staff meeting. Thus, through com- 
mon discussion and planning, the departmental offerings 
form a unified program. 


8 ALWIN MITTASCH 


Arrenpance at university courses by teachers-in- 
service is a common occurrence, but in few cases—per- 
haps only one—has this laudable use of free time played 
a significant part in the genesis of a world-famous re- 
search chemist. The unusual career of Alwin Mittasch 
exemplifies such a rise to eminence. He was born on 
December 27, 1869, at Grossdehsa, Saxony. His father, 
the head of the school in that village, planned to have 
his son follow in his footsteps. Accordingly, after 
finishing the local grade school, young Mittasch at- 
tended the normal school at Bautzen from 1883 to 
1889. He showed unusual interest in music and was 
advised to make this the main field of his teaching ac- 
tivity. However, the counsel was not followed, and he 
served three years in the village of Klix, where he gained 
enough experience to secure (1892) an appointment 
in the lower schools at Leipzig. Ambitious to widen his 
outlook and general education, he attended lecture 
courses at the University, when his teaching duties per- 
mitted. The subjects covered a considerable range: 
philosophy, psychology, pedagogy, geography, politi- 
cal science, etc. In 1895, he heard Ostwald in a series 
of lectures on energetics. Mittasch realized that he had 
now found what he had been groping for, and he decided 
to become a chemist. The Ostwald Institut fir 
Physikalische Chemie had become internationally fa- 
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mous, and in 1896 Mittasch enrolled there as a part-time 
student. He worked nights and during the public school 
vacation periods because he had no means of support 
except his modest salary. Max Bodenstein supervised 
the doctorate research on the chemical dynamics of 
nickel carbonyl and Mittasch was thus initiated into 
the field of catalysis, which became the focal point of 
his entire career. The degree was conferred summa cum 
laude in 1901. Mittasch then resigned from the public 
schools to become Bodenstein’s assistant. Despite 
family background and his own pedagogic training he 
decided to leave the academic atmosphere and go into 
industry. After a brief period as analyst in a zinc works. 
he (March, 1904) entered the service of the Badische 
Anilin und Sodafabrik at Ludwigshafen. In this 
organization he developed his long ‘and successful ca- 
reer as a research chemist. Here again he was fortunate 
in being assigned to work with a talented,.sympathetic 
supervisor. 

The all-important problem at that time was the fix- 
ation of atmospheric nitrogen. Mittasch, under the 


direction of Rudolf Knietsch and especially Carl Bosch, 
began to study the production of nitrides, cyanides, and 
cyanamides. The results were not too promising and in 
1909 it was decided to make an intensive study of the 
Fritz Haber, working in the 


synthesis of ammonia. 
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Technische Hochschule at Karlsruhe, had shown that 
highly compressed hydrogen and nitrogen do combine 
under the catalytic influence of osmium.! The process 
was turned over to the B.A.S.F. in 1908 for possible 
translation to large-scale operation. The technical and 
engineering phases of this pressure synthesis were 
undertaken by Bosch, assisted primarily by Franz 
Lappe, while Mittasch was given the problem of finding 
a cheap and lasting substitute for the scarce and ex- 
pensive osmium. With the collaboration (1909-12) of 
Georg Stern and Hans Wolf, thousands of trials were 
made, not haphazardly but systematically, and at least 
1000 mixtures were tested. Early in 1910 they dis- 


covered the particularly effective mixed catalyst which _ 


is still used in some plants. It consists of metallic iron 
promoted (activated) by small admixtures of alumina 
and potassium oxide. They also made the important 
finding that traces of sulfur, etc., poison the contact 
mass. This success led Mittasch, with various collabo- 
rators, to study other mixed catalysts and their tech- 
nical applications. With C. Beck, he attacked the cata- 
lytic oxidation of ammonia and found (1913) that 
platinum, used by Ostwald, can be replaced by various 
combinations of iron-bismuth-manganese. Catalytic 
problems in the production of simple organic com- 
pounds, especially hydrocarbons, were also investi- 
gated. High pressure hydrogenation of carbon mon- 
oxide led to liquid hydrocarbons. Nickel, copper, etc., 
plus promoters, were found to be excellent for hydro- 
genation and dehydrogenation. It need hardly be 
pointed out that the technical synthesis of ammonia 
and its subsequent catalytic oxidation to nitric acid 
were essential factors in the German munitions pro- 
gram during World War I. However, the union of 
these compounds to form useful fertilizers or fertilizer 
ingredients was also worked out successfully, and hence 
peace likewise had its benefits from these technical 
triumphs. 

The constant fund of problems raised by the rapidly 
developing nitrogen industry plus the many and varied 
investigations along other lines led Mittasch to plan a 
big research laboratory. Despite the war and postwar 
troubles, such as shortages of all kinds, strikes, occu- 
pation by the Allies, ete., he built at Ludwigshafen the 
first sections of the famous Oppau laboratory. A 
biochemical section was added in 1926. This chemical- 
technical research laboratory grew steadily, and by 
1930 it was the biggest institution of its kind on the 
Continent. At the start, 6 to 8 chemists were employed. 
This number eventually reached 150, and the total per- 





1For details see Bert, E., Tuts JourNAL, 14, 204 (1937); 
Mirrrascn, A.,-AND W. FRaANKENBURGER, tbid., 6, 2097 (1929). 
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sonnel was around 1000. All sorts of problems were 
studied, with increasing emphasis on organic topics. 
Typical examples were: catalytic oxidation of hydro- 
carbons, catalytic production of hydrogen, catalytic 
production of methanol, preparation of iron carbonyl 
and high valence “carbonyl iron.” Fundamental re- 
search was also part of the accepted program, par- 
ticularly questions regarding catalysis. Much of the 
foundation of the modern theory regarding such phe- 
nomena as simple activation, carrier action, simple 
poisoning, mutual activation or antagonism was laid 
here. Mittasch directed this laboratory from 1918 to 
1933 and proved to be an outstanding organizer of re- 
search. Farseeing and many-sided, he had a flair for 
the choice of problems and for the upholding of morale 
during wearisome and discouraging studies. In this 
quasi-school he trained hundreds of chemists who later 
successfully occupied a wide variety of posts. They in- 
variably honor him as a true friend and mentor. 

Mittasch retired in 1933 and moved to Heidelberg 
where he still resides, active in body and mind. Retire- 
ment for him did not mean idleness but merely the de- 
votion of all his working hours to thinking and writing. 
Previously, his publications had been mostly limited to 
papers (about 90) on chemical topics, especially studies 
on catalysis, its applications, theory, and history. As 
might be expected, the printed record of much of his 
work is found in the numerous patents (including more 
than 80 U.S.A.) that bear his name, either alone or with 
others. For the past 15 years his writings have borne 
a distinctly philosophical character, though catalysis is 
still the center of his interest. “Chemistry without 
catalysis would be a sword without a handle, a light 
without brilliance, a bell without sound.” In numerous 
papers and books he had set forth his ideas on the essence 
and significance of catalysis, both for industry and bi- 
ology. The prosecution of the concept, “the catalytic 
causality,” led him finally to scientific historical and 
philosophical consideration of Berzelius, Robert Mayer, 
Schopenhauer, and Nietzsche. Since 1935 he has pub- 
lished no less than 14 books along this line. 

His outstanding services have brought him dis- 
tinctions. These include honorary doctorates (Berlin, 
Munich) and academy memberships (Heidelberg, 
Halle). He has been president of the Bunsen Gesell- 
schaft and holds its Bunsen medal. The Verein Deut- 
scher Chemiker elected him to honorary membership 
and awarded to him its Emil Fischer medal. The 
Vereinigung Liebighaus Darmstadt conferred its Liebig- 
Kekulé plaque. These are but token acknowledgments 
of the debt due to one of the grand old men of the 
chemical world. 
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Symposium on Use of Theoretical Principles in Chemistry’ 





~ A MODERN APPROACH TO THE TEACHING 
OF ELECTROCHEMISTRY 


In rue riexp of electrochemistry the choice of sub- 
ject matter suitable to the elementary course and of ef- 
fective methods of presentation still constitute a prob- 
lem for the teacher of general chemistry, despite several 
recent contributions?—* which have been both interesting 
and valuable. Certain aspects of the problem, such, 
for example, as the once troublesome question of the 
sign of cell voltages and electrode potentials, have been 
so clearly and definitively dealt with’ as to require little 
further discussion. The subject matter of the present 
paper is limited to four specific topics, each of them a 
source of perplexity to many students, with respect to 
which uniformity of practice among teachers and writ- 
ers of textbooks has not yet been attained. Most of 
the ideas here presented have been expressed elsewhere, 
although not in any single article or textbook. The 
four topics referred to are: (1) the difference between 
the free energy change in a reaction and the heat of re- 
action; (2) the mechanism of the chemical change that 
takes place in the operation of a voltaic cell; (3) the 
application of the terms ‘‘cathode” and “‘anode”’ to the 
electrodes of both electrolytic and voltaic cells; (4) the 
still prevalent use of the term “depolarizer’’ for the oxi- 
dizing agent in many common voltaic cells. In the first 
two cases, the difficulties are inherent in the nature of 
the phenomenon; in the last two, they result mainly 
from the survival of early practices or conventions 
whose obsolescence might well be hastened. 


FREE ENERGY CHANGE IN CHEMICAL REACTIONS 


The student will usually have learned early in his 
first chemistry course to regard the heat evolved in a 
chemical reaction as a measure of the difference in what 
might be designated as the levels of chemical energy of 
the reactants and the products, thus: 

heat of reaction=chemical energy of reactants —chemical 

energy of products 
(The fact that the heat of reaction, as ordinarily meas- 
ured and tabulated, is usually not identical with the 
change in internal energy may, at this stage, be neg- 





! Presented before the Division of Chemical Education at the 
113th meeting of the American Chemical Society in Chicago, 
April 19-23, 1948. ’ 

2 Haun, W. T., J. Cuem. Epuc., 21, 403-6 (1944). 

3 LupEr, W. F., anp A. A. VERNON, ihid., 22, 63-7 (1945). 

‘Timm, J. A., tbid., 24, 160-5 (1947). 


533 


ARTHUR W. DAVIDSON 
University of Kansas, Lawrence, Kansas 


lected.) It is only natural for the beginner to con- 
clude that this quantity should provide a reliable meas- 
ure of the tendency for the reaction to take place—of 
that criterion which, for want of a better term, has been 
referred to by numerous authors as the “driving force” 
of the reaction. After all, the brilliant early workers in 
the field of thermochemistry, men like Thomsen and 
Berthelot, made the same error, and believed that they 
were establishing a sound basis for the prediction of 
chemical behavior. It should not be difficult to con- 
vince the student that this belief was illusory. It is 
only necessary to point out that there are even many 
endothermic changes which nevertheless proceed spon- 
taneously; the melting of ice in warm water, the evapo- 
ration of water in dry air, and the dissolving of sodium 
chloride in water, serve as familiar physical examples, 
while a chemical instance is provided by the decompo- 
sition, at ordinary temperatures, of ammonium carbon- 
ate into ammonium bicarbonate and ammonia. 

It may then be explained that the true measure of 
the ‘driving force’’ of a chemical change is not the heat 
of reaction, but is rather to be found in the decrease of 
another quantity called free energy; thus: 

‘driving force” of reaction =free energy of reactants —free 

energy of products 

A reaction may be classed as a spontaneous one when 
this ‘‘driving force’’ is positive; that is, when the reac- 
tion is accompanied by a decrease in free energy of the 
substances concerned. The concept of free energy, of 
course, cannot be rigorously defined in the elementary 
course from the thermodynamic viewpoint. It should 
not be too difficult, however, to present the idea that 
the decrease in free energy in a reaction (often loosely 
called the free energy of the reaction) is measured not 
by the amount of heat evolved when the reaction takes 
place in a calorimeter, but rather by the maximum 
amount of actual useful work, mechanical or electrical, 
that can be obtained when the reaction takes place (at 
constant pressure and temperature) under the most 
favorable circumstances conceivable. This quantity is 
indeed often approximately the same as the heat of re- 
action—it would obviously be preposterously pedantic 
to add that this is true when the entropy change is 
small—but is almost never identical with it. 

One may now proceed to the statement—which fol- 
lows simply from the law of conservation of energy— 
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that if the heat of reaction is greater than the free en- 
ergy decrease, a certain amount of heat which cannot by 
any means be changed into work must always be given 
up to the surroundings in the course of the reaction. As 
an instance of this phenomenon, one might cite the 
freezing of very slightly supercooled water. There is 
no “driving force’ to this reaction, despite the consid- 
erable quantity of heat evolved. 

In the rare cases in which the free energy decrease is 
just equal to the heat of reaction, there would be no 
thermal effect if the reaction could be made to take 
place at maximum efficiency. The oxidation of carbon 
to carbon dioxide at room temperature, for example, 
evolves 94 kilocalories of heat per mole of carbon, and 
could, under the most favorable circumstances— 
which, incidentally, have never yet been experimentally 
attained—provide 94 kilocalories of electrical work, in 
which case there would be no heat effect. 

The third possibility is a trifle more difficult to grasp 
although instances are sufficiently numerous. Before 
returning to a chemical illustration, it might be well to 
mention the case of an ideal gas, which on expansion is 
enabled to do mechanical work by virtue not of its de- 
crease in energy but of its capacity for absorbing heat 
from its surroundings. Similarly, in all cases in which 
the free energy of a chemical reaction is greater than the 
heat of reaction (and these include, among others, all 
spontaneous reactions which are endothermic), the re- 
acting system, when working at maximum efficiency, 
is able to absorb some heat from the surroundings and 
convert it into work. Such conversion might occur, for 
example, in a voltaic cell in which the reaction consisted 
in the displacement of mercury from calomel by silver. 

By means of such a presentation, the student may be 
brought into contact with the idea that chemical ele- 
ments and compounds may serve not merely as con- 
tainers or reservoirs of energy, but also, in some cases 
at least, as machines through which energy from the 
surroundings may be converted into actual work. 


THE MECHANISM OF THE CELL REACTION 


Having at least approximately defined the free energy 
decrease in a reaction, we may now proceed to the dis- 
cussion of the voltaic cell as a device in which the free 
energy decrease of a spontaneous reaction is changed 
into electrical work. Not every spontaneous reaction 
may be so utilized, however, for two other require- 
ments, in addition to spontaneity, must be met. The 
total change must be separable into two partial reac- 
tions (or half-reactions, as they are commonly called) 
in which, respectively, electrons are lost by one set of 
substances and gained by another, and these partial 
reactions must take place at two different points; that 
is, the substance that gives up electrons and the one 
that receives electrons must not be in direct physical 
contact with one another. The concept of a partial 


reaction which involves either the loss or gain of elec- 
trons, but not both, need not be regarded as a startling 
innovation, for the occurrence of such changes at the 
electrodes in electrolysis will already have been dis- 
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cussed. However, the last requirement, that of separa- 
tion of the reactants, inevitably raises the question, 
“How can two substances possibly react spontaneously 
with one another if they are not in contact?” 


This question may best be dealt with through the’ 


consideration of a particular voltaic cell; and because 
of its familiarity and simplicity we may select for this 
purpose the copper-zine displacement cell, in which 
the spontaneous reaction represented by the equation 


Zn + Cutt = Znt++ + Cu 


constitutes the source of energy. If the free energy of 
this reaction is to be obtained in the form of electricity, 
the two reactants, a rod of metallic zinc and a solution, 
say, of cupric sulfate, must be separated by some 
means, such as a porous partition. A conducting solu- 
tion in contact with the zinc, and an electrode in the 
cupric sulfate solution, complete the cell. Since these 
latter portions of the cell do not participate in the re- 
action (as read from left to right) a wide choice of sub- 
stances is available; however, in order that the number 
of elements involved may be kept at a minimum, we 
may choose to use a zine sulfate solution as the electro- 
lyte in contact with the zinc, and a copper rod as the 
inert electrode; we then have the particular combina- 
tion of materials which constitutes the so-called Daniell 
cell. : 

Presumably the student will have beer told previ- 
ously that neither of the changes known as oxidation 
and reduction can take place without the simultaneous 
occurrence of the other. Hence, he will not be surprised 
to learn that no change can occur in the cell as long as 
the electrodes remain unconnected. However, as soon 
as the zinc and copper are connected by a wire, it may 
be shown experimentally that zinc begins to go into solu- 
tion from the zine electrode, copper is deposited from 
the solution on to the copper electrode, and a current 
(in the conventional sense) flows through the wire from 
the copper to the zinc. But the question previously 
raised remains unanswered, although it may now be 
worded more specifically: ‘“‘How can the zine and the 
cupric ion react with each other when they are not in 
contact—when neither of them, so to speak, can pos- 
sibly be aware of the presence of the other?”’ 

While no entirely satisfactory answer can be given to 
this question, the following explanation appears to the 
author to be the best that is at present available.* Let 
us suppose that whenever a metal rod is placed in water 
or in an aqueous solution, some of the metal atoms in 
the surface, because of their tendency to lose electrons— 
or, rather, because of the energy liberated when the 
cations combine with water—spontaneously pass into 





5 The terms “electrolytic solution tension” and ‘osmotic 
pressure,” carried over from the Nernst theory of the electrode 
process, which still appear occasionally in current textbooks, 
seem to the author to be altogether inappropriate; first, because 
they do not take into account the gain of electrons which we now 
know to constitute a negative electrical charge, and, secondly, 
because the tendency of a cation to change to the corresponding 
metal is not at all an osmotic pressure, in the currently accepted 
sense of the term. 
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solution as hydrated cations, according to the equation 
metal + water = hydrated cation + electron(s) 


The electrons thus liberated remain behind in the metal, 
which thereby acquires a negative charge. The extent 
to which this change takes place depends upon the con- 
centration of hydrated cation already present in solu- 
tion in the vicinity of the electrode, decreasing with in- 
creasing concentration; but in any case it can occur to 
a very limited extent only, since the negative charge on 
the rod acts as a strong deterrent to the departure of 
any more cations; in other words, an equilibrium is soon 
reached between the metal and the solution. Since the 
tendency to form cations varies from one metallic ele- 
ment to another, we may further suppose that the reac- 
tion indicated by the above equation will proceed to a 
different extent for each metal even when the cations are 
present at the same concentration; in general, the more 
active the metal, the greater will be the concentration of 
free electrons in the rod when equilibrium is attained. 
Thus, if each of two similar rods, one of zine and the 
other of copper, is immersed in a solution containing the 
corresponding cation at the same concentration, a 
greater negative charge will be developed on the more 
active zine than on the less active copper. These 
changes, it is true, are not susceptible to experimental 
verification. No increase in concentration of zine ion or 
cupric ion in the solution can be discerned even by the 
most sensitive analytical methods. There is no percep- 
tible decrease in the weight of either rod, nor can a 
charge be detected upon either electrode by means of 
any electrical instrument, however delicate. It is for 
this reason that the entire explanation must be regarded 
as a hypothetical one only. 

Now the presence of: excess electrons may be sup- 
posed to produce a sort of electron pressure within the 
metal. Since this electron pressure is greater in the zine 
than in the copper, there is said to be a difference of po- 
tential between the two electrodes, which consists in a 
tendency for electrons to pass from the zine to the cop- 
per. Even though the two solutions may be in contact, 
this tendency must remain latent so long as the elec- 
trodes are not connected by a metallic conductor. As 
soon as such connection is made, however, the dif- 
ference of potential manifests itself as an electromotive 
force which drives electrons through the wire from the 
zine to the copper. (The student will have learned pre- 
viously that the direction of the current, according to 
convention, is opposite to the direction of electron flow, 
so that current is conventionally said to flow, under 
these conditions, from the copper to the zinc.) Because 
of this flow of electrons the two electrode reactions, 
represented by the simplified equations 


Zn = Znt* + 2e- 
and 
Cu++ + 2e- = Cu ‘ 


are enabled to proceed freely and simultaneously, the 
electrons liberated by the zinc atoms flowing through 








535 


the wire into the copper and thence to the solution, 
where cupric ions pick them up and become atoms. 
Meanwhile, because of the continual arrival of elec- 
trons at the copper electrode, all of the positively 
charged ions in the solution, both Zn++ and Cut*, mi- 
grate toward this electrode, while the negatively 
charged sulfate ions migrate toward the zinc electrode, 
from which electrons are being dispatched into the wire. 
Thus, the electrical circuit is complete, and a continu- 
ous current passes through the wire and the cell. 


‘‘ANODE”’ AND ‘‘CATHODE”’ OF VOLTAIC AND 
ELECTROLYTIC CELLS 


Although certain aspects of the problem of electro- 
chemical nomenclature were competently discussed by 
Luder and Vernon,’ they did not consider the applica- 
tion of the terms ‘‘anode” and “cathode” to the elec- 
trodes of electrochemical cells in general, nor the rela- 
tion of these terms to the classical designation of elec- 
trodes as positive or negative. Some authors prefer to 
side-step this problem by taking the position that the 
words “anode’’ and ‘“‘cathode” should never be used in 
connection with voltaic cells, since such use is certain to 
result in confusion. A few, in the attempt to attain a 
certain type of consistency, have unintentionally pro- 
moted such confusion by continuing to define the anode 
as the electrode conventionally designated as “‘positive,”’ 
and the cathode as that conventionally called “nega- 
tive,” even in the case of voltaic cells. Fortunately, 
however, our choice is not between these two alterna- 
tives, which seem to the writer to be almost equally un- 
desirable. All ambiguity may be avoided by means of a 
presentation along the following lines. 


Anode Cathode 27 Anode Cathode 
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Figure 1. Nomenclature of Electrochemical Cells 


Let us first reémphasize the.fact that the electrolytic 
and the voltaic cell may be regarded simply as the two 
general types of electrochemical cells, which have in 
common certain fundamental characteristics: each is a 
device for the interconversion of chemical energy and 
electrical energy, through the medium of an oxidation- 
reduction reaction in which the oxidation and reduction 
take place at two different points. The close relation- 
ship between these two types is, indeed, brought out in 
Timm’s paper,‘ in which he shows how a voltaic cell 
may become an electrolytic cell merely as a result of a 
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slight shift of a movable contact along a slide-wire in the 
familiar potentiometric circuit. (The common storage 
battery, which during charge acts as an electrolytic 
cell and during discharge as a voltaic cell, may also be 
cited in this connection.) In the electrolytic cell, a non- 
spontaneous reaction is caused to take place by the ap- 
plication of electrical energy from an external source; 
i. €., electrical energy is changed into chemical energy. 
In the voltaic cell, on the other hand, the free energy re- 
leased in a spontaneous reaction is changed into elec- 
trical energy.’ In both types of cells, however, the 
electrode at which electrons leave the cell and enter the 
external circuit, and hence the one at which oxidation 
takes placeand toward which the anions of the electrolyte 
migrate, is logically designated as the anode. The elec- 
trode at which electrons leave the external circuit and 
enter the cell, and hence the one at which reduction 
takes place and toward which the cations of the elec- 
trolyte migrate, is properly called the cathode. These 
designations are illustrated in Figure 1. 

Electricians, it is true, uniformly adhere to the prac- 
tice of designating the terminals of a cell as “‘positive”’ 
and “negative”; and in an electrolytic cell, according 
to a firmly established convention, the anode is called 
the positive, the cathode the negative electrode. In a 
voltaic cell, however, the anode, as defined in the pre- 
ceding paragraph, is called the negative, the cathode 
the positive electrode. Since it is this set of conventions 
which is the source of such confusion as still exists, and 
since the chemist, in any case, has nothing to gain from 
the designation of an electrode as positive or negative, 
it seems desirable that the use of this terminology be 
deémphasized as far as possible, and that preference 
always be given to the entirely logical and consistent 
designation as anode or cathode. Thus, for example, in 
the lead storage cell the lead dioxide plate (called by 
electricians the positive plate). is the cathode during 
discharge and the anode during charge; the spongy 
lead plate called (negative by electricians) is the anode 
during discharge and the cathode during charge. 

There is a further advantage to be gained from the 
shift of emphasis away from the putative positive or 
negative character of electrodes. The complete elimi- 
nation of such emphasis may be expected per- 
manently to dispose of the once vexatious practice of 
attempting to link the electrical “sign”’ of an electrode 
with the algebraic sign of the corresponding electrode 
potential. Thus, there has been a long and fruitless 
controversy over the question of whether, in a list of 
standard potentials, the sign of the potential of a 
metal-cation electrode such as Zn, Zn++ should be posi- 
tive or negative.’ 





6 There is, it is true, one type of cell which does not appear to 
fall into either of these categories; namely, that in which a metal 
is merely transferred from one electrode to another, as in many 
varieties of electroplating. Although this process is, of course, 
commonly and correctly designated as electrolysis, cells of this 
type might conveniently be regarded as lying on the border line 
between the two classes defined above. 

7 See reference 1, p. 405. 
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The point at issue simply disappears if no attempt is 
made to associate this sign with the charge on the elec- 
trode. This the way is cleared for the adoption of the 
much more satisfactory modern convention according to 
which, for purposes of compilation, each electrode is to 
be regarded as an anode, and the sign of the electrode 
potential is the same as that of the free energy decrease 
which accompanies the half-reaction of oxidation at the 
electrode. Experimentally, the standard potential of 
the Zn, Zn++ electrode is identical with the voltage of 
the cell in which this electrode as anode is coupled with 
the standard hydrogen electrode as cathode, since the 
potential of the latter electrode is arbitrarily taken to be 
zero. Similarly, the free energy decrease for the hypo- 
thetical half-reaction 


Zn = Znt+t (a = 1) + 2e- 
is identical with that for the displacement reaction 
Zn + 2H* (a = 1) = Zntt+(a = 1) + H 


because the free energy of the hypothetical half-reac- 
tion 
2H* (a = 1) + 2e- = Hp 


is arbitrarily taken to be zero. 


‘‘DEPOLARIZER”’ OR OXIDIZING AGENT 


Another unnecessary and confusing usage which has 
been carried over from the infancy of the voltaic cell is 
the application of the term “depolarizer”’ to the oxidiz- 
ing agent which surrounds the “positive” terminal of 
cells of the, zine-carbon ‘type, including the familiar 
dry cell. Curiously enough, the lead dioxide in the 
“positive” grid of a storage cell is never referred to as a 
“depolarizer.” Yet the tradition persists that the func- 
tion of the manganese dioxide in a dry cell is to oxidize 
the free hydrogen which is liberated at the cathode and 
would otherwise form an insulating or polarizing layer 
onthe carbon. Actually, there is not a shred of evidence 
to indicate that hydrogen is first liberated and then 
oxidized to water by the manganese dioxide.’ Such a 
stepwise change, in fact, seems quite as improbable as 
the supposition that, in the electrolysis of an aqueous 
sodium chloride solution, metallic sodium is liberated 
at the cathode and then reacts with water with the 
formation of hydrogen. 

The half-reaction at the cathode of a dry cell is prob- 
ably somewhat complex; the main reduction product. 
however, appears to be manganic hydroxide® (or hy- 
drous manganic oxide). The cathode should therefore 
be regarded as a manganese dioxide-manganic hydroxide 
electrode. Free hydrogen does not enter into the picture 
at all, and the half-reaction may properly be represente: 
by the equation 


MnO, + NH,+ + 2H,O+e- = Mn (OH); + NH,OH 





8 LATIMER, W. M., “The Oxidation States of the Elements, 
and Their Potentials in Aqueous Solution,’’ Prentice-Hall, Inc., 
New York, 1942, p. 224. 
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THE USE OF ELECTRONIC STRUCTURE IN IN- 


TERPRETING CHEMICAL REACTIONS 


Te toric of electronic configuration or electronic 
structure of atoms is invariably included in the early 
stages of the freshman’s course in college chemistry. 
He is led more or less in detail past the milestones that 
science has passed on its quest for an understanding of 
why matter behaves as it does. He learns that the 
first signpost is the discovery that all matter contains 
the same negative units of electricity (cathode rays). 
This points the way to the eventual concepts of the 
nuclear atom. The way then leads to the Bohr theory 
which gives the chemist a working model of the atom. 
The student begins to feel the more familiar ground of 
chemistry under his feet as he undertakes to apply the 
generalizations inherent in Lewis’ concepts. Atoms 
exhibit predictable behavior in establishing eight elec- 
trons in their outermost energy levels. 

Almost no college text and few high school texts allow 
the student to miss the opportunity of drawing minia- 
ture solar systems to represent the common elements. 
The adequate course will take care not to let the stu- 
dent think of the atom as a series of concentric railroad 
tracks with magically regulated numbers of electron 
trains. Rather it will present at least a qualitative 
picture of the difficulty of locating any particular 
electron at any particular spot, perhaps by introducing 
the concept of electron clouds or electron densities on a 
three-dimensional model. A good summarizing dis- 
cussion of this problem has been presented by De- 
Vault (1). The detailed presentation of atomic struc- 
ture often demands too strict an adherence to some 
specific picture of the atom. Spectroscopy supplies 
the data which merely indicate the discreteness of the 
energy changes which accompany the shifting of elec- 
trons within atoms or molecules. The simple Bohr 
theory had to adopt elipses. Even thus modified, it 
yielded to the more inclusive vector model with its 
space quantization. Quantum mechanics discarded 
all conventional analogy and at the same time employed 
a vocabulary of mathematical manipulations. Any 
complete treatment is virtually unintelligible and of 
questionable value to the beginning student. Re- 
gardless of the treatment, he does get at least some 
qualitative concepts. He should recognize, for instance, 
that the description of an electron’s status within the 
atom demands several quantum numbers to ade- 
quately account for its behavior. Some texts supply 
him with a complete table of electron distributions, and 
at least set the stage for the Pauli Exclusion Principle. 
He may be introduced to the peculiar jargon borrowed 


WILLIAM F. KIEFFER 
The College of Wooster, Wooster, Ohio 


from the spectroscopist (“‘s, p, d, f”) used to designate 
varieties of electron habitation within any main energy 
level. 

“Valency” is probably already in the student’s 
working chemical vocabulary and is the topic which 
almost always follows the section on atomic structure. 
The student immediately recognizes the logic of elec- 
trovalency in the light of electronic distributions. He 
sees consistency in the inertness of the helium family 
and the invariable monovalency of the alkali metals. 
Covalency mars somewhat the complacent feeling 
established by finding how simple it is to explain ionic 
reactions. Along with covalence comes a new rule for 
electron behavior, an almost invariable preference for 
pairing off. In fact, a bond now appears to be a shared 
pair of electrons. Coordinate covalence is a refinement 
introduced to explain the ability of such electronically 
satisfied molecules as ammonia to accommodate a 
wandering electronless proton which contributes no 
electrons, yet is bound into the ammonium ion. 

Here the whole problem of structure and valency 
rests for the student until an advanced course (usually 
physical chemistry) is reached or even until graduate 
school. He does, however, immediately begin to learn 
a lot of descriptive chemistry. Qualitative analysis, 
for instance, presents a baffling array of selective re- 
actions. Their interpretation and prediction are a 
challenge that the beginning student can hardly accept, 
armed only with the electrovalency and covalency of 
the elementary course. The “rule of eight’ of the 
Lewis concepts acts as a fairly adequate basis for the 
applications of electrovalency and many cases of simple 
covalency which he may be expected to recognize. 
It leads, however, to inconsistencies and contradictions 
as soon as the student encounters complex ions and 
other illustrations of what Sidgwick (2) calls the ‘‘co- 


-ordination number” of an atom (the number of groups 


joined to a central atom by nonionized links). 

It can rightfully be argued that much of the dis- 
cussion which follows has no place in the elementary 
textbook. There is, however, much to be said for 
making available to teachers and interested students a 
consolidated, if qualitative, presentation of some present 
structural concepts and to. focus attention on certain 
features of atomic structure which offer explanation of 
chemical behavior, especially the phenomenon of com- 
plex ion formation. Chemistry teachers, need a reser- 
voir of information greatly in excess of what they 
impart even to their superior students. 
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ELECTRON DISTRIBUTION IN ORBITALS OF ATOMS 


It is just a step beyond the electron pair bond, in- 
variably familiar to the elementary student, to think 
of the energy levels within the atom as being sub- 
divided into “orbitals” which can be oceupied by only 
two electrons. If the idea of electron spin has been 
introduced, it can be seen that the restriction of allowing 
only electrons of opposite spin in any one orbital puts a 
consistent limit of two on the population of that orbital. 
Luder (3) has suggested a ‘‘Rule of Two” to emphasize 
the structural implications of this. 

Figure 1 represents the ordered arrangement of the 
electrons in atoms of the first four periods according to 
their orbital designation. 

It should be recognized that any atom will be ex- 
pected to have its electrons arranged in such a way that 
the potential energy of the nucleus-electron system is a 
minimum. In other words, electrons will consistently 
fall into the available orbital nearest in energy to those 
already oceupied. As a consequence of this, the follow- 
ing significant generalizations can be made, based on an 
observation of the table. 


(1) In any main energy level, s orbitals are lowest 
in energy followed by p, d, etc., in order. 

(2) Thed orbitals seem to be higher in energy than 
the s orbital of the following main level until that s 
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orbital is filled. (8d orbitals are unpopulated until 
scandium, after the 4s is filled at calcium.) However, 
the last d orbital to be entered may be even lower than 
the next s orbital. (Note the irregularities in the series 
at chromium and copper.) 

(3) All of the orbitals of any one type are of nearly 
the same energy and the normal tendency is partially to 
fill all before completely filling any. (The 3p orbitals 
at phosphorous or the 3d orbitals at chromium and 
manganese. ) 

The above table can be extended by direct analogy 
to the following long period. The pattern for families 
of elements is essentially the same with some minor 
irregularities. The period starting with cesium requires 
further extension. The rare earths fill seven 4f orbitals 
starting with cerium after the 6s has been filled at 
barium and half of one 5d has been occupied at lanth- 
anum. Figure 2 (after Herzberg (4)) is useful in in- 
dicating the relative positions on an energy scale of 
the various orbitals as the atomic number increases. 
This is essentially the same as the detailed charts of 
DeVault (1) which show the actual energy positions 
plotted from spectral data. 


COMBINATIONS OF ORBITALS IN BONDING 


It is a probable assumption that whatever order is 
apparent in the tendency to fill the orbitals of normal 
atoms may have a con- 
siderable selective influence 
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Orbital Designation of Electrons in Atoms 
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Figure 2. Representation of Energies of 
Orbitals with Change of Atomic Number 
(Z), after Herzberg (4) 


sities of valence electrons appearing as humps or horns 
sticking out from the sphere of the atom in specific 
directions. When one s and three p orbitals are simul- 
taneously involved, they scramble together (“hybridize”’ 
according to Pauling) to produce four likely regions 
for finding electrons which are pointed- toward the 
corners of a tetrahedron. Since the pairs of electrons 
in such orbitals are involved in two atoms, the spatially 
oriented orbitals are essentially valence bonds. In a 
similar fashion, when one s, three p, and two d orbitals 
are used, six octahedrally oriented hybrid orbital bonds 
are produced. One s, two p, and one d flatten out 
into a square coplanar pattern. Rice (6) also lists a 
linear combination for bonds formed by the hybridiza- 
tion of an s orbital with one p. This last type is en- 
countered most frequently among those atoms such as 
silver and mercury which have only an s orbital oc- 
cupied on top of filled d orbitals. A second possible 
orbital combination can result in tetrahedrally oriented 
coordination. According to Rice (6) one s, three p, 
and three or more d orbitals can hybridize to produce 
four bonding orbitals so arranged in space about the 
central atom. Examples of this type are rarely en- 
countered except among the transitional elements in 
their higher oxidation states. Apparently not all of 
the hybrid orbitals are involved as bonds, yet the re- 
sulting complexes are very stable, for example, CrO,-. 
There are various other possible orbital combinations, 
but the above list, summarized in Figure 3, represent 
those most commonly encountered. 

Before making predictive application of thest struc- 
tural generalizations, it may be well to strengthen a 
student’s belief in their existence by correlating them 
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with information quite familiar to him. The example 
of chemical geometry invariably presented to the 
freshman is the tetrahedral carbon atom. In order for 
a carbon to combine covalently with four other atoms, 
it must share the population of four of its orbitals. 
Since the normal atom appears to have vacancies only 
in its p orbitals (see Figure 1), the mechanism of its 
reaction must include the “promotion” of one of its 
s electrons into the third p orbital. This step is ob- 
viously endo-energetic, but probably of relatively low 
requirement, since that p orbital is the next one oc- 
cupied (in the normal nitrogen atom). The carbon 
atom so activated then is able to offer half an orbital 
to an electron from each of four other atoms to establish 
the hybrid tetrahedral bonding orbitals predicted by 
the quantum mechanics. The existence of the similar 
spatial symmetry of the NH,* ion can also be seen as a 
direct consequence of the ability of the central nitrogen 
atom to hybridize its full s orbital with its three p 
orbitals. The latter are filled by ordinary convalencies 
with hydrogen atoms, the former is involved as the 
donor of an electron pair in a coordinate covalency with 
a proton. The identical nature of the four tetrahedral 
N—H bonds thus formed is emphasized. There is no 
opportunity for the student to visualize one bond differ- 
ing in strength from the others. 

Illustrative chemical reactions can be chosen particu- 
larly to prove with apparent conclusiveness the 
accuracy of the theoretical concepts here outlined. 
Many of these would undoubtedly be unfamiliar to the 
beginning student; nor would he encounter them unless 
pursuing the subject in a specialized course or possibly 
in reference reading such as Chapter IV of Emeleus 
and Anderson (7). This paper is intended to deal 
with the elementary course. Accordingly, the following 
discussion is based on the application of these ideas to 
the reaction scheme used in the usual freshman qualita- 
tive analysis. It is hoped that it may make clear 
some of the limitations imposed on chemical behavior 
by what is understood to be the structure of the atoms 
involved. 


SCHEME OF CATION QUALITATIVE ANALYSIS 


In the scheme for qualitative analysis of cations the 
phenomenon of complex ion formation is repeatedly 
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Figure 3. Spatially Oriented Orbital Combinations 
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used to advantage. In nearly every case the complex 
is formed by the mechanism of coordinate covalency. 
The cation loses its chemical identity because it becomes 
surrounded by other molecules or anions which are 
able to act as the donors in the linkage and supply it 
with pairs of electrons. If a cation is found to have 
available vacant orbitals which can hybridize to form 
one of the possible structures, it is logical to predict 
that a complex ion will be formed if the circumstances 
are right. Figure 4 locates the usual elements of the 
elementary qualitative analysis scheme and indicates 
the types of orbital hybridization most frequently en- 
countered. 

This figure can be interpreted to advantage in terms 
of the electron distribution of Figure 1. For example, 
arsenic of family 5A, when displaying the oxidation 
number +5, can be considered as having emptied out 
its outer s and p orbitals. This gives it the same re- 
sidual electron structure as Zn*++. As the figure 
indicates, they can then be expected to exhibit the same 
coordination characteristics, as indeed they do in AsS,=, 
and Zn(NH;),++. Thus it can be seen that there is 
some predictable consistency in the number of units to 
be involved in complex formation. This is a most 
satisfactory discovery for the student who naturally 
looks for some regularity in chemical behavior to supple- 
ment the inadequate “rule of eight.”” Caution must be 
used, however, in attempting broad generalizations. 
The mere availability of an open orbital does not imply 
its invariable use for coordination. Several factors 
have limiting influence. One seems to be that very 
seldom will the charge of the resulting aggregate exceed 
—3. This is illustrated by the behavior of the Cd+* 
cation. CdS is not susceptible to solution in excess 
sulfide ion. Under these conditions SbS,= is formed, 
but the hypothetical CdS,~* is not, although it would 
employ identical orbitals. The structurally similar 
complexes Cd(CN).~= and Cd(NH3)4+* are readily 
established in solution. For these last two to be built 


VIIb Ib | IIb 


VIb 


LLL 


Tetrahedral 
(s p%) 
Octehedral 

(asp*) 
Tetrahedral 


EEE] © (a¥eps) 


as ee | 
. . ee . 
oraee * efe 
o,ee * "Peace 


Square 
(dsp?) 
Linear 


(sp) 


= 
NNN 


Figure 4. Types of Covalent Orbital Combinations Illustrated by the Cations of the Usual Qualitative 


Analysis Scheme 


IIIa | IVa Va 





JOURNAL OF CHEMICAL EDUCATION 


up, it has not been necessary for the coordinating units 
to overcome any considerable electrical repulsion in 
order to enter the complex. The last S attempting to 
enter the hypothetical CdS,-* complex would be kept 
from doing so by this repulsion. 

A second limitation on the coordinating tendency 
is the effect of atomic or ionic size and its relation to 
the nuclear charge. The structural significance of 
this has been pointed out by Campbell (8). Bismuth 
is a case in point. Although it has the same outer 
electronic arrangement as arsenic and antimony, it 
exhibits a preference for oxidation numbers +3, and 
generally electrovalent basic tendencies. The be- 
havior of lead also offers illustration. The larger 
atoms have less sharply defined regions of electron 
density and consequently less tendency to retain shared 
bonding pairs. 

Of the cations in the first group of the conventional 
analysis scheme the only one at all likely to react by 
forming coordination complexes is the silver ion. 
Figure 5 indicates the electronic distributions. 

The silver ion is very willing to fill its open s and one 
of the open p orbitals which hybridize into the linear 
configuration. A great variety of electron-rich donors 
are acceptable to it. AgCl will even dissolve in the 
presence of high chloride ion concentration to form 
AgCl.~ in apparent violation of the solubility product 
principle. Obviously, AgCl is the only member of this 
group precipitate susceptible to the action of NH; 
as a coordinating agent, hence aqueous NH, is a logical 
choice for the separating reagent. 

The peculiar ability of the mercurous ion to form the 
double ion appears to have an explanation consistent 
with the orbital point of view. Two mercurous ions 
can fill their s orbitals covalently by each sharing the 
one remaining s electron in a common filled s orbital. 
This can be seen to be structurally similar to the 
familiar covalent bond of the hydrogen molecule. 
The question may rightfully be asked why zine or 
cadmium make no _ such 
analogous monovalent 
double ion. The answer 
probably lies in the much 
greater amount of shield- 
ing afforded by the seven 
filled 4f orbitals in the 
mercurous ion. Ionization 
potential information sup- 
ports this point of view 
(9). Even though zinc’s 
and cadmium’s electronic 
arrangements might allow 
the structural prediction 
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Figure 5. Available Orbitals in Group One Cations 


force. The Hg.++ aggregate is not very stable and is 
easily disrupted. As might be expected, the electrons 
fill the orbital of one atom making metallic mercury 
and leave a vacant orbital in the other as the mercuric 
ion. The latter is then in a position to establish 
the same type of linear s-p hybrid as the silver ion. 
HgCk, is a linear covalent molecule of extremely slight 
ionic character as might be expected from its electronic 
similarity to the very stable silver complexes. 

Group two of the cation analysis scheme employs a 
variety of reactions for separation and identification. 
Some of these can be interpreted directly by structural 
considerations, others not so aptly. Figure 6 lists the 
cations (or more properly the atoms in their oxidation 
states), according to the usual coordination complexes 
which they may form. It should be noted that in 
addition to the indicated tetrahedral bonding, occasion- 
ally Sn (+4) is able to utilize two of its d orbitals for 
octahedral bonding, as in SnCle. In this case the 
d orbitals involved are of higher energy, being those 
occupied in normal atoms at the beginning of the 
following transitional series. An analogous SbCl,- 
ion has likewise been suggested. 

The separation into subgroups by the action of ex- 
cess sulfide ion or the oxidizing polysulfide can be inter- 
preted as the establishing of soluble tetrahedral com- 
plexes. The coordination of donor sulfides to the 
central As (+5), Sb (+5), and Sn (+4) supply the open 
orbitals with the electrons needed. Arsenic and anti- 
mony in the +3 oxidation stage seem to be able to 
accomplish the same type of reaction, probably forming 
the incomplete configurations represented by AsS,;= 
and SbS;*. Possibly the hybridization is almost the 
same except that the pair of electrons belonging to the 
s orbital of the As (+3) are utilized instead of a donated 
pair, as in the case of the completely coordinated AsS,*. 
If soluble bisulfide complexes: are. considered to be 
formed, the expected symmetry can be realized with 
As(SH)4~. This situation is not paralleled by the 
behavior of the tin ions. Although tin (+4) can form 
the tetrahedral complexes, SnS,~‘ or the incomplete 
Sn§;-, no such soluble complex exists for tin (+2). 
SnS is soluble only in the presence of the oxidizing 
polysulfide, whereas SnS. can be dissolved merely in 
excess of sulfide ion. Bismuth and lead likewise 
might be expected to form soluble sulfide complexes 
if they could be oxidized to their higher states in a 
similar fashion. This is virtually impossible to do in 
basic solution. (Latimer (10) calculates both to have 
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an oxidation potential of about —1.6 volts.) Accord- 
ingly, bismuth, lead, and stannous sulfides are un- 
affected by treatment which dissolves the sulfides of 
arsenic, antimony, and tin. The amphoterism of 
stannous tin (and similarly lead (+2) ) cannot be 
explained if an analogy to sulfide complexes is to hold. 
Probably the relatively smaller and more electronega- 
tive oxygen is bonded by other than a simple coordinate 
covalence mechanism. 

Mercurie sulfide will dissolve by complex formation 
in a solution of very high sulfide ion concentration, 
z. e., NaS but not (NH,)S. The linear HgS.~ is the 
expected product of such reaction. Copper and cad- 
mium do not share this reaction. As pointed out above, 
the requisite number of sulfides would not likely co- 
ordinate to build up such a great negative charge as 
would be involved in CdS,-* or even the incomplete 
Cd8S;~*. Students frequently encounter trouble when 
using (NH,)S by having some of the CuS appear with 
the soluble arsenic group sulfides. Possibly some form 
of a mixed complex is the cause of the trouble. The 
readily formed ammonia complexes of copper and 
cadmium are utilized to effect the separation of these 
cations from bismuth which cannot escape precipitation 
as the hydroxide or basic oxide by aqueous ammonia 
solution. ’ 

The cupric complexes deserve a word of special at- 
tention. It might be expected that although the Cutt 
has one half-filled d orbital behind its open s and p 
orbitals, it might use the latter four for tetrahedral 
hybridization as does Cd++. Direct structural obser- 
vations on copper compounds have indicated 
their coplanar nature (1/1). Pauling (6) assigns a 
greater bond strength to the dsp? hybrids than to the 
sp® type. He also points out that the energy to pro- 
mote the electron into the nearest p orbital would not 
be a great requirement. It would not be expected to 
be as great as that required to unpair the two s electrons 
and promote one as was postulated for the tetrahedral 
carbon atom. Thed orbital thus opened out could then 
be involved in the stronger square hybrid orbitals. 

In the presence of the reducing action of CN~ ions, 
the copper retains its two d electrons in the last orbital. 
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Figure 6. Available Orbitals in Group Two Cations 
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The resulting Cut has only s and p orbitals available, 
which it hybridizes into the Cu(CN), tetrahedral 
complex. As long as no oxidizing agent is present, 
this is a very stable complex. It is specifically more 
stable than the corresponding Cd(CN)., since the 
latter surrenders to H2S as CdS making the identi- 
fication of cadmium in the presence of copper possible. 

The successful manipulation of Group 3 of the 
cation analysis presents a problem which prompts 
nearly every textbook author to suggest his own par- 
ticular scheme of reactions. It is beyond both the 
scope and the time allowed this discussion to treat all 
of these in detail. The following suggestions are some 
of the pertinent generalizations that can be made. 

















Cetion Orbitals Exemples 
da 
Squere (dep) : : 
Mi (+2) 6S GS GS GS OOO co | vss) 5 * 





Tetrahedrel (sp) 
zn (#2) full co CO DJ zac)” 


co 
available only in colco co co Al (0H),” 
4 


Al (+3) higher energy level 





Octahedral (d2sp> 
+++ 
CO COT C1 | cr(nuy)¢ 





cr (+3) mo oj 

un (+3) GO OO CO}CO CO Co | wncag 
Fe (42) rar a CO pales) C3 COI CO | Fe(cn)§ 
Fe (+3) GS Ge GO CO CO} CO | eacens 
Co (+3) BQ OD OOO} CO | coo) 

Tetrehedrel(d°sp%} 

Cr (+6) Oo Oc Oo Oo [erot 
Mn (+7) mao oO cco CO OO | a 























Figure 7. Available Orbitals in Group Three Cations 


Figure 7 shows that all of the cations here included 
have the ability to coordinate complexes of some type. 
This is to be expected from their positions in the periodic 
table (Figure 4). Their electronic structure allows 
for many vacant orbitals which can be hybridized 
into bonding possibilities. Inspection of the figure 
along with any outline of analytical procedure will 
suggest possible interpretations. 

One new consideration which must be allowed from 
an examination of these examples is the way in which 
the electrons of incompletely filled d orbitals are appar- 
ently able to shift and pair up so that two d orbitals will 
be available for octahedral hybridization. Iron, cobalt, 
and occasionally manganese follow this procedure. 
Nickel performs the same type of internal rearrange- 
ment to open the way for its very stable coplanar 
square complexes. 

Some question may arise as to how to indicate cor- 
rectly the electron distribution in the +2 and +3 oxida- 
tion states for the elements chromium, manganese, 
iron, cobalt, and nickel. It may be argued that since 


the 4s orbital was filled at calcium, and the subsequently 
added electrons are entering d orbitals across the transi- 
tion series, these d electrons would be lost in ionization 
If, however, all the 3d 


rather than the 4s electrons. 
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orbitals and the 4s are of about the same energy, there 
may be a reshuffling as indicated by the dotted lines 
in Figure 7. If it is borne in mind that the resulting 
complex is essentially covalent, filling hybridized 
d and s orbitals anyway, it is of less consequence defi- 
nitely to assign the +2 and +3 oxidation state an elec- 
tron distribution. 

The question of course arises as to why cobalt (+3) 
or nickel (+2) will accept the neutral yet essentially 
electronegative NH, molecule to form complexes 
while ferrous and ferric apparently are unwilling 
to do so. The latter will form ccmplexes with the 
less electronegative CN-. The answer is not at all 
clear. It must be remembered that in all probability 
these ions are “‘aquated,’”’ (CO(H,O).+++, ete.). The 
forming of any other complex implies an exchange of 
coordinating units. The situation probably involves 
much more than the simple structures here represented. 
Double bonds utilizing other d orbitals of the iron as 
well as electrostatic ionic bonds probably have to be 
considered as contributing to the stability of the ferric 
and ferrocyanide structures (4). 

A second difference introduced by consideration of 
these ions is that the completion of a coordinating 
complex may have a stabilizing influence for one oxida- 
tion state over another (12, 13). Cobalt is the most 
frequently cited example of this, yet it is often over- 
looked by the authors of analysis textbooks. Cobalt- 
ous (+2) ion contains one more electron than cobaltic 
(+3) ion as diagrammed in Figure 7. In order for the 
two requisite d orbitals to be open for coordination, 
this electron would have to be promoted into a d orbital 
belonging to the next higher main energy level. (The 
nearby s and p orbitals must be left vacant for the co- 
ordination process.) This promotion would require 
much more energy than either of the previously noted 
promotions in carbon or copper.* Such a situation 
makes any so-formed Co(NH¢2).s~* complex very willing 
to lcse the single promoted electron. Evidence of this is 
the fact that Co(NHs3)s~‘ is a good reducing agent and 
is itself readily oxidized. Latimer (10) tabulates 
—0.1 volt as the potential for the formation of the 
cobaltic complex from the corresponding cobaltous. 
Co(NHs3)s~* could hardly be expected to esist in the 
presence of air or other oxidizing agents. Another 
interesting valence stabilization is that afforded the 
higher states of chromium (+6) and manganese (+7) 
by the highly negative O- coordinating unit. 

Mention should be made of the possible interpreta- 
tion of amphoterism. The Brénsted concepts of acid 
and base are becoming more and more widely accepted 
in the elementary course. These definitions can be 
utilized in a manner consistent with predictions based 
on structure. See, for example, Hogness and Johnson 
(14). The following equations illustrate how the 
amphoterism of zinc hydroxide can be considered as 
proton exchange between the coordinated units (either 
OH~ or HO), of the zinc complex and water, hydroxyl, 
or hydronium ions in the solution. 

Zn(H.O),++ + 2H,O — 2H;0* + Zn(H2O)2(OH): solid 














here 
lines 
iting 
ized 
defi- 


slec- 


+3) 
ally 
eXes 
ling 
the 
all 
ility 
The 
e of 
Ives 
ted. 
1 as 
» be 
Lrric 


1 of 
ting 
ida- 
10st 
ver- 
alt- 
tic 
the 
ion, 
ital 
The 


uire 
ted 
tion 
ling 
isis 
and 
ates 
the 
DUS. 
the 
her 
the 
+7) 


sta- 
eid 
ted 

be 
sed 
son 
the 

as 
her 
cyl, 








OCTOBER, 1948 


Zn(H,0)2(OH): + 20H- — 2H,0 + Zn(OH)= 
Zn(H20)2:(OH)2 + 2H;0+ — 2H.0 + Zn(H.0),.*+* 


The behavior of aluminum hydroxide can be inter- 
preted by a similar set of equations involving the 
tetrahedral complexes, Al(OH),=, Al(OH);(H2O), and 
Al(H,O0)4+++. Some authors assign a coordination 
number of six to the aluminum for analogous equations 
(15,16). This is possible, but would require the alumi- 
num to involve its d orbitals of the same principal 
quantum number as its available s and p orbitals. 
These d orbitals would be expected to be of somewhat 
higher energy. This situation is analogous to that 
mentioned above for the octahedral complexes of 
Sn (+4). 

The hydrated ion Al(H2O)s+*++ is recognized as an 
octahedral complex in crystals and aqueous solutions. 
It is uncertain, however, whether it persists in such 
orientation when exchanging H.,O for OH~ as postu- 
lated above. It is also likely that its size and general 
electropositive tendencies would favor establishing of 
bonds of ionic character rather than pure covalencies. 
The dissolving of chromic hydroxide in strongly alkaline 
solution might be explained by a similar argument if it 
is truly evidence of amphoterism and not colloidal 
peptization. 

The interference of various anions with the successful 
analysis of this group of cations is another illustration 
of the ease with which they form coordinated stable 
complexes. Ferric, aluminum, and chromium especially 
are capable of forming fluoride, oxalate, and often 
borate complexes which completely block the ordinary 
analytical reactions. The action of the oxalate ion 
is of special interest since it will arrange itself to accept 
two of the coordination locations about the central 
cation. This is an example of the widely encountered 
phenomenon of ‘chelation’ (17). The term implies 
the cyclic nature of the coordinating unit, like the hook 
of a lobster’s-claw. Trivalent cations with available 
octahedral orbitals become surrounded by three oxalates 
so that each end of the latter is involved with one of the 
hybrid orbitals. The resulting complex, e. g., Fe- 
(C.04)3", is thus electronically and structurally the 
equivalent of any other octahedral arrangement of six 
single coordinating units, e. g., the interfering FeF5=. 

In the case of the oxalate, both of the anionic ends 
(—COO-—) of the molecule are involved as donors of 
electron pairs in the coordination with the central atom. 
As Diehl (17) points out, this is actually a special case of 
the chelation phenomenon. Often a pair of electrons ina 
“neutral’’ portion of the attaching molecule is involved. 
This usually occurs with molecules having a con- 
veniently placed nitrogen atom. It is illustrated by 
the action of the familiar and invariably used” specific 
reagent for nickel, dimethyl glyoxime, which assumes a 
cyclic arrangement about the central Nit+*+. The 
diagram indicates that-each nitrogen is located at the 
corners of a square with the nickel in the center. A 


‘ 
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pair of electrons from each of these nitrogens is avail- 
able to fill the hybrid spd? orbitals of the Ni**. 


ee ee 
O=N N—O 
Ps bs Re 2 ix 
H Ni H 
sy 
ihe ‘7 O 
H;C—C C—CH; 


Many other specific reagents have been discovered 
among similar organic molecules capable of forming 
resonating complexes by chelation. A-nitroso-8-naph- 
thol for cobalt and cupferron for iron are frequently 
employed in this way. 


CONCLUSION 


It is hoped that the foregoing discussion has indicated 
one more useful angle of approach to our problems of 
visualizing and recognizing consistencies in chemical 
behavior. The “orbital” is not intended to be a 
startling structural implication, but merely a con- 
venient vocabulary into which to translate electronic 
structure for interpretative purposes. Nor is it to be 
used as a magical work intended to make possible a 
correlation of all known reactions with the spectros- 
copist’s electron designations. The fact that it does 
allow new consistencies to become apparent, though, 
does suggest its value as a means of analyzing many 
chemical phenomena left a puzzle by other representa- 
tions of atomic and molecular structure. 
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© VISUALIZATION: 





A STEP TO 


UNDERSTANDING 


Liarnine is motivated by interest and understand- 
ing by visualization. A very fundamental step in teach- 
ing a student to comprehend is to teach him to think; 
to do that well he must be taught to visualize. Modern 
education has keynoted the program of teaching to 
think—sometimes perhaps, without giving the student 
enough to think about or at the expense of the subject 
matter. Nevertheless, the problem of teaching a stu- 
dent to think well is an essential objective of every class 
meeting. An approach to that objective is through, 
first, proper classification or organization of facts or data 
to point up the problem or issue; and second, visualiza- 
tion of the situation to make possible the correct inter- 
pretation or conclusions. Most of us teachers can take 
the first step but fail at the second. Van Loon in his 
book ‘‘Whither Mankind” has aptly classified people on 
the basis of those two steps. He says ‘‘there are two 
kinds of people: (1) those who classify—‘‘homo classi- 
ficans’; and (2) those who do—‘“homo agitans.” 
(This must apply to college professors.) Those of the 
first group he calls creatures of habit. But those of the 
second group he implies are the ones who are able to 
visualize the situation and then do; it is their method 
we need to study as pupils and as teachers. 

We find many excellent examples of the fruits of 
visualization in the field of chemistry; for example: 
(1) Dalton’s concept of atoms; (2) the whole field of 
structural organic chemistry including Kekule’s idea of 
the structure of organic compounds (here, as the story 
goes, ‘homo agitans’’ used an artificial stimulant not to 
be recommended for teachers); (3) Bohr’s concept of 
the atom; and (4) modern nuclear chemistry. Many 
specific examples could be mentioned also, among which 
is the method used by Michael Faraday. It is said that 
the great Faraday did not have facility in the use of 
technical mathematics so he invented a private picto- 
rial system for explaining his data and electromagnetic 
fields. That visual approach, 7. e., his “tubes of 
force,” proved to be a valuable concept which Maxwell 
later translated into the more familiar language of 
mathematics. That work laid the basis for Einstein’s 
theory of relativity. 

A clear perspective of our field of study, which, for 
our discussion we shall limit to general chemistry, re- 
quires first the visualization of its frontiers or horizons, 
and second a visualization of the core of subject matter 
and ideas that give a simple, cgnsistent pattern to the 
field. Both of these are necessary to give a consist- 
ent pattern within the field of study and a consistent in- 
tegration of general chemistry with other sciences. 
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The facts learned in this area of study will then no 
longer appear as isolated abstractions but rather they 
will be a consistent part of the whole body of science. 


VISUALIZATION OF THE HORIZONS OF OUR FIELD 


The subject matter of general chemistry must always 
be taught against the backdrop of the frontiers or hori- 
zons of science and even of life itself. The teacher must 
be able to visualize these frontiers and to give each sub- 
ject its proper orientation with respect to that back- 
ground. Each subject i..en can be made to live in the 
minds of the teachers and students, as a consistent, inte- 
gral part of a larger order of things. For example: 


What does the law of conservation of mass mean 
today unless one’s knowledge includes within its hori- 
zon the utility of the Einstein equation? 

What does the simple phenomenon of solubility 
mean unless one’s knowledge includes within its hori- 
zon the myriad kinds of attractive or bonding forces 
between particles? 

How meaningful can the teaching of metals and 
nonmetals be unless one’s horizons include a concept 
of the factors affecting the relative electron affinity 
of atoms? 

What does the definition of energy mean unless one 
has a concept of the different mechanisms by which a 
molecule can absorb energy? 

And finally, what does the knowledge of the whole 
field of chemistry mean unless the horizons include 
our place in a free society? 


The perspective of the field goes far beyond the writ- 
ten word in general chemistry. When one can visualize 
the subject matter of general chemistry against the back- 
drop of these horizons he is ready to organize the core of 
his subject matter within his field. Now we turn to the 
core of subject matter. 


VISUALIZATION OF THE CORE OF THE SUBJECT 
MATTER 


There are so many things to teach in general chemis- 
try that a syllabus or a textbook of the course may seem 
to many students (and teachers) to be an arbitrary and 
heterogeneous collection of ideas and facts. However, a 
clear perspective of the core of the subject matter will 
reveal that this mass of seemingly unrelated material 
can be correlated and taught from the viewpoint of a 
relatively few fundamental concepts. The teacher must 
be able to visualize the pattern of these concepts in or- 
der to give clarity and consistency to his subject matter. 
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Visualization of the Pattern. It then becomes a funda- 
mental objective to teach the student how to visualize 
the subject matter pattern and to follow the golden 
thread that weaves the theory pattern. 

Let us attempt to illustrate what we mean. Can you 
visualize much of the core of the principles of a course in 
general chemistry built around the concept of particles, 
structure, and interaction? Let’s try it. Think back 
over the usual subject matter of general chemistry and 
what do we find? That many of the topics are treated 
in terms of particles, their number, attractive forces, 
and interactions. Here are some of them. 

Particles and Their Forces. 1. Classification of mat- 
ter—depends upon the type of building block or par- 
ticle. 

2. Energy—results from the motion or possible mo- 
tion of particles of matter. 

3. Atomic theory—is necessary to explain the laws 
of chemical combination and many other common phe- 
nomena. 

4. States of matter—are essentially explained in 
terms of particles and their attraction for each other. 

5. Solubility—explained in terms of relative attrac- 
tive forces between various particles. 

6. Raoult’s law—explained in terms of numbers of 
particles. 

7. Equilibria and rates of reactions—movement and 
interaction of particles. 

8. Colloidal state—a state of subdivision of par- 
ticles. 

9. Structural organic—geometrical arrangement of 
particles. 

10. Catalysis—new paths for reaction of particles. 

But how can the student grasp this pattern? The 
teacher must be clever to weave the pattern so the 
student can follow and be 
inspired to try to do it him- 
self. Let’s look at a few 
examples. 

On the first day you 
usually classify matter as 
elements, compounds, and 
mixtures and then define 
an element as a substance 
made of one type of. 
building block—the atom. 
Next you give further evi- 
dence for the particle na- 
ture of matter and the 
particle concept is clinched. 
Now you find out some- 
thing about these particles 
—they have a structure 
like our solar ‘system with’ 
a positive charge in the 
center and have electrons 
around that charge. This 
leads to the idea of attrac- 
tive forces, the stronger 
ones of which may lead to 
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chemical combination and the weaker ones to such phe- 
nomena as the liquefaction of gases. These attractive 
forces are evidenced again in the deviations from the gas 
laws and they are very, very useful to explain heats of 
vaporization and fusion, surface tension, viscosity, solu- 
bility, and the nature of the solid and liquid states. 

Now let: the student try his own wings on this—ask 
him what causes such a common thing as a meniscus. 
If he can visualize the effect of relative attractive forces 
of the particles, he can answer you readily. Then why 
is the meniscus inverted in the case of mercury or in the 
case of water where an oil film is over the glass surface? 
His answer here is now an extension of his previous rea- 
soning. Now you are ready to carry this concept over to 
interpret solubility—-why do some liquids mix and 
others separate into two layers? He is also ready to ex- 
plain the case of very soluble gases, then the case of the 
solubility of ionic compounds. He visualizes these at- 
tractive forces between particles as varying all the way 
from very weak van der Waals’ forces to those that pro- 
duce chemical combination. In solutions they are the 
answer to the question, ‘why does a substance dis- 
solve?” If the attractive forces are of the same order of 
magnitude the solute will be soluble—if not, the solute 
particles can be visualized as effectively squeezed out of 
solution. 

And how is energy related to this story? Can the 
student visualize a particle in motion (or the possible 
motion of a particle) and has he the concept of how en- 
ergy is associated with matter (except atomic energy)? 
The particle may vibrate in a solid, it may break away 
from its fixed position (heat of fusion), it may have en- 
ergy of translation, it may break away from its neigh- 
bors (heat of vaporization), it may rotate, vibrate or 
move, it may dissociate into atoms (heat of dissocia- 
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Figure 2, The Hydrogen Halides, Showing Relative Sizes 


tion), the atoms may strip off their electrons (energy of 
ionization)—all that to absorb energy—and thus he has 
covered the temperature range from absolute zero to the 
hottest stars. 

These items involve the concept of molecules in 
motion and their attractions. They are helpful in spin- 
ning this story and in weaving the pattern of this part of 
our subject. 

Visualization of Structure. Now think again of the 
remainder of the subjects usually taught—how many of 
them can be understood through the discussion of 
structure, interaction and properties of particles? Here 
are some of them: 

Structure and relative electron affinity; (a) periodic 
relationships and families; (b) driving force of chemical 
combination; (c) types of chemical bonds; (d) acidic 
and basic properties; (e) metals and nonmetals; (f) 
complex formation; (g) color; (h) crystal properties. 

H.H.Sisler has described (see page 562) how the simple 
concept of structure can be used to predict physical and 
chemical properties. He showed the variety of predic- 
tions that can be made if one recognizes the factors that 
affect the relative electron affinity of atoms; among 
those are most of the topics listed above, 7. e., type of 
bond, driving force of chemical combination, acidic and 
basic properties, metallic and nonmetallic properties, 
and crystal form. All of these predictions can be 
clearly realized if the student can be taught first to visu- 
alize the structure and then get the concept of the rela- 
tive electron affinity of atoms. Other items that come 
directly out of the concept structure are periodic rela- 
tionships, color, and complex formation. 

Visualization of Size and Configuration of Particles. 
There remains another item that must not be over- 
looked in this whole scheme of visualization—namely, 
teaching a student to visualize relative sizes and con- 
figurations. This will be of great value to him in his 
understanding of phenomena dependent upon such 
factors. For example, in Figure 1 is shown the Periodic 
Table with the atoms sketched to size as described by 
Professor Campbell.'! Use of such a table proves to be 


1 CaMPBELL, J. A., J. CHEM. Epvc., 23, 525 (1946). 











JOURNAL OF CHEMICAL EDUCATION 


most helpful in teaching the student to visualize rela- 
tive sizes of atoms and ions and the attending proper- 
ties associated with that factor. 

Configuration is also easy to visualize after one has 
used molecular models. There are a number of these on 
the market but some of the best models of the inorganic 
substances for demonstration use are those such as are 
pictured by Professor Campbell? Figure 2. Think how 
much easier it is for the student to understand the text- 
book statements about the stability of HF, HCl, HBr, 
and HI after he has seen those models. 

Recently we have built a number of water: molecules 
with the 105° bond angle and in which the oxygen and 
hydrogen atoms have relative weights of 16:1 (see Fig- 
ure 3). This has proved to be a very useful model in 
teaching relative atomic weights. 

Still another useful type of visualization is that of the 
relative distances of the electron levels. Unfortunately, 
this may be misleading, for the old Bohr model must be 
used, but nevertheless with the proper caution it can be 
used very effectively. An example of this is that of the 
sodium atom which was described recently by Dr. 
Hall.* Such a model can be most useful in helping the 
student to visualize structure. From such a mental 
picture can come a clearer understanding of the reason 
for such properties of the alkali metals as high chemical 
activity, univalency, softness, and malleability. 


VISUAL METHODS 


There are many useful methods for teaching a student 
to visualize. One of the best teachers I ever had 
developed a set of gestures with his hands which was 
more effective than any other technique I have ever 
seen. He could make molecules fairly live as he demon- 
strated their movements, attractive forces, structures, 
and interactions. 

Other useful types of visual aids are posters, slides, 





2 CampBELL, J. A., ibid., 25, 200 (1948). 
3 Hat, G., ibid., 24, 564 (1947). 





Figure 3. Water Molecule with the ratio of Weights of the Oxygen 
and Hydregen Atoms 16:1 
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movies, strip film, and cartoons. Any of them if used 
judiciously can be very useful. 

Lastly, there are models and demonstrations. These 
consume time and energy to prepare and to use but if 
properly planned and used they are some of the most 
efficient methods of teaching. A discussion of these is 
yet another story. 


CONCLUSION 


Of course, this argument is greatly oversimplified but 
the conclusion is now obvious: the mental picture of 
molecules in motion, the simple structural facts, and a 
picture of size and configuration of atoms and molecules 
make it possible to build most of the core of our course 
in general chemistry in a consistent pattern which is a 
solid foundation for further work, and which gives a 
very simple treatment of most of the topics. In this 
way, general chemistry is no longer a collection of seem- 
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ingly unrelated facts—it has a golden thread of simple, 
sound logic on which to relate the necessary descriptive 
material. 

In many respects we do a good job of teaching the 
student to be conscious of atomic weight and structure, 
we do fairly well in teaching him to be particle-con- 
scious, but we are only beginning to try to make him 
conscious of size, configuration, and attractive forces in 
general chemistry. But these things must be done if we 
are to realize the objective of teaching a student to 
think beyond the process of merely remembering. If 
we challenge our students to ask “why?” we must give 
them a basis of theory from which they can soon learn 
with confidence to think out a logical, reasonable an- 
swer. Theory and core must bring a soundness which 
will give to all students the proper perspective of the 
“method of science’’ and to those who specialize a firm 
basis for the rest of their work. 


& A CONSISTENT TREATMENT OF OXIDATION- 


REDUCTION 


A rrarnep cuemist can almost invariably inspect a 
chemical equation and ascertain at a glance whether 
or not the reaction represented belongs to the type 
called oxidation-reduction. Obviously, the concept 
of oxidation-reduction is clearly established and 
generally accepted. 

The usual definitions of, oxidation and reduction 
have gained equally wide acceptance. Oxidation is 
defined as a chemical change involving a loss of elec- 
trons, reduction as a chemical change involving a 
gain of electrons. Thus, oxidation-reduction reactions 
are held to be fundamentally different from all other 
types of chemical transformations. From these defi- 
nitions the inference is usually drawn that all syste- 
matic methods for balancing oxidation-reduction equa- 
tions depend ultimately upon the axiom that, in any 
complete electron transfer, the total number of electrons 
gained by one atom or group of atoms must be equal 
to the number of electrons lost by a second atom or 
group of atoms. 

General acceptance of these definitions came largely 
during the five-year period from 1925-1930, as a result 
of the forceful arguments presented by leading chemis- 
try teachers of the day, who described the advantages 
of the ion-electron method, as opposed to some of the 
antiquated and cumbersome methods then in vogue for 
balancing oxidation-reduction equations. ‘The fact 
that the introduction of the ion-electron method clearly 
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marked a significant advance in chemical thinking on 
the subject may perhaps have led to a somewhat un- 
critical acceptance of the definitions which classified all 
oxidation-reduction as chemical changes involving com- 
plete electron transfer. G. N. Lewis had already 
demonstrated that in nonionized linkages, electrons are 
not completely transferred. But the full significance 
of Lewis’ ideas did not at first strike home. In the 
meantime, the complete electron-transfer definitions of 
oxidation-reduction became established in the chemical 
literature equally as firmly as they did in the minds of 
teachers of chemistry. 


DEFINITION VS. CONCEPT . 


We have now reached the stage in our understanding 
of chemical structure where the fact that not all 
reactions which by universal agreement are classified as 
oxidation-reductions do involve complete electron 
transfer has become so obvious as to be somewhat dis- 
turbing. In fact, it is undoubtedly true that all of us, 
in judging whether or not given reactions are oxidation- 
reductions, in a majority of cases apply some criterion 
other than that of electron transfer; in many clear-cut 
cases of oxidation-reduction, we should find it impossible 
to show, in terms of our accepted definitions, why the 
reactions were so classified. In other words, it appears 
that our accepted definitions of oxidation-reduction do 
not coincide with our accepted concept of oxidation- 
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reduction. This divergence between definition and 
concept has no doubt troubled many teachers of chem- 
istry. In so far as it does exist, we should, in the 
interests of logic and fairness to our students, reconsider 
either the definitions, or the concept, or both. But the 
concept has proved eminently utilitarian. And the 
definitions have served so neatly to catalog oxidation- 
reduction as a mode of chemical reaction fundamentally 
different from all other types that any challenging of 
them would be quite discomforting. The electron-trans- 
fer definitions have, in fact, become so closely identified 
with all that is revered as “modern” in chemistry that 
only a hopeless chemical reactionary would question 
them. 

Consequently, we usually dismiss the problem by 
stating that the exceptions to our definitions are too in- 
frequent and too unimportant to warrant consideration. 
Obviously, however, even if there were but a single 
exception, logic should compel us to be concerned. It 
becomes even more apparent that the gap between 
definition and concept cannot be so cavalierly dismissed 
when we realize that many oxidation-reduction re- 
actions which occur in nature probably do not involve 
complete electron transfer, or that over half of the 
energy used by society in its present state of civilization 
is supplied directly by oxidation-reduction reactions 
which almost certainly are not complete electron 
transfers. In addition, the definitions are seen to apply 
somewhat fuzzily to a large number of familiar labora- 
tory redox reactions when the nature of these reactions 
is examined critically. 


DEFINITIONS NOT DIRECTLY APPLICABLE 


As a first requirement, a definition of oxidation- 
reduction which is taught to beginning students should 
certainly be directly applicable on the basis of the 
initial and final states of a reaction, without regard to its 
mechanism, real or assumed. That our electron trans- 
fer definitions do not satisfy this requirement is im- 
mediately apparent upon inspection of a few typical 
examples. ; 

In reactions involving elements and simple ions‘ or 
ionic compounds, identification of oxidation with com- 
plete loss of electrons and of reduction with complete 
gain of electrons is entirely valid. This relationship 
may be illustrated by means of such simple reactions as 
the following: 

Zn + 2Ag* — Zn** + 2Ag 
2K + Cl — 2K+* + 2 Cl- 
2Br- + F. — Bre + 2F- 


The zinc, the potassium, and the bromide ion have 
lost electrons and have, therefore, been oxidized; con- 
versely, the silver ion, the chlorine, and fluorine have 
gained electrons and have, therefore, been reduced. 

Such clear-cut cases of electron transfer between 
atoms or simple ions are obviously oxidation-reduction; 
it does not follow, however, that all oxidation-reduction 
involves complete electron transfer. 

Let us consider, for example, a familiar reaction 
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which is of primary importance in our civilization—the 
complete combustion of carbon to carbon dioxide: 


C + O: + CO, 
-C- + :0=0: — 0::0::0 


By universal agreement, the carbon is oxidized by four 
units. Ignoring the various resonance structures of 
carbon dioxide, consideration of which would not 
alter the basic argument, we see that the carbon has 
not lost four electrons. Had it done so, it would exist in 
the carbon dioxide molecule as:a quadrivalent carbon 
ion Ct‘, an assumption which is entirely inadmissible. 
It is often argued that, although the carbon atom does 
not actually lose four electrons outright to the oxygen 
atoms, nevertheless these electrons are somewhat 
“shifted” away from the carbon toward the oxygens. 
In discussing this argument we shall adopt the language 
of organic chemistry and, for the sake of simplicity in 
expression, speak of electron shifts, realizing that we are 
taking broad license with the findings of wave and 
quantum mechanicists. We may say, then, that 
virtually all chemical reactions involve electron shifts 
toward certain atoms and away from others; where 
then does oxidation-reduction stop and where do other 
types of reaction begin? 
In the reaction 


H H 
6:6 + K+, Hoi + K+, Cl- 
H H 


we say that the electron pair is definitely shifted closer 
to the carbon atom in methyl iodide than it was in 
methyl chloride. But this is not oxidation-reduction. 

On the other hand, in the oxidation of carbon to 
carbon monoxide, no appreciable shift of electrons 
away from the carbon atom can be claimed: 


2-C: +:0=0: 4 bb: me SEs ihe ais 11:6: | 
A B C 


The dipole moment of carbon monoxide is very nearly 
zero, indicating that structures A and C contribute al- 
most equally to the normal state of the carbon mon- 
oxide molecule. Certainly, any supposed shift of 
electrons away from the carbon in its oxidation to car- 
bon monoxide cannot be so great as that in the change 
from methyl iodide to methyl chloride, a reaction in 
which the carbon is not considered to be oxidized. 

Even more interesting are types of reactions in which 
the elements oxidized appear to undergo an actual in- 
crease in electron density. The transformation of 
acetaldehyde to acetate ion, to cite only a single 
example, is recognized as oxidation: 


ce) O 
f 7 
3CH;— < + 2Mn0,~ + OH- > manila + 2Mn0; + 
H ae 


2H:0 
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:0: > :0: :0:7- 
CH;—C CH;—Ct CH;—C CH;—C 
\ :O: “ 
H H ass 302 
A yg B B’ 


But a comparison of the resonance structures (A and A’) 
for acetaldehyde with those (B and B’) for acetate ion 
reveals that the electron density of the carbonyl carbon 
atom in acetaldehyde is increased by its oxidation to 
acetate ion. In fact, the electron density of the acetate 
ion as a whole is greater than that of the acetaldehyde 
molecule. 

But let us turn to inorganic reactions of the type 
commonly encountered in the general chemistry course. 
Consider the reaction in which sulfite ion is oxidized by 
permanganate ion in acid solution: 


2MnO,- + 5SO;" + 6Ht+ — 2Mn** + 580," + 3H:0 


In the present state of our knowledge it is quite im- 
possible to assign a certain fraction of the valence 
electrons in the permanganate ion to the manganese 
atom and a certain fraction to the oxygen atoms. 
Hence, we cannot tell on the basis of the complete 
equation alone whether the permanganate ion has 
gained or lost electrons, unless we make the totally un- 
tenable assumption that the manganese is stripped of 
seven valence electrons and exists in the permanganate 
on as a heptavalent ion, Mn+’. 

There is no valid process of reasoning by which one 
can, on the sole basis of initial and final states of the 
total reaction, arrive at the conclusion that per- 
manganate ion has gained five electrons in its reduction 
to manganous ion. This conclusion rests entirely 
upon an assumed mechanism, 7. e., the half-cell reaction. 
It follows, therefore, that the accepted definition of 
oxidation-reduction cannot be applied simply on the 
basis of the initial and final states of a total reaction. 
For further explanation of its validity, we are forced 
to turn to speculations regarding the mechanism of 
redox reactions. 


ARGUMENT BASED ON MECHANISM 


Most oxidation-reduction reactions which occur 
spontaneously in aqueous solution can be carried out 
as cell reactions, with the oxidation taking place at the 
anode (the electrode to which electrons are supplied 
from the solution) and the reduction at the cathode 
(the electrode from which electrons are removed by the 
solution). For the oxidation of sulfite ion by per- 
manganate ion, the over-all equation for the complete 
reaction may be arrived at as the sum of the actual 
electrode reactions: 


2 >< (MnO,- + 8H+ + 5e- = Mn++ + 4H,0) 
5 X (SO;" + H.O — 2e- = SO.- + 2H*) 








2MnO,~ + 5803" + 6H*— 2Mn*+ + 5SO,- + 3H.0 


Let us look somewhat more critically at the’ half-cell 
reaction for the reduction of permanganate ion. The 
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acid permanganate has indeed gained five electrons. 
But have they been gained specifically by the recognized 
oxidizing agent, permanganate ion? The manganese 
and oxygen atoms on the left side of the equation are 
associated with an ion which bears a single negative 
charge; on the right, these atoms appear in an ion and 
molecule with a total positive charge of two. From 
this standpoint, one might conclude that the man- 
ganese and oxygen atoms together have actually lost 
three electrons, which, together with the five electrons 
supplied by the electrode, have actually been-gained by 
the hydrogen ions. Or if the electrons constituting all 
the covalent bonds are considered to be shared approxi- 
mately equally by the two atoms concerned, we arrive 
at the following electron changes in proceeding from 
left to right in the equation: 

For 1 manganese 4e- — 5e— Total gain, le 

For 4 oxygens 7e~ — 6e- Total loss, 4e- 

For 8 hydrogen ions O0e~ — le~ Total gain, 8e~ 
The manganese appears to have gained one electron, 
each of the four oxygen atoms to have lost one, and the 
eight hydrogen ions to have gained a total of eight 
electrons. 

It is apparent, then, that attempts to assign a specific 
electron gain or loss to each atom or ion in a partial 
equation of this type are rather futile; we do not as yet 
know enough about the nature of covalent bonds to do 
so, and different conventions lead to different results. 
In any case, however, two interesting facts emerge: 
(1) the electrons gained are certainly not taken on ex- 
clusively by the accepted oxidizing agent, the perman- 
ganate ion; and (2) the hydrogen ions play an im- 
portant role in absorbing the electrons gained by the 
system. The latter statement gains support from the 
fact that in all half-cell reactions in which either hydro- 
gen ion, water, or hydroxide ion is involved, the pH of 
the solution is increased during reduction and decreased 
during oxidation. Thus, in the half-cell oxidation of 
sulfite ion to sulfate ion, two electrons are lost by the 
system, though apparently not by the sulfite ion, and 
the pH of the solution is decreased. 

In considering these relationships, we are skirting the 
solution to a pertinent question that may profitably be 
raised here. We have found it easy to believe that in 
half-cell reactions the ion conventionally regarded as 
the oxidizing agent is completely responsible for 
absorbing the electrons taken up at the cathode, be- 
cause of the fact that the number of electrons gained 
by the system is equal to the observed decrease in 
oxidation number for the oxidizing agent. If a decrease 
in oxidation number cannot be completely identified 
with a gain of electrons why is this equivalence noted? 
Consideration of a rather simple case will show that 
this relationship is a consequence of the conventions 
adopted for calculating oxidation numbers. 

SeO,- + 2H+t + 2e- = SeO;" +H,.0 


0 7 
O:Se:0 0:Se:0 
O oO 
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Let us consider the equation for the half-cell reac- 
tion in which selenate ion is reduced to selenite ion. 
There is no change in the number of valence electrons 
about selenium in the reduction from selenate to 
selenite ion. But because combined oxygen is assigned 
an oxidation number of —2, the loss of a single oxygen 
reduces the oxidation number of selenium by two units. 
Obviously, it is precisely this oxygen which requires the 
two hydrogen ions to form a molecule of water, and the 
charge on these ions must be balanced by the addition 
of two electrons. Here the element reduced exists in an 
ion whose sign does not change in the reaction; hence 
the electron gain is exactly twice the number of oxygen 
atoms lost by the oxidizing agent. It should be noted 
that we are making no assumptions concerning the form 
which the oxygen takes as it leaves the selenate ion; the 
discussion is based entirely upon initial and final states, 
and the fact that selenium neither gains nor loses 
valence electrons in its change from selenate to selenite 
ion cannot be denied. 

In the more complex half-cell reaction, MnOy~ + 
8H+ + 5e- S Mnt+ + 4H,0, the change from per- 
manganate to manganous ion supplies four oxygen 
atoms, which require eight protons to form four mole- 
cules of water. Now if the charge on the permangan- 
ate and manganous ions were the same, the decrease in 
oxidation number for manganese would be ezght and 
eight electrons would be required to balance the charges 
on the hydrogen ions. But the charge on the mangan- 
ous ion is three units higher, algebraically, than that on 
the permanganate ion. This means that the decrease 
in the oxidation number of manganese is not eight, but 
eight minus three, or five. At the same time, the in- 
crease in charge from —1 in permanganate ion to +2 
in manganous ion brings about the release of three of 
the eight electrons required for the eight hydrogen 
ions; hence only five need be supplied at the electrode. 

By similar arguments, it may be shown that the 
equivalence of gain in oxidation number and loss of 
electrons in an oxidation which takes place in a half-cell 
is merely a logical consequence of the rules for geter- 
mining oxidation numbers. 

Whatever may be the exact fate of the transferred 
electrons in half-cell reactions, we are not certain that 
the mechanism of the reaction which takes place when 
the oxidant and reductant are brought into actual 
contact is a combination of the two half-cell 
mechanisms. One may well question, for example, 
whether the actual mechanism of the oxidation of 
sulfite by permanganate ion, 2MnQ,~ + 5SO3;= + 
6H+ — 2Mn++ + 580. + 3H,0, is not. simpler 
than that indicated by the half-reactions. 

Even stronger suspicions are aroused where the com- 
plete equation shows no electron gain or Joss whatso- 
ever. If the groups which appear to participate in the 
electron transfer in the half-cell' reactions cancel each 





1 It is significant, also, that many complete equations which 
are the sums of two half-cell equations, represent reactions which 
are not of the redox type. 
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other in the over-all reaction, it seems unnecessary to 
assume that electron gain and loss must occur when the 
reaction takes place in asingle vessel. In the oxidation 
of sulfite by selenate ion in acid solution, for example, 

SeO,- + 2H+ + 2e- = SeO;- + H2O 

SO;- + H,O — 2e- = SO." + 2H+ 

SeO,- + SO;- — SeO;- + SO," 





the electron transfer seems to have centered about the 
water molecules and hydrogen ions, which do not ap- 
pear in the complete equation. 


ARBITRARY NATURE OF CONCEPT 


If, as appears certain, our present definitions for 
oxidation-reduction cannot serve as the criterion by 
which we classify reactions, so long as we retain our 
present concept of oxidation-reduction, we may of 
course alter the concept. In advanced study, either a 
more limited concept comprising only reactions in- 
volving a complete electron transfer, or a broader 
concept based on increase and decrease in electron 
density, would have advantages. But in the general 
course our present concept is of tremendous value in 
that it provides the framework within which a high 
degree of systematization is possible. But we err in 
attempting to maintain that, according to our present 
concept, oxidation-reduction is a fundamental type of 
reaction, different from all other types. The following 
pairs of equations will serve further to illustrate this 


fact: 
ee 2 
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The first transformation of each pair is generally re- 
garded as oxidation-reduction, the second is not. 
Similarly, reactions as the additions of hydrogen bro- 
mide and of bromine, respectively, to ethylene, reve! 
the arbitrary nature of the oxidation-reduction concept: 


H H H H nt 
HBr + ~:C—Ct — HC—C?+ + Br- — HC—CBr 
H.-H H H H.-H 











tl 


is 


«GC 
rela 
com 
in d 
fact 
und 
star 
edge 
or t 

If 
Gei 
in p 
Che 
ator 








y to 

the 
tion 
ple, 


the 
ap- 


for 

by 
our 
r of 
er 2 
in- 
ader 
tron 
eral 
e in 
high 
r in 
sent 
e of 
ving 
this 


bro- 
verl 
ept: 














OCTOBER, 1948 
H H H H H 

Br—Br + ~:C—C+ — BrC—C+ + Br- — BrC—CBr 
[3 lal o | BH 1: Ga 


Despite the essential similarity of the mechanisms in 
the two cases, the carbon atom which adds the proton 
is considered to be reduced, whereas the carbon atom 
which adds the positive bromine ion is oxidized. 


A CONSISTENT DEFINITION 


Perhaps then, we might in our teaching to admit 
that our concept of oxidation-reduction, although 
highly useful, is, nevertheless, arbitrary, and define it, 
therefore, in admittedly arbitrary terms. We may 
then, not too reluctantly, fall back upon the simple 
definition of oxidation which gives it, more nearly than 
any other definition, its generally accepted meaning— 
namely, an increase in oxidation state. Reduction is 
a decrease in oxidation state. Calculation of oxidation 
number is based on the few simple oxidation state 
rules. For most students, use of the oxidation number 
idea is a time- and labor-saving device for many 
purposes, such as the writing of formulas, in balancing 
equations, in calculating equivalent weights, and as an 
aid to the memory. Complex equations, both ionic 
and molecular, are readily balanced by application of 
the oxidation number rules. The mathematical basis 
for the oxidation state method of balancing equations 
is inherent in the oxidation number rules and does 
not depend upon an equivalence of electron gain with 
electron loss. 
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In any balanced equation which we may represent in 
general as 


it follows that, whether A, B, C, and D represent 
molecules or ions, the algebraic sum of the oxidation 
numbers on the left side must be the same as the sum 
of the oxidation numbers on the right side of the 
equation. In other words, any atoms or ions can 
increase in oxidation number in the change represented 
by the equation only if other atoms or ions undergo an 
equivalent decrease in oxidation number. 

In all clear-cut cases of complete electron transfer 
between ions, and in half-reactions, the fact that elec- 
tron loss is oxidation and electron gain is reduction 
should certainly be stressed. Above all, we wish to 
emphasize that use of the new definitions by no means 
implies the rejection of the ion-electron method for 
balancing equations, where it is applicable, or of half- 
cell reactions. On the contrary, the importance of half- 
cell reactions in electrochemistry may be stressed with- 
out contradiction even when it is found that the com- 
plete equation for the cell reaction does not represent 
a redox change. 

The fundamental advantage of the proposed defini- 
tion of oxidation-reduction is simply that it is con- 
sistent with our accepted concept. Thus, through 
its use, we shall enable students to deal with oxidation- 
reduction reactions on the basis of the definitions which 
we teach them. For logical and consistent teaching 
we should do no less. 


‘ THE EXPERIMENTAL BASIS FOR THE STUDY 
OF ATOMIC STRUCTURE 


9? 66 ’ 


“Gricer counTER,” “cyclotron,’”’ and the names of 
related instruments are terms becoming increasingly 
common in everyday speech. The public reads them 
in discussions of atomic bombs and atomic energy. In 
fact, an appreciation of atomic science requires an 
understanding of these instruments. Such under- 
standing is probably far more important than is a knowl- 
edge of the lead chamber process or the Parkes process 
or the oxyacids of chlorine. 

If we are inclined, however, to say that discussion of 
Geiger counters and cyclotrons should be left to courses 
in physics, perhaps we should consider another factor. 
Chemistry courses are being based more and more upon 
atomic structure. But if atomic structure is to be 
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effectively applied it must be thoroughly understood by 
the students as well as by the instructor. Probably the 
best understanding of atomic structure can be gained by 
consideration of the research methods used in de- 
ciphering it. If we ignore the methods by which atomic 
structure is discovered, we lose our best opportunity to 
make of atomic structure a solid foundation for the re- 
mainder of the chemistry course. 

Suppose we do decide that consideration of atomic 
research instruments and methods is desirable in general 
chemistry. How shall we go about it? 

The principles fundamental in the operation of the 
cyclotron and other instruments can be conveniently 
and vividly shown by means of gas discharge tubes. In 
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fact, the effects are usually presented already, and all 
that is necessary is a little emphasis, together with 
attention paid to applications. 

The writer remembers gas discharge demonstrations 
shown to his class when he took freshmen chemistry in 
college. He’remembers the colored lights, and remem- 
bers wondering ‘‘What was the purpose of those demon- 
strations? What do they prove?” He has the impression 
that freshmen still wonder: ‘‘What do the pretty lights 
prove? The paddle wheels and wiggling beams are cute, 
but why were they shown?” Certainly the discussions 
in most of the general chemistry textbooks will leave the 
freshmen still wondering about the application of the 
discharge tube demonstrations—if he wonders at all. 

One cathode ray tube commonly shown has a cross 
mounted in its interior, and a shadow of the cross falls 
on the end of the tube that is opposite the cathode. It 
shows of eourse that the components of the ray come 
from the region of the cathode, travel in straight lines, 
and the fluorescence of the glass they hit is an evidence 
that they possess energy. 

In another tube frequently exhibited, a paddle wheel 
is caused to rotate by the beam from the cathode. The 
paddle wheel is given momentum, so the beam must 
have momentum. Momentum is mass X velocity; 
therefore the constituents of the beam must have mass 
as well as velocity. Also, they must have kinetic energy 
(1/gmv?). 

In one of the tubes the cathode beam passes between 
two plates mounted inside of the tube. These plates can 
be given electric charges. When one of the plates is 
charged positively and the other negatively, it is ob- 
served that the beam is deflected toward the positive 
plate. Evidently the beam is itself charged, and since 
like charges repel and unlike charges attract each other 
the charge of the cathode ray must be negative. 

(In the brief time available here, attention is being 
focussed on the discharge tube experiments and their 
applications. In the classroom, however, I should pre- 
cede this discussion with a consideration of Millikan’s 
oil-drop apparatus and experiments. Millikan showed 
electricity to be atomic in nature, the unit negative 
charge being the electron. The cathode ray, a beam of 
negative electricity, is composed of electrons.) 

The paths of the electrons become inclined toward one 
of the plates in the cathode ray tube under discussion. 
The electrons then are urged forward by the electro- 
static attraction, and their speed increases. In general, 
an electric field can change both the direction and the 
speed of electric charges. 

In another tube the beam of electrons falls upon a 
fluorescent screen set obliquely in its path. The path of 
the ray is thereby made apparent, and can be shown to 
be deflected by a magnet. Contrary to statements often 
found in textbooks, the deflection of the electrons is not 
toward either pole of the magnet (nor do magnets have 
plus and minus poles). The force causing the deflection 
is perpendicular to the magnetic field and perpendicular 
to the direction of motion of the charges. This can 


easily be observed if a horseshoe magnet is made to 
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straddle the beam in the cathode ray tube. The beam 
is deflected in a plane perpendicular to the magnetic 
field, and approaches neither pole. Furthermore, since 
the force resulting from the motion of an electric charge 
across a stationary magnetic field is always perpendi- 
cular to the direction of motion of the charge, the charge 
will neither gain nor lose speed. It will be pulled 
neither forward nor backward but only sideward. So, 
while it will change direction, it will not change speed— 
again contrary to statements frequently found in text- 
books. ‘ 

Another type of discharge tube contains a perforated 
electrode in the center of the tube and an ordinary 
electrode in the lower end. When the perforated elec- 
trode is made positive, negative particles are attracted 
toward it. Some of them fly through the perforations 
and hit the glass at the opposite or upper end of the 
tube, where a fluorescent glow results. A magnet 
brought nearby again causes the deflection of the elec- 
trons, evidenced by the shift in position of the fluores- 
cence. If the perforated electrode be made negative, 
however, a glow appears in the interior of the tube. 
Careful examination shows the glow to consist at least 
partly of a series of parallel beams which extend through 
the perforations into the upper half of the tube, there- 
fore apparently originating below the electrode. These 
beams are not noticeably deflected by the magnet. 
This tube contains a somewhat higher residual concen- 
tration of gas than have the preceding ones. Substitu- 
tion of a different gas results in a glow of a different 
color, as for example, the familiar orange of a neon sign 
if neon be used. 

The particles that coast through the perforations in 
this (now negative) electrode must be positively 
charged, or they would not have been attracted toward 
this electrode in the first place. The inability of our 
magnet to deflect them noticeably, however, indicates 
that they have greater inertia, therefore greater mass, 
than had the electrons in this region earlier. These fac- 
tors, together with the variations caused by substituting 
different gases, indicate that we are now dealing with 
the positively charged residues of gaseous atoms. The 
atoms have become ionized in collisions with electrons 
which were traversing the space between cathode and 
anode. 

(Let me state here parenthetically that when a par- 
ticle “collides” with an atom the particle seldom makes 
an actual direct hit on any of the atom’s components. 
Much more commonly, the encounter is a “near miss,” 
even though the projectile passes right through the 
atom. In the case of charged projectiles this near miss 
can result in the attracting or repelling of an electron 
out of its orbit and away from the atom. The atom is 
thereby left ionized. It is in this sense that “ionization 
through collision” is ordinarily to be interpreted.) 

The discharge tube experiments have shown a number 
of things. They have shown that neutral atoms can be 
broken into charged fragments (electrons and ions). 
They have shown that both ions and electrons have 
mass. Various other conclusions could be mentioned. 
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Three effects which have been observed, however, I wish 
to emphasize: 1, collisions of charged particles with gas 
molecules can result in ionization of the molecules; 2, 
charged particles are attracted by opposite charges and 
the particles’ paths and speeds can thereby be changed; 
3,a stationary magnetic field alters the path but not the 
speed of a charged particle, the deflection being in a 
plane perpendicular to the magnetic field. 

The reason for emphasizing these three effects is that 
these are principles utilized time and time again in the 
operation of the cyclotron, the Geiger counter, the mass 
spectrograph, and other atomic research instruments. 
Ionization of a gas bombarded by charged particles, 
and the effects of the electric field and the magnetic 
field on the paths of charged particles are applied re- 
peatedly in atomic research. 

Electroscopes of various kinds are among the com- 
monest instruments in nuclear research. They are used 
to detect and measure ionizing radiation. Projectiles 
being studied (such as beta particles) plough through 
the gas in the electroscope chamber, thereby producing 
ions. Some of these are repelled by the charged leaf or 
fiber, but others are attracted to it and neutralize the 
charge. The rate of collapse of the leaf or fiber is ob- 
served. Such use of the electroscope, then, applies two 
of the three factors emphasized above: ionization by 
collision and the effect of an electric field. 

These same two effects are applied in Geiger counters 
and related instruments. The essential parts of the 
counter are usually a wire and a surrounding cylinder. 
Inside of the cylinder is a small quantity of gas. The 
cylinder and wire are insulated from each other, and 
are part of an electrical circuit through which a current 
would flow were it not for the gap across the cylinder. 
Between cylinder and wire is a potential difference of 
about 1000 volts, rather high but not enough to cause 
sparking across the gap. A charged projectile traver- 
sing the chamber, however, produces ions in the gas. 
Ions and the dislodged electrons are attracted toward 
the oppositely charged cylinder and wire. The strong 
electric field accelerates the ions and, more rapidly, the 
electrons to high energies, so that they in turn ionize 
other gas molecules in collisions. These in turn ionize 
others, so that finally avalanches of charged particles 
reach the wire and cylinder. The potential difference 
is thereby reduced, the avalanches cease, and the coun- 
ter is ready to record the passage of another projectile. 
Each discharge of the instrument results in a momen- 
tary surge of current through the circuit. This current 
can be amplified and can actuate some form of counting 
device. We see then that the operation of the Geiger 
counter makes use of the phenomenon of ionization of 
a gas by charged particles and the effect of an electric 
field on the motions of charged particles. 

These same two effects are applied again in the 
ionization potential apparatus. This instrument is 
essentially a discharge tube containing the gas being 
studied. The cathode is a filament from which electrons 
evaporate. They are attracted toward the anode, 
which is at a slightly higher potential than the cathode. 
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The potential difference is gradually increased, and 
simultaneous readings are taken of potential difference 
and current through the tube. As the electrons 
journey toward the anode, they bump into molecules of 
the gas, bounce off and head toward the anode again. 
The greater the potential difference, the faster they 
make the trip and the greater the current. If the cur- 
rent is plotted against the three halves power of the 
potential difference a straight line graph is obtained. 
As the potential difference increases, however, a break 
in the straight line appears. The increase in curreni is 
abnormally great. Something different is occurring in 
the tube. The electrons from the filament are now 
being accelerated sufficiently that when one strikes a 


_molecule, the electron may have enough kinetic energy 


to knock an electron out of the molecule, instead of just 
bouncing off. Or, more accurately, instead of merely 
being repelled away from an orbital electron which it is 
approaching, the projectile now has enough momentum 
that it can approach the orbital electron more closely, 
close enough that their mutual repulsion is sufficient to 
knock the orbital electron away from its atom. But, in 
any case, in place of the original electron there are now 
two electrons and an ion journeying toward the elec- 
trodes. The increased number of particles accounts for 
the sudden increase in current. The potential differ- 
ence at which this break occurs is the “ionization 
potential” of the substance. Its measurement, we see, 
again involves the effect of an electric field on a charged 
particle and the ionization of gas molecules struck by 
charged particles. 

The cyclotron is more complicated. Its operation 
involves the effect of the magnetic field-as well as the 
electric field and ionization through collision. Imagine 
a flat, hollow cylinder cut into two D-shaped halves. 
These, pulled apart somewhat, are mounted horizon- 
tally in an evacuated chamber between the huge poles 
of an enormous electromagnet. The “dees” are elec- 
trodes which can be rapidly alternated in polarity. A 
small amount of hydrogen or helium is admitted into 
the evacuated chamber. Between and slightly below 
the dees is a filament from which electrons evaporate. 
They are accelerated upward, strike molecules of the 
gas, and ionize them. Let us fix our attention on one of 
the ions formed in the gap between the dees. It is 
attracted toward the negatively charged dee, which, we 
remember, is hollow. The ion gains speed, of course, 
in moving toward the dee, but once inside it is in an 
electric-field-free space, so there its speed is uniform. 
In the meantime, however, it is being acted upon by the 
vertical magnetic field, so its path is bent in the hori- 
zontal plane. The force due to the magnetic field is 
always at right angles to the motion of the particle, and 
the field is uniform, so the ion moves in a circular path. 
This brings it back to the gap between the dees. But in 
the meantime the polarity of the electrodes has re- 
versed. The other dee is now negative, and the ion is 
accelerated across the gap. Again it moves with uni- 
form, though now increased, speed through the dee. 
Again its path within the dee is a semicircle, but be- 
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cause of the greater speed of the particle, it is a semi- 
circle of larger radius. The increased speed and in- 
creased distance exactly counterbalance, so the particle 
upon reaching the gap again finds the polarity reversed. 
Again it is accelerated across the gap—and so on, and 
so on. It spirals outward in larger and larger semi- 
circles with correspondingly increasing speed. Finally 
when it nears the outer edge of one of the dees, the 
speeding ion is pulled outward by a negatively charged 
“deflecting plate’ and strikes the target which is being 
bombarded. 

The cyclotron, therefore, utilizes the three effects we 
have emphasized. Ionization through collisions pro- 
duces the projectiles, the magnetic field is used to curve 


their paths so that the projectiles will be given repeated , 


accelerations by the electric field. The electric field 
gives them these accelerations, and finally pulls the 
projectiles from the apparatus. It should be noted that 
the magnetic field does not change the speed of the par- 
ticles; this is done entirely by the electric field. 

What happens when projectiles from a cyclotron 
strike a target can be observed by means of a Wilson 
cloud chamber. The cloud chamber again applies the 
three effects we are discussing. This instrument may 
be piston-like, and contains a gas saturated with a 
vapor. Sudden expansion of the chamber results in 
cooling of the gas. At the lower temperature—and in 
spite of the larger volume—the vapor is supersaturated. 
Condensation will occur if suitable nuclei are present to 
start it. Ions are excellent condensation nuclei. If a 
charged projectile traverses the chamber at about the 
time of the expansion, the ions in its wake serve as 
nuclei for a string of fog droplets. This fog track can 
be photographed, thereby preserving a record of the 
path of the projectile. A magnetic field is sometimes 
applied. Curved paths then result, and from the direc- 
tion and magnitude of curvature, the charge and 
energy of the projectile can be deduced. The electric 
field is used in the cloud chamber ordinarily for a 
rather prosaic purpose—janitorial duty. Once the 
photograph is taken, the electric field is turned on and 
draws the charged droplets out of the chamber. The 
chamber is thereby swept clean, ready for another ex- 
pansion. The cloud chamber, too, then makes use of 
the magnetic and electric fields and ionization through 
passage of charged particles. 

In passing it might be noted that neutrons leave no 
track inacloud chamber. The neutron reveals its pres- 
ence only when it makes a direct hit on another par- 
ticle and ionization results from the direct collision. 
The number of such direct hits observed is very small 
compared with the number of ions noted along the path 
of a charged projectile. This is a basis for the earlier 
statement that the ionization caused by charged pro- 
jectiles is mostly due not to actual collisions but rather 
to electrons being attracted or repelled from their orbits 
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in near misses. Since the neutron can cause ionization 
only through actual collision it leaves no apparent path 
in the cloud chamber. 

The mass spectrograph also applies the effects we 
have been emphasizing. As in one of our gas discharge 
tubes, some of the ions formed when gas molecules are 
struck by electrons fly through a slit in the cathode. 
This beam of ions is led between charged plates, and 
its particles are deflected toward the negative plate. 
The particles of low kinetic energy are deflected more 
than those of high energy, and those of higher net 
charge are deflected more than those having a single 
unit of charge. The deflections in the electric field de- 
pend on the- particles’ energies and ionic charges only, 
and are independent of their masses. The dispersed 
beam then traverses a magnetic field. Again, the lower 
the energies and the higher the ionic charges the greater 
the deflections. This time, however, the deflections 
are also functions of the masses. The smaller the mass 
of the ion the greater the deflection. 

The result of the net deflections in the two fields is 
that ions having the same ratio of mass to charge are 
brought to a sharp focus. There is a position of focus 
for each mass-charge ratio. A photographic plate put 
in the line of these positions is exposed at the points of 
impact. The relative positions and degrees of exposure 
are measures of the relative masses and abundances of 
the various ionic species. The mass spectrograph there- 
fore also applies the three principles we have empha- 
sized: the gas is ionized by electrons; the ions are set 
in motion through the apparatus by one electric field 
and then deflected by another; they are given another 
deflection by a magnetic field. 

These are but examples. Other types of mass spec- 
trographs, counters, atom smashers, and other atomic 
research instruments could be described, and it could be 
shown that they, too, make use of: the ionization of a 
gas through bombardment with charged particles; the 
electric field, which can both deflect and change the 
speed of charged particles; and the stationary magnetic 
field, which can deflect the path but which cannot 
change the speed of a charged particle. An outstanding 
example of an instrument which cannot be discussed 
from this point of view is the betatron. It utilizes none 
of the effects emphasized, but rather, the effect of a 
changing magnetic field. 

I have attempted to show how the discussion of most 
atomic research instruments can be systematized and 
simplified by focusing attention upon three fundamental 
effects which can be demonstrated to a class in gas dis- 
charge tubes. 

The next step would be to discuss the information 
obtained through the use of the instruments, and the 
conclusions reached. Such an approach yields a solid 
comprehension of atomic structure upon which the 
remainder of the chemistry course can be built. 
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CONTEMPORARY ACID-BASE THEORY 


(PHE SUBJECT of acids and bases has been one of the 

most controversial in chemistry. Since the time when 
distinetive properties of acids and bases were first 
recognized, no less than seven different theories of acids 
and bases have been proposed. 

However, it is now possible to be certain of the trend 
toward greater generalization. One test of any theory 
is: How wide an area of facts does the same explana- 
tion cover? The history of our ideas about acids and 
bases is an excellent illustration of the gradual broaden- 
ing of an originally narrow concept. 

An equally important test of a new theory is: Does it 
give a more fundamental explanation of the facts upon 
which the old theory was based? Let us consider the 
characteristic experimental behavior of acids and bases. 

In the seventeenth century Robert Boyle listed the 
properties of acids in water solution as follows: 


(1) They have a sour taste. 

(2) They dissolve many substances. 

(3) They precipitate sulfur from its solution in bases. 

(4) They change blue plant dyes to red. 

(5) They lose all these properties on contact with 
bases. 


Of the five properties, the fourth and fifth are still 
definitive. The “plant dyes” which change color are 
now called indicators, and many are known that do not 
come from plants and that show other color changes. 
When the acid “loses its properties on contact with 
bases” the change is called neutralization. 

In Boyle’s description of acids, bases have been im- 
plicitly defined. The two properties of bases that are to 
be emphasized in this discussion are those which are 
opposite to the corresponding properties of acids. Bases 
in water solution change the red color of the plant dye 
(litmus) to blue, and they neutralize acids. 

So whether we are thinking of acids or bases the two 
properties to keep in mind are: (1), the ‘effect upon 
indicators; and (2), neutralization. In some way acids 
and bases are opposites, and one definition must depend 
upon the other. This is one aspect of their behavior 
that must be explained by any theory of acids and 
bases. 

In Boyle’s time the composition of few chemical 
compounds was known. In fact the distinction between 
an element and a compound was first clearly stated by 
Boyle himself. Nevertheless, by their properties hy- 
drogen chloride, sulfur dioxide, carbon digxide, and 
vinegar were recognized as acids, and lye, soda ash, and 
quicklime were called bases. Their properties were 
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always referred to water as the solvent since at that 
time very few other solvents were known. 

After the discovery of oxygen, Lavoisier proposed 
the first theory of acids. According to Lavoisier one 
element, oxygen, was the essential constituent of all 
acids. In some mysterious way oxygen was supposed to 
confer acidic properties upon all substances containing 
it. In fact its name, given it by Lavoisier, means 
“acid-former.” 

A few years later Davy showed that hydrogen chlo- 
ride is a compound of hydrogen and chlorine with no 
oxygen present. He also demonstrated that many 
oxides are not acids, but instead are bases. These dis- 
coveries led to the adoption of hydrogen instead of 
oxygen as the one element supposed to be necessary for 
acidic properties. 

With the advent of the Arrhenius theory of ioniza- 
tion, acid and base were defined as follows: 


Acid: a substance containing ionizable hydrogen 
atoms. 

Base: a substance containing ionizable hydroxy] 
radicals. 


The word ionizable meant ionizable in water solution. 

These definitions are called the water definitions 
because, in making them depend upon the two ions that 
unite to form water, chemists limited acid-base phe- 
nomena to aqueous solutions. 


THE PROTON DEFINITIONS 


Proton Acceptors. When sodium carbonate, sodium 
acetate, sodium phosphate, ammonia, and piperidine 
are dissolved in water they each affect indicators in the 
same way that metallic hydroxides do, and they all 
neutralize solutions of hydrogen acids. Hundreds of 
other compounds which do not contain hydroxyl radi- 
cals behave in the same way. Furthermore, it is pos- 
sible to observe neutralization and the color changes of 
indicators in a number of nonaqueous solvents such as 
benzene. 

These facts led Brénsted, Lowry, and G. N. Lewis, 
in the same year, 1923, but independently, to propose 
that any substance that could accept protons (hydrogen 
ions) from an acid should be called a base. This defini- 
tion makes acid-base phenomena independent of any 
solvent and enlarges the number of bases enormously. 

In the proton definitions of acids and bases: An 
acid is a substance that can donate protons to a base. 
A base is a substance that can accept protons from an 
acid. 
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Displacement. According to the proton definitions, 
then, all reactions between acids and bases are displace- 
ment reactions. In all of them one base displaces 
another from combination with the proton. Examples 
of this behavior are given in Table 1. 

In the first equation of Table 1, the base HOH dis- 
places the other base, chloride ion, from its combination 
with the proton. In the second equation the base 
piperidine displaces hydroxyl ion from its combination 
with the proton. 
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with the indicator and will neutralize hydrochloric 
acid or sulfuric acid in water. The color of the indicator 
in acid solution is yellow. 

In another solvent such as toluene or chlorobenzene, 
a drop each of the two bases gives the blue color with 
crystal violet as an indicator. Now if a drop of stannic 
chloride or a small amount of aluminum bromide is 
added to the blue basic solutions the color changes to 
yellow, showing that stannic chloride and aluminum 
bromide are acids. Table 2 shows the experiments. 














TABLE 1 
Bronsted Displacements (One Base Displaces Another) 
aes Acid Base 
~ HCl +HOH —H,0+ + Cl- 
HOH + C;Hi.N —~ OH- + C;sH,NHt 


TABLE 2 
Experimental Definitions 





Color of 
Crystal Violet 
Solution in 











H,O++OH- —+HOH  +HOH nae a 
HCl + CsHuN — CsHuNH* + Clo Tater 7 mY OMdarobennme Solvent 
owe ; Acids HNO AIBr. Yellow 
Even the neutralization represented by the third HCl(g) HCl(g) 

equation is a displacement: the hydroxyl ion displaces H2SO, SnCl, 

the water molecule from the hydronium ion. Thus the Bases CsHi,.N CsHi.N Blue 
; : : earane CH;COOH CH;COOH 

proton theory includes the water theory as a special (CH,)sCO (CH,).CO 


case. This is one of the essentials of any new theory, 
that it include the familiar properties as well as those 
that compel the adoption of the new theory. 

The reaction between hydrogen chloride and piperi- 
dine (fourth equation in Table 1) may take place in a 
number of ways. For example, if each substance is 
dissolved separately in two portions of chlorobenzene, 
the two solutions have the same effect, respectively, 
upon a properly chosen indicator (e. g., crystal violet) 
as do their water solutions. And there is no evidence of 
any reaction between chlorobenzene and either of these 
two solutes. Yet when the two solutions are mixed in 
equivalent amounts neutralization takes place, as in- 
dicated by the color change of the indicator, and piperi- 
dinium chloride is obtained. According to the proton 
definitions piperidine has displaced the chloride ion 
from combination with the proton. 

The same product is obtained when the two sub- 
stances are permitted to react directly in the gaseous 
state. It is plain that no solvent is necessary for neutral- 
ization reactions. 


THE ELECTRONIC THEORY OF ACIDS AND BASES 


Experimental Definitions of Acids and Bases. Al- 
though the proton definitions included all the sub- 
stances that show basic properties, they limited acids 
to those substances which contain hydrogen. Yet 
there are many substances that behave exactly the 
same way toward indicators, and will neutralize bases 
just as well as any hydrogen acid. Consequently, a 
broadening of the definition of acids was needed which 
would correspond to the enlarging of our ideas of bases. 

A few simple experiments, which anyone can perform 
in an elementary laboratory with common chemicals, 
will demonstrate that acids do not have to contain 
hydrogen. Using crystal violet as the indicator, bases 


such as piperidine and acetone will give a blue color 





To those who have not seen it before, the demon- 
stration that acetic acid may act as a base is almost as 
striking as that aluminum bromide may behave as an 
acid. In performing the experiment, for example the 
neutralization of aqueous hydrogen chloride by acetic 
acid, care must be taken not to add too much of the 
stronger acid. Only just enough dilute hydrochloric 
acid to change the indicator color from blue to a yellow- 
ish green should be used. Then a large amount of glacial 
acetic acid must be added to bring back the blue color 
of the solution. 

Other similar experiments show that there are 
hundreds of substances which do not contain hydrogen 
and yet will behave as acids toward indicators and in 
neutralization. Such experiments were first performed 
by Germann, Wickert, G. B. L. Smith, and G. N. Lewis. 
A few of these nonhydrogen acids are listed in Table 3. 
This work indicated the need for a return to an experi- 
mental basis for the definition of acids and bases. 








TABLE 3 
Some Acids That Do Not Contain Hydrogen 
SO; ZnCl, 
BF; SO, 
AIBr: 3 Cut? 
SnCl, Ca*? 
FeCl; Agt! 





The experimental definitions of G. N. Lewis are: 
(1) An acid is any substance that will neutralize a base 
such as sodium hydroxide. (2) A base is any substance 
that will neutralize an acid such as hydrogen chloride. 

The Theoretical Explanation. The explanation of 
acid-base phenomena was suggested by Lewis in 1923, 
but was largely ignored until the appearance of Lewis’ 








name din teh 


Pe ee = ae 





ATION 


chloric 
licator 


nzene, 
r with 
tannic 
ide is 
zes to 
Linum 
nents. 





—— 





r of 
Violet 

m in 

er 

ont 





Ww 


eri- 


re: 
ise 
ice 


of 


is 








OCTOBER, 1948 


second paper on the subject in 1938. It is as follows: 


(1) An acid can accept a share in an electron-pair. 

(2) A base can donate a share in an electron-pair. 

(3) Neutralization is the formation of a coordinate 
covalent bond between the acid and the base. 


An example would be: 


F H F H 
| | : b hers 
F—B + :N—H — F—B : N—H 
| bist 
t H PF. -H 
Acid Base 


In the coordinate covalent bond one atom has sup- 
plied both electrons of the pair that holds the nitrogen 
and boron atoms together. The formation of this bond 
is neutralization. 

The electronic theory of acids and bases includes both 
the water and the proton theories. When the equation 
for the reaction between hydronium and hydroxy] ions 
is written in simplified form (neglecting to show the 
water molecule attached to the proton in the hydronium 
ion), it is plain that the explanation of this reaction is 


Ht + :0:H-'— H:0:H 
Acid Base 


the same as that for other neutralization reactions. The 
hydrogen ion is an electron-pair acceptor; the hydroxyl 
ion is an electron-pair donor. 

The proton, boron chloride, stannic chloride, and 
many other acids have electronic formulas in which the 
possibility of accepting pairs of electrons to form co- 
ordinate covalent bonds is obvious. Such acids are 
called primary acids. In a corresponding way, bases 
that can readily donate a share in one or more pairs of 
electrons are called primary bases. Three more ex- 
amples of neutralization reactions between primary 
acids and bases are listed in Table 4. In each example 
the product contains both an acid and a base held to- 
gether by a coordinate bond. This product is the result 
of neutralization; yet it can still undergo further re- 
action. When another acid or base is added displace- 
ment reactions often occur. 








TABLE 4 
Neutralization 
Htt + :C::N:7! > H:C:iN? (1) 
Acid Base Formation of Coordinate Bond 
a Cl 
CI—B + :0::C(CH;))2 > C1B:6::6(C1 (2) 
1 Cl 
Acid Base Formation of Coordinate Bond 
H; +2 
N 
Cut? + 4:NH; +] H;N:Cu:NH, (3) 
. N 
Acid _ Base H, . 


Formation of Coordinate Bonds 
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TABLE 5 
Displacement of One Base by Another 
H 
H:C::N: +H:0:H — H:0:Ht 
+:C::N:7 (4) 
al : 
oe :C(CH;)2 + :NCsH; — Cl—B:NC,H 
Cl Cl 


+:0::C(CH,)2 (5) 


Cu(s:NH,)4*? +2:0:H- — Cu(OH): 


+4:NH; (6) 





Displacement Reactions of Acids and Bases. (1) One 
base displaces another from combination with an acid. 

Table 5 shows some further reactions of the three 
neutralization products of Table 4. In each example 
another base displaces the original base from its com- 
bination with the acid. 

In equation (4) of Table 5, the type of displacement 
emphasized by the proton definitions is illustrated. In 
this reaction one base, water, displaces another, cyanide 
ion, from combination with the proton. The base, 
water, forms a new coordinate bond with the proton 
from the hydrogen cyanide. Hydrogen cyanide is 
called a secondary acid because its acidic properties de- 
pend upon the presence of a primary acid, the proton, 
which is in combination with a primary base as the 
result of the reaction represented by equation (1) in 
Table 4. 

Bronsted reactions are all of this type. But the same 
kind of reaction may be observed involving primary 
acids other than the proton. For example, the base 
pyridine will react with the neutralization product of 
equation (2) to displace the base acetone from combina- 
tion with the primary acid, boron chloride, as shown in 
equation (5). A new coordinate bond is formed between 
the pyridine and the boron chloride. 





TABLE 6 
Displacement of One Acid by Another 





Cu(: NH;),*? + 4H*+—~ Cut? + NH,t (7) 
Al(OH); + 3H*+— Al* + 3HOH (8) 
HOH + Cut? CuOH* + Ht (9) 





Equation (6) represents one of the displacement re- 
actions that can be observed with the neutralization 
product of equation (3). If concentrated sodium 
hydroxide is added to a solution of the complex ion con- 
taining only a slight excess of ammonia, cupric hydrox- 
ide is readily precipitated. Hydroxyl ion has dis- - 
placed ammonia from combination with the acidic 
cupric ion. 

It is clear that the Brénsted definitions represent a 
special case of the displacement of one base by another. 
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Furthermore they represent only one of the two types 
of displacement included in the electronic theory of 
acids and bases. The other type is the displacement of 
one acid by a second acid. 

(2) One acid displaces another from combination with a 
base. Table 6 includes three examples of the second 
kind of displacement. When aqueous hydrogen chlo- 
ride is added to the neutralization product of the reaction 
between the primary acid and base shown in equation 
(3) of Table 4 the result may be represented as shown in 
equation (7) of Table 6. One primary acid, the proton, 
displaces another primary acid, the cupric ion, from its 
combination with ammonia. 

Another example in which one acid displaces a second 
is provided by the reactions of amphoteric behavior. as 
illustrated by equation (8), in which hydrogen ions dis- 
place aluminum ions from combination with hydroxyl 
ions. 

Reactions of hydrolysis also can be included in the 
electronic theory of acids and bases. An example is 
equation (9),in which copper ions displace hydrogen ions. 
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CONCLUSION 


The development of the Lewis theory has been the 
result of a gradual broadening of the experimental 
foundation. With the discovery of more facts it has 
become obvious, first, that the water definitions were 
inadequate, and, later, that the proton definition was 
still limited. Finally it has become evident that one 
theory can include not only neutralization and the 
action of indicators, for acids other than hydrogen 
acids, but also the great body of phenomena represented 
by the terms hydrolysis, amphoteric behavior, and 
complex ions. Furthermore, as discussed elsewhere,' 
the electronic theory of acids and bases can correlate a 
large amount of organic chemistry, and, through its 
clarification of the relationship between acids and 
bases and oxidizing and reducing agents, can lead 
to a greater amount of systematization in all chem- 
istry. 





1 Luper, W. F., and S. Zurrantt, “The Electronic Theory of 
Acids and Bases,” John Wiley & Sons, New York, 1946. 


€ STRUCTURAL CHEMISTRY 


Tue srrucrure of matter has been of concern to 
philosophers since the early Greeks postulated their 
division ad infinitum, but it was not until the beginning 
of the 19th Century that the first firmly founded 
theories were reached. It was less than 150 years ago 
that Dalton made his famous generalizations on the 
basis of the weight relations known at that time, and 
that Avogadro made his equally valuable contribution 
on the basis of the volume relations in gases then 
observed. For almost a century chemical theory was 
based mainly on these two types of observation— 
weight relations and volume relations, particularly 
volume of gases. With the discovery of the electron 
and the proton near the beginning of the 20th Century 
great strides were made possible in investigating the 
structure of the atom itself and in interpreting chemical 
behavior in terms of this structural idea, culminating 
in Lewis’ postulate of the paired electron bond some 
twenty years later. This postulate has proved ever 
more fruitful in the intervening years. 

For the last thirty years these three concepts— 
weight, volume, and electron arrangement—have been 
‘ at the core of all studies of chemistry and have provided 
a consistent theoretical approach to many of the prob- 
lems of the science. 

During these last thirty years these concepts have 
been increasingly amplified by the additional concepts 
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of size and shape, as applied to both single atoms and 
aggregates of atoms. The addition of these two ideas 
of internuclear distance and internuclear angular 
geometry has opened the way to the interpretation of 
many phenomena inexplicable in terms of the elec- 
tronic structure, mass, and atomic composition of the 
substance alone. It is with these ideas of distance and 
direction that we deal in this paper. 

It must not be intimated that these concepts of 
distance and direction originated in the last thirty 
years, for knowledge of such phenomena as atomic and 
molecular volume, the tetrahedral bonding of the 
carbon atom in organic chemistry, and the stereo- 
chemistry of many complicated inorganic substances 
had been well established, for almost one hundred 
years in some cases. However, it was with the advent 
of x-ray crystallography (and later, electron diffrac- 
tion) that exact measurements of the geometry of the 
great majority of chemical species became possible. 

Early applications of the idea of structure to crystal 
chemistry are well exemplified in the interpretations 
of the differences between diamond and graphite. 
The great disparity in hardness, density, electrical 
conductivity, transparency, crystal shape, and entropy 
are readily interpreted in terms of the layer structure 
of graphite versus the three-dimensional bonding in 
diamond. 
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The comprehension of properties of liquids such as 
viscosity, liquid crystals, dielectric constant, dipole 
moment, solvent properties, boiling point, vapor pres- 
sure, entropy, heat of vaporization are more readily com- 
prehensible in terms of the geometry of the molecules 
involved. The behavior of liquid sulfur on heating is a 
classical example of the application of structural chem- 
istry to properties of liquids. The very low rate of 
change of viscosity with temperature of the new silicone 
lubricants is a further example. In this case the mole- 
cules are coiled at low temperatures and extended at 
high. Extension or uncoiling tends to increase the 
viscosity and overcomes to a large extent the natural 
thermal effect which tends to decrease the viscosity 
as the kinetic energy of the atoms increases. 

Molecular geometry is perhaps of least importance in 
interpreting the behavior of gases since the inter- 
molecular distances are generally large compared to the 
intramolecular distances. Such properties as color, 
ionization potential, rate of reaction, heat capacity, 
and thermal conductivity are often capable of inter- 
pretation in simple terms, however. Thus, the cold 
feeling experienced in damp air may be attributed to 
the higher heat capacity of water since it is a triatomic, 
bent molecule compared to the linear diatomics in dry 
air, and to the greater velocity of gaseous water mole- 
cules compared to oxygen and nitrogen. These two 
factors combine to give wet air a higher thermal con- 
ductivity than dry air and hence a greater cooling effect. 

But let us now turn to a discussion of the factors 
which determine structure. Since all atoms are com- 
posed of a postive nucleus and negative orbital elec- 
trons according to present theory, it is with these that 
we must deal. The further postulate included in 
present chemical theory is that the nucleus behaves 
only as a center of positive electric charge and that the 
field about the nucleus is spherically symmetrical. 
The fact that the hydrogen electron does not fall into 
the nucleus leads to the additional introduction of the 
concept of electronic states. That is, certain pre- 
ferred distributions of electrons around any given 
nucleus are found. The description of these states is 
the aim of electron structure studies, leading to the 
familiar idea of “shells” of 2, 8, 18, 32, etc., electrons 
containing subshells of 2, 6, 10, 14, ete., electrons 
(the s, p, d, and f levels) within a main shell. With 
this we are not currently concerned since the concepts 
of electronic structure have been presented in other 
papers. We are, however, interested in the effects of 
this electron structure on size and shape. That these 
properties must depend on the electron arrangement 
follows from our concept of the nucleus as a very small 
region whose only chemical action is evidenced as its 
positive electrical charge affects the electronic structure. 

This influence of the nucleus on electronic structure 
is particularly apparent as it affects size. Three criteria 
of size should be noted: the internuclear distance be- 
tween atoms which are bonded together into a molecu- 
lar aggregate, called the covalent bond distance; 
the internuclear distance between atoms in adjacent 











Figure 1. Scale Models Showing the van der Waals 
radii of some of the Non-metals. 


molecules, called the van der Waals’ distance; and 
the interionic distance in ionic substances. In many 
cases it is difficult to say whether two atoms are bonded 
or not; that is, difficult to evaluate the degree of bond- 
ing, so that the distances will lie between the normal 
covalent and the normal van der Waals’ distances. 
For the time being, let us concern ourselves with the 
covalent distances. It is well known that this distance 
decreases as one proceeds from left to right along the 
rows of the extended form of the periodic table and 
increases from top to bottom in the columns.! Each 
decrease may be attributed to a shrinkage caused by an 
increased nuclear charge attracting all electrons more 
strongly to the nucleus, and each increase in size may 
be attributed to the introduction of electrons into new 
electronic levels, or shells, with a consequent increase 
insize. Thus we may say that atomic size, as measured 
by covalent bond distances, decreases with increasing 
nuclear charge but increases with the introduction of 
additional electronic levels. It should be pointed out 
that while both these statements are consistent with 
the ideas of elementary electrostatics—that is, attraction 
and repulsion of electrically charged particles—the 
actual situation within the atom is considerably more 
complicated. This consistency with electrostatics does 
make it easy for the beginning student to remember 
the facts. It might be pointed out that the diminution 
in size in going from a neutral atom to its positive ion, 
or the corresponding increase in size in going from a 
neutral atom to its negative ion is also consistent with 
elementary electrostatics, although again complicated 
by other factors. 

The van der Waals’ radius of an atom changes an- 
alogously, decreasing along the rows and increasing 
down the columns, but the changes are much smaller 
than the corresponding changes in covalent radii, as 
shown in Figure 1. That the van der Waals’ radius 





1 See: CAMPBELL, J. A., THIs JOURNAL, 23, 525 (1946). 


560 


is always larger than the covalent radius is readily 
interpretable in view of the fact that there are always 
more electronic levels intervening between non- 
bonded atoms than between bonded atoms, with a 
consequent increase in distance. This follows from the 
fact that bonded atoms are sharing certain orbitals in 
common, thus diminishing by at least one the number 
of orbitals between the atomic nuclei. 

Interatomic distance also depends on bond multi- 
plicity (double, triple, or single bonding), oxidation 
number, coordination number, and crystal structure. 
The greater the number of electrons involved in any 
given bond (the higher the bond multiplicity) the closer 
the atoms will approach, since these electrons, all in one 
set of orbitals, shield the nuclei from one another and 
diminish their electrostatic repulsion. An increase in 
coordination number, on the other hand, ordinarily 
lengthens bonds since not only is the number of elec- 
trons per bond less, but the geometrical problem of 
arranging a larger number of particles about a given 
one ordinarily causes an increase in the bond distance. 

Interatomic distance is thus determined by several 
factors. Increasing the nuclear charge attracts the 
electrons more strongly and shrinks the atom. In- 
creasing the number of electronic levels intervening 
between the two nuclei increases the size of an atom. 
Increasing the number of electrons available for bond- 
ing or decreasing the number of orbitals into which 
they can fit increases the number of electrons in any 
bond, shields the nuclei more effectively, and shortens 
the bond. Finally, increasing the coordination number 
not only distributes the available bonding electrons 
over a greater number of bonds with consequent length- 
ening, but also lengthens the bonds through the 
straight geometrical effect of placing more objects 
about a given one. 

Molecular configuration is determined by the com- 
bination of electrons and orbitals available for bonding, 
as is shown in the table.” 

Crystal configuration may also be determined by 
available electrons and orbitals but is likewise influenced 
by the relative sizes of the particles. This effect is 
commonly interpreted in terms of the radius-ratio 
obtained by dividing the radius of the smaller particle 
by that of the larger. The radius-ratio effect is of prime 
importance in ionic crystals, where strong directional 
bonding is lacking, and accounts for the difference in 
crystal arrangement between magnesium fluoride and 
calcium fluoride, for instance. When the positive ion 
is much smaller than the negative ion, the negative 
ions repel one another more strongly and the coordina- 
tion number of negative ions about a postive changes 
from eight in CaF; to six in MgF». 

With this background of the factors which determine 
size and configuration we can now proceed to discuss 
in terms of these characteristics properties which were 
more or less inexplicable in terms of weights and elec- 
tron structures alone. 





*See: Krerrer, W. F., “Electronic structure in interpreting 
chemical reaction,’ TH1s JOURNAL, 25, 537 (1948). 
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We often characterize substances by their physical 
state, and it is commonly said that vapor pressures, 
boiling points, and melting points are determined by 
molecular weights. There is certainly ample evidence 
that boiling points do increase as the molecular weight 
increases in many series of related compounds, but that 
these properties depend on one another is debatable. 
It is only necessary to compare the volatilities of water 
(mol. wt. 18, b. p. 100°C.) and uranium hexafluoride 
(mol. wt. 352, b. p. 55°C.) to note that the suggestion 
has gross exceptions. Since forces between particles 
in the gaseous state are ordinarily small and of com- 
parable magnitude regardless of the substances under 
comparison, one may concentrate his attention on the 
liquid state in attempting to interpret boiling points. 
It then becomes apparent that the boiling point is 
mainly determined by the relative strength of the at- 
tractive and repulsive forces acting in the liquid rather 
then the weight of the particles, for regardless of weight 
the particles will have roughly the same kinetic.energy 
at the same temperature. In the inert gas series where 
complications due to several types of bonding are 
absent the trend in boiling point is very regular and is 
quite readily interpreted in terms of the atomic size. 
Helium is composed of small atoms with the electrons 
close to the nucleus and hence-tightly held by it. As 
the size of the inert gas atoms increases the outer 
electrons are held more and more loosely by their own 
nuclei and thus are more and more free to interact with 
the electrons of neighboring atoms. This interaction 





Summary of Stable Bond Arrangements 
Bonding orbitals 


2 linear 
linear 
angular 
angular 
angular 
trigonal plane 
trigonal plane - 
trigonal plane 
trigonal plane 
unsymmetrical plane 
trigonal pyramid 
trigonal pyramid 
tetrahedral 
tetrahedral 
tetragonal plane 
tetragonal plane 
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leads to attractive forces (van der Waals’ forces) and to 
a lowering of the vapor pressure at any temperature 
with a consequent rise in boiling point. Melting points 
may be similarly considered, but it is then necessary to 
consider the forces acting in both solid and liquid 
states, since they are of comparable magnitude as 
contrasted with the very weak forces acting in gases. 

On this basis covalent substances will have low boiling 
points which will increase as the degree of polarity in 
the molecule increases and as the number of atoms 
increases, for both of these effects will increase the 
intermolecular attraction. As the polarity becomes so 
extensive as to result in an ionic substance the boiling 
point will have risen to around 1000° to 1500°C. 
because of strong interionic attractions. The highest 
boiling points of all will be those of the macromolecular 
substances such as graphite and diamond, wherein 
each atom is strongly bonded to all its neighbors by cova- 
lent bonds. The metals in the ‘central portion of the 
periodic table fall into this class because they have a 
large number of empty orbitals and a large number of 
valence electrons available for bonding. Apparent 
exceptions such as aluminum chloride, which is cer- 
tainly strongly ionic but boils at less than 200°C., are 
readily interpreted in terms of atomic configuration.* 
Each aluminum coordinates four chlorine atoms to 
form Al,Cle, which has a highly symmetrical and non- 
polar structure and, therefore, a low boiling point. 

Next to physical state, the characteristic perhaps 
Color, 


most commonly used for identification is color. 
too, must be an electronic phenomenon since no visible 


light has sufficient energy to affect any nucleus. Light 
may be transmitted, absorbed, or reflected by a sub- 
stance and the substance will be colored if it selectively 
absorbs or reflects. Light is a form of energy and any 
material which absorbs it must gain energy. This can 
be accomplished only by the interactions of the elec- 
trons with the incident light, which means that the 
electrons must absorb the energy of the light. To do 
this they must undergo a transition to a new electronic 
orbital of different energy. This condition will be 
satisfied if: (a), the electrons are not too tightly held 
by the substance; and (0), if an empty orbital is avail- 
able which does not differ in energy too greatly from the 
most stable one. The trend in the color of the halogen 
molecules is readily interpreted on this basis. As the 
atoms become bigger (fluorine to iodine) the outer 
electrons are less tightly held and hence can more 
readily interact with the incident light, shifting absorp- 
tion from high energy blue toward lower energy red 
light. Furthermore, more empty orbitals lie closer 
together energetically in the larger iodine molecule, so 
that light of greater energy range can be absorbed. 
Thus both the shift in wave length of absorbed light and 
the increase in the range of absorption in these mole- 
cules are interpreted. 

The existence of unpaired electrons in a substance is 
almost always a source of color, since no work need be 


5 See: CampBELL, J. A., “Structural molecular models,” THs 
JourNAL, 25, 200 (1948). 





561 


done in such molecules to unpair electrons. NO and 
O, are notable exceptions, readily interpreted in terms 
of a lack of available empty orbitals. 

In most of the metals the electrons are extremely 
loosely held and the lack of color must be attributed to 
the fact that there are no empty orbitals into which the 
electrons can be promoted with the absorption of light. 
On the other hand, light cannot readily penetrate the 
material either because of these free electrons but is 
reflected. In certain metals such as gold there is a 
selective reflection, so that the reflected light is yellow 
while the transmitted light is green—the complementary 
color blue plus some transmitted yellow. This may be 
readily seen in a sample of gold leaf. 

Colorless, transparent materials are those in which 
the electrons are so tightly bound that they can neither 
absorb nor reflect, as in silica and diamond. 

The properties of density and hardness are readily 
understood in terms of structure. Thus the densest 
elements are those near the middle of the rows in the 
periodic table, for it is here that the maximum number 
of orbitals and bonding electrons occur and that the 
high nuclear charge is least offset by a large number of 
full electronic levels. Hardness attains a maximum 
in any row at about the same element, or somewhat 
sooner, for this property is also dependent upon the 
existence of a large number of available bonding orbitals 
and electrons. The increasing malleability toward the 
bottom of this central portion of the periodic table may 
be interpreted in terms of the smaller and smaller 
difference in energy between the various possible bond- 
ing levels, so that an atom can break a bond in one direc- 
tion and form one in another with no great change in 
total energy. 

But what of the so-called chemical properties, the 
distinction between metals and nonmetals, for instance? 
Metals are those elements whose atoms are large be- 
cause of a large number of occupied energy levels with 
a relatively small nuclear charge. Nonmetals are 
those elements whose atoms are small because of a high 
nuclear charge and a relatively small number of oc- 
cupied energy levels. Thus the outer electrons of the 
metals are far distant from the nucleus and easily lost, 
while those of a nonmetal are relatively closer and more 
tightly held. 

Acids are those substances which are electron deficient 
and acid strength may be correlated with atomic size 
and oxidation number. Bases conversely are those 
substances having an electron excess. Thus the well- 
known relation that metals (large atoms) are basic, 
nonmetals acidic. It is at once apparent that these 
terms are relative as with scientific terms in general, 
and that any substance may act as a base, when in 
contact with a substance more electron-deficient than 
itself (a stronger acid), or as an acid when in contact 
with a stronger base. Thus hydrogen is acidic (elec- 
tron deficient) when combined with chlorine in HCl, 
but is basic (electronically oversupplied) when com- 
bined with sodium in NaH. On the other hand, the 
hydrogen in methane appears to be quite neutral. 
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Acid-base reactions, complex formation, precipita- 
tion, and oxidation-reduction may all be integrated in 
terms of the eternal quest of atoms to achieve an elec- 
tronic balance, or state of acid-base neutrality. 

It should always be remembered that chemistry, with 
the single exception of nuclear chemistry, is concerned 
primarily with interactions between electrons. That 
reaction will always occur which results in the greatest 
electronic stability. Chemical reactions may be classi- 
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fied into four fundamental classes depending on the 
type of stable compound formed and each type will 
be seen to be one possible modification of the various 
methods of electronic rearrangement. 


I Formation of a new phase—solid, liquid, or gas. 
II Formation of a weak electrolyte. 
III Formation of a complex ion. 
IV Oxidation-reduction. 


WHY SHOULD THEORETICAL PRINCIPLES BE 
USED IN TEACHING ELEMENTARY CHEMISTRY? 


In wrropucine this symposium, the question must 
be raised: “Should an attempt be made to incorporate 
recent theoretical developments into our elementary 
courses?” We want to point out at once that each 
teacher who is in agreement with the point of view we 
are trying to present could marshall a large array of dif- 
ferent arguments for an affirmative answer to this 
question, whereas those who are opposed could present 
an equally varied group of negative arguments. What 
seem to us to be four important reasons for answering 
this question in the affirmative are presented below. 

In the first place, many teachers believe that the use 
of modern theoretical principles in organizing the elemen- 
tary chemistry course provides a strong motivating force 
toward increased student effort. While there is no ques- 
tion here of the importance of much of the considerable 
body of factual material in the usual elementary course 
there is also no question, in many minds, that a chem- 
istry course consisting largely of the study of factual 
material without reference to correlating principles is 
unpalatable fare for the average student, and is there- 
fore poor pedagogy. If, however, this factual material, 
which almost all of us will admit is important, can be 
correlated with basic underlying theoretical principles, 
the course takes on new life and interest for the student. 
If the student can be made to see that the ordinary facts 
of chemistry are related to those exciting new scientific 
developments about which he has read in the newspa- 
pers, if he can be made to realize that there are a rela- 
tively few basic principles which serve to explain and 
to correlate the tremendous mass of data which has 
been gathered concerning the material universe, the 
problem of student motivation becomes much less 
difficult. Our experience, and apparently that of many 
teachers with whom we have talked, has been that pu- 
pils who sit half asleep through much of the general 
course will suddenly come alive and show an intelligent 
interest when the discussion of atomic and molecular 
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structure and their relationship to the properties of sub- 
stances is presented. It goes without sayirig, of course, 
that balance should be preserved and that important 
fundamental facts of chemistry should not be omitted. 
On the contrary, the fundamental principles should be 
presented in terms of the fundamental facts. 

A second reason for answering the proposed question 
in the affirmative is that the incorporation of theoretical 
principles into the general chemistry course can decrease 
the difficulty of the course for the student. A teacher may, 
of course, go so far in this direction as to make the 
course impossible for an average college freshman, but 
it is our firm belief that the use of certain theoretical 
concepts clearly stated and repeatedly applied greatly 
simplifies the study of the so-called ‘practical’ chem- 
istry. It provides a continuous thread upon which 
otherwise isolated and incoherent facts may be strung 
to weave the fabric of a logical, unified, and integrated 
course. The argument has been advanced that modern 
theoretical principles are beyond the comprehension of 
freshman chemistry students. Many of us who have 
labored with students over the traditional, chemical 
presentation of the concept of atomic weights and over 
the equally traditional presentation of the laws of mul- 
tiple proportions and equivalent proportions are not 
inclined to take such arguments seriously. It is, of 
course, true that one can go too far in this direction. 
One can, however, also go so far in the presentation of 
large amounts of descriptive material as to make the 
general chemistry course unnecessarily difficult, and of 
the “hand book’ type. 

A third reason for favoring the principles approach to 
the teaching of general chemistry is that such an ap- 
proach is most consistent with the aims of general educa- 
tion. It has been said that the application of modern 
theoretical concepts of atomic and molecular structure 
to the teaching of students who will go no further in 
chemistry than the general course is unjustified. I, 
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however, we are to believe that one of the chief objec- 
tives of the chemistry course for the general student is 
to increase his understanding of the material world 
around him, we must disagree with the above state- 
ment. We continuously try to teach our students to 
think, to ask “why?” We can’t very well achieve these 
objectives if we present a course which utilizes none of 
the student’s mental faculties except his ability to mem- 
orize. The approach through principles is better caleu- 
lated to develop the student’s reasoning power and to 
encourage a spirit of scientific inquiry than is the classi- 
cul empirical presentation. 

Of course, a clear-cut distinction must be drawn be- 
tween fact and theory, for while facts remain theories 
undergo modification. It is reasonable to believe, how- 
ever, that the student who understands the older the- 
ory will be best equipped to understand and utilize the 
new theory which develops from it. 

Finally, many chemistry teachers believe that the ob- 
jective of the traditional teacher, 7. e., to teach the student as 
many facts of chemistry as possible, is best fulfilled by the 
approach to general chemistry through principles. By an 
understanding of the basic principles of atomic. and 
molecular structure, even in a qualitative way, the stu- 
dent will be able to predict many characteristics of sub- 
stances, to make at least educated and _ intelligent 
guesses in new situations which he encounters and will 
be, in general, much less at the mercy of his memory, 
which for most of us is all to evanescent. 

It should be emphasized that the use of modern theo- 
retical principles with which this symposium is con- 
cerned implies more than the addition of sections on 
modern developments. That procedure merely length- 
ens the course and does not in any way alter the teach- 
ing of the usual subject matter of chemistry. Rather, 
it is concerned with the choice of theoretical principles 
which can be used at the elementary level, followed by a 
careful, thorough presentation of these principles and a 
consistent, repeated application of them throughout the 
presentation of the factual, descriptive material of the 
course. A course can be modern in the sense that it 
discusses concepts of recent origin, and yet be classical 
in that it does not use these concepts in teaching the 
rest of the material in the course. 

Some reasons for favoring the use of modern theoreti- 
cal concepts in teaching general chemistry have been 
given. It is no more than fair that we should consider 
certain dangers in this approach. One chief danger is 
that the teacher may become so concerned with his pres- 
entation of the principles of chemistry that he slights 
the factual material. This, of course, is very undesir- 
able; the theory should be used as a tool, not as an 
end in itself. A second danger is that new ideas may 
sometimes be adopted by the teacher without his having 
a clear understanding of their limitations. The result 
may well be the use of a theory which is not in accord- 
ance with the experimental facts. A case in point is the 
very rapid and widespread adoption some yedrs ago of 
the definition of oxidation and reduction in terms of 
electron transfer. The definition of oxidation as the 
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-loss of electrons became so fashionable that those who 


did not adopt this definition were considered out of 
date in their teaching. Yet a careful examination of the 
question reveals that only a small fraction of oxidation- 
reduction reactions can truly be considered as involving 
electron transfer. 

Finally, teachers may be tempted to use concepts and 
explanations because of their simplicity and teachabil- 
ity, even though the results of current research show 
them to be probably—or in some cases certainly—incor- 
rect. The teacher should therefore constantly reexam- 
ine his teaching in the light of current theoretical de- 
velopments. 

To illustrate the way in which theoretical concepts 
may be correlated with the properties of substances, 
the following discussion and outline of part of the gen- 
eral chemistry course at The Ohio State University will 
be presented. Let us assume that the class has had the 
elementary kinetic-molecular picture of gases, liquids, 
and solids, the gas laws, the atomic theory and the laws 
of chemical combination, some simple reaction chem- 
istry, an introduction to acids and bases, metals and 
nonmetals, the elementary principles of atomic struc- 
ture, electrovalence and covalence, the periodic law in 


terms of the Mendeleev form of the periodic chart, and 


electronic configurations and the modern extended 
form of the periodic chart. It is then suggested to the 
class that if a knowledge of atomic structure and types 
of chemical bonds is to be of any value to them as chem- 
ists they must be able to use this knowledge in explain- 
ing and predicting chemical phenomena. They should, 
therefore, be able to answer two questions: (1) ander 
what conditions will each of the various types of chemi- 
cal bonds be obtained; and (2) what properties do the 


_various types of chemical bonds confer upon the sub- 


stances in which they occur? 

The student is first asked to consider two atoms A 
and B, each with at least one valence electron. If the 
two atoms differ greatly in their attraction for elec- 
trons in their respective valence shells, electron trans- 
fer may take place, the more electronegative atom be- 
coming a negative ion and the less electronegative a 
positive ion. Thus an onic crystal is formed. If, how- 
ever, the two atoms have the same attraction for elec- 
trons they will combine by forming a nonpolar covalent 
bond, 7. e., a bond in which the electron pair is shared 
equally between the two atoms. Finally, it is pointed 
out that the two situations described above are extreme 
and that there are many intermediate cases where A and 
B differ in their attractions for electrons but not so much 
as to bring actual electron transfer. In a case such as 
this, a polar covalent bond is formed, in which the shared 
electron pair is not shared equally but is displaced to- 
ward the more electronegative of the atoms. The stu- 
dent is thus led to the conclusion that the chief factor 
which determines the type of bond which two atoms will 
form is their relative attractions for electrons. 

The question which is then proposed to the student 
is: ‘What factors in the structure of an atom deter- 
mine its attraction for its valence electrons?” The an- 
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Figure 1 


swer to this question will vary in detail and precision 
depending upon the student’s background. Assuming 
that the student has studied the electronic configura- 
tions of the elements, including a discussion of s, p, d, 
and f subshells, the question may be answered (though 
approximately) in terms of the following four factors 
(which are not independent, of course): nuclear 
charge, distance of the valence electrons from the nu- 
cleus (7. ¢., atomic radius), the shielding effect of inter- 
vening electron shells, and the different penetrating af- 
fects of s, p, d, and f electrons. If the student’s back- 
ground does not include a differentiation of electron 
shells into subshells the last factor must be omitted. 
This makes the discussion less exact but by no means 
impossible. 

In terms of these four factors the student may be led 
to the following general conclusions: 

(a) The tendency to form positive ions should, in 
general, decrease from left to right in a given period of 
the periodic chart (long form). 

(b) The tendency to form negative ions stir in 
general, increase in the same direction. 

(c) The tendency to form positive ions should, 
general, increase from the top to the bottom of a ‘ok 
umn in the periodic system (long form). 

(d) The tendency to form negative ions should de- 
crease in the same direction. 

It is then suggested to the student that data are 
available whereby these conclusions may be tested. 
The term gaseous ionization potential is then defined 
and, in a rough way, methods by which it may be de- 


termined are discussed. Representative ionization po- 
tential data are then discussed and used to illustrate 
the essential truth of the conclusions stated above. Ex- 
ceptions, such as the high ionization potentials of ele- 
ments which follow the rare earth elements, are dis- 
cussed to the extent which the student’s background 
allows. 

This may be followed by a consideration of the defini- 
tion of the terms metal and nonmetal in terms of the 
tendencies to form positive and negative ions. In 
terms of the general statements concerning the varia- 
tion of these tendencies with position in the periodic 
system, it is easily explained that the most reactive non- 
metals, such as oxygen, fluorine, and chlorine, are in the 
upper right corner of. the periodic system, whereas the 
most reactive metals, such as cesium, barium, and ra- 
dium, are in the lower left corner. Further, the student 
can now readily understand the reason why metallic 
characteristics decrease generally from left to right and 
increase generally from top to bottom of the periodic 
system. Furthermore, it readily follows that elements 
which are widely separated, particularly horizontally, 
in the periodic system will be most likely to form ionic 
crystals while those which are closer together in the sys- 
tem (7. e., more similar in electron attractive powers) 
will form covalent compounds. 

The student has therefore reached the point where he 
has an approximate and qualitative, but reasonably 
satisfying, answer to the question, ‘‘Under what condi- 
tions will the various types of chemical bonds be 
formed?” He is now ready to undertake an answer to 
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the second question: “What properties do the various 
types of chemical bonds confer on substances in which 
they occur?” 

In seeking an answer to this second question the 
student is asked to consider what sort of forces are avail- 
able for forming crystals of ionic, polar covalent, and co- 
valent substances, and what sort of properties he would 
expect such crystals to have. A table of characteristic 
properties of ionic crystals, polar and nonpolar molecu- 
lar crystals is then prepared. To make the table 
complete the special case of atomic crystals such as 
diamond, silicon carbide, and aluminum nitride is in- 
cluded in this discussion. If the instructor desires, 
metal crystals and the special types of bonding forces 
which occur in such crystals may be discussed here, 
though we have commonly postponed such a discussion 
until later in the course. A table such as is working out 
in this treatment is shown in Figure 1. If the student 
is required to refer constantly to a table such as this 
and to make continued use of the principles involved in 
its development, such statements as “rubidium fluoride 
is an ionic substance,”’ will come to have a concrete sig- 
nificance in terms of properties. 

Of course, in the simple treatment of the factors which 
affect the electron attracting powers of a given atom, A, 
an important omission was made, namely, the effect of 
other atoms attached to A. This factor is considered 
when the acidity or basicity of hydroxyl compounds is 
studied. Here the question is proposed, ‘‘Why are some 
hydroxyl compounds (e. g., NaOH or Mg(OH)z) basic, 
whereas others (e. g., CIOH or SO.(OH)2) are acidic?” 
In approaching an answer to this question one may 
consider the general case represented by the diagram 


M:0:H 
where M may represent any element. Obviously, if 
MOH is to be basic, M must release its hold on the pair 


of electrons on the oxygen atom and allow the splitting 
of the MOH group into M* and OH — ions, thus: 


M+|:0:H- 


+ 
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If, however, MOH is to be acidic, the M—O bond must 
remain firm and the MOH group release protons, thus: 


M:0-:/H+ 


The question of the acidity of MOH resolves itself, 
therefore, into one of the attraction which M has for the 
electrons. Thus metals, elements whose atoms have 
relatively small attractions for electrons, form basic 
hydroxides, whereas nonmetals, having a much stronger 
attraction for electrons, form acidic hydroxyl com- 
pounds. 

Let us suppose that M has other pairs of electrons 
than the pair it is sharing with the OH groups., Take, 
e. g., CIOH: 


:Cl:0:H 
Let us further suppose that these other electron pairs 


are shared with oxygen atoms. Thus, the various oxy- 
acids of chlorine may be derived: 


:0: :O: 
:Cl:0:H :0: Cl:0:H :0:Cl: O:H :0:Cl: O:H 


sO 


These extra oxygens have an eleetron-withdrawing ef- 
fect on the chlorine and thus serve to decrease the elec- 
tron density about the chlorine atom. This increases 
the pull which the chlorine exerts on the electrons of the 
hydroxyl oxygen and increases the tendency for that 
group to release the proton. Thus the acidity increases 
in the order ClIOH, OCIOH, O.CIOH, and O;CIOH. In 
fact, as a general rule, the more the electron density in 
the atom M is lowered by surrounding it with oxygen 
atoms—~. e., the higher its oxidation state—the more 
acidic (or less basic) is the hydroxyl compound. Con- 
sequently, sulfuric acid, SO.(OH)2 is a stronger acid 
than sulfurous, SO(OH)2; and ferrous hydroxide, 
Fe(OH)., is more basic than ferric hydroxide, Fe(OH)3. 





COOPERATIVE OBJECTIVE UNIT TESTS IN ORGANIC CHEMISTRY 


The 1948-49 series of cooperative objective unit tests in organic chemistry will be available 
on or soon after August, 1, 1948. The series comprises one unit test on each of the 
following: (1) alkanes, alkenes, and alkynes; (2) alkyl halides and polyhaloalkanes; (3) alcohols, 
ethers, halohydrins, and alkene oxides; (4) aldehydes, ketones, and ketenes; (5) acids, saturated 
and unsaturated; (6) substituted acids; (7) acid derivatives; (8) classified replacement reactions; 
(9) comprehensive examination for first term; (10) carbohydrates; (11) aliphatic sulfur com- 
pounds; (12) aliphatic nitrogen compounds; (13) foods and metabolism; (14) organo-metallic 
compounds; (15) alicyclic compounds; (16) aromatic hydrocarbons; (17) aromatic halogen 
compounds; (18) phenolic compounds; (19) aromatic aldehydes and ketones; (20) aromatic 
sulfur compounds; (21) aromatic nitrogen compounds, and (22) comprehensive examination for 


second term. 


These tests are available at $1 for the first set of twenty-two unit tests and 20 cents for each 
additional set, f.o.b., Lafayette, Indjana. Copies of previous series are available for those desiring 


different tests for different sections of a class. 


Orders should be placed promptly and directed to: 8. D. Fund, Department of Chemistry, 


Purdue University, Lafayette, Indiana. 





Use these unit tests and enjoy teaching. 










@ ON THE PERMANENCE OF YOUR JOB 
AS A CHEMIST’ 


Many members of the American Chemical Society 
have spent considerable time and thought on the problem 
of making more jobs for chemists and in endeavoring 
to bring the right chemist into the right job. There is 
the need that we who may be able to advise and help, 
do all possible to see that the jobs are permanent— 
that the combination of chemist and job is a continuing, 
successful association. 

All managers of laboratories like to have their staffs 
fully competent and successful. Much thought and 
discussion by laboratory managers have been expended 
to discover the reasons why some chemists are superior 
in their jobs and others near failures. Lack of success 
in any job can be traced to relatively few basic causes, 
and usually a combination of them. Rather than talk 
about reasons for failure, we are going to talk about 
ways to success and your personal job insurance. 

A survey of the present situation of numbers of 
chemists and unsatisfied demand for chemists should 
not lead us into the mistake of thinking this condition 
will continue indefinitely. It is true that laboratories 
are expanding their staffs, that new laboratories are 
being built and planned, and that practically every 
chemist or chemical engineer who wants a job can get 
one. 

This situation may continue for some time. Looking 
at the unsatisfied demand for manufactured goods 
and the potential purchasing power for newer and 
_ better things that the chemist can devise, it seems that 
the services of many more chemists than can be ade- 
quately trained in the next few years will be needed to 
correct the shortage. 

Industry is not interested in quantity alone, however. 
Industry is discriminating and critical of quality, and 
is increasingly adding quality to its staffs rather than 
quantity. That fact should not be disregarded since 
it is likely to have a profound effect on the numbers of 
chemists placed in jobs from now on. Large numbers 
of average chemists are not a substitute for lesser 
numbers of superior chemists. 

The place of the chemist in industry is more secure 
now due to his proving his value to industry and society. 
These activities have been highly publicized during the 
last few years. Through this public recognition the 
chemist has been led to feel that his place in the econ- 
omy is substantial. 
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Those of us who saw chemists thrown overboard by 
sinking and financially embarrassed industries in the 
1920’s and again in the 1930’s cannot avoid feeling 
that the same conditions may come again. We hope 
that chemists by that time will be stronger members of 
the industrial family and considered too valuable and 
useful to be dispensed with in time of stress. 

It is quite certain that any future retrenchment of 
chemical activities will not be as severe as was the case 
during the last two decades. However, when times get 
bad and there are no business profits, the chemist 
must be prepared to hold his job through demonstration 
of his usefulness. Only by strength and ability can any 
individual be certain of his job’s security. 

An important part of the answer to the question of 
holding your job goes back to your original decision 
to take up chemistry as a career. Are you sure even 
now—even though you are in chemistry and may have 
your degree in chemistry—that chemistry is the field 
in which you can do your best work? Too many 
chemists are not sure even after completing their train- 
ing that they are in the right profession. 

One mark of a person not likely to be successful 
in any undertaking is that of indecision. It should 
not take too much investigation of the possibilities in 
the field of chemistry and a careful self-evaluation of 
your capabilities and desires to come to a definite 
decision. Either you are or are not to be a chemist. 
If you decide to follow chemistry then put into your 
training all the drive and enthusiasm you are capable 
of generating. Set a goal of good training and com- 
petence and work everlastingly on all phases of your 
training to bring that ideal into being. 

You can sense from the above that some laboratory 
managers question the functioning of an early screening 
and advisory program for undergraduates which at- 
tempts to encourage those well equipped mentally and 
temperamentally to take up chemistry. A good screen- 
ing program should divert those not fitted from the 
chemical profession. As with any profession, chemistry 
needs the best candidates for training. 

Whether you chemists are retained in industry in good 
times or bad depends on how successfully you can prove 
your value to industry. Without some strenuous effort 
on your part and some especially valuable contribu- 
tions to industry’s well being you cannot hope to hold 
any job for long. 

Chemists must be so good in their work and so 
valuable to their industry that management cannot 
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afford to’do without them any more than it can afford 
to be without insurance. 

We assume that your job is now a satisfactory one 
to you. We presuppose that your industry will have 
good management and enlightened policies and atti- 
tudes in all those factors that are important in giving 
you an opportunity for satisfactory accomplishment. 

Your management has given all of you the advantages 
of agreeable policies ir the twenty or so items that make 
your association very pleasant and satisfactory. If 
you. are looking for your first job you should get some 
help on how to get it. If you are not now employed 
in an agreeable place where you can feel loyal and 
proud of your association, the first duty to yourself is 
to find one. 

You need to be aware of the fact that your associa- 
tion is not a one-way street. You have certain re- 
sponsibilities and duties that are just as binding on you 
as the company’s agreement, even though these re- 
sponsibilities and duties are not in the form of a written 
document. Moral responsiblifies and ethical standards 
need to be carefully preserved, the more so because 
they are taken for granted in an honest society and 
not written into contracts. 

What do you have to offer that can and will convince 
your employer that you are one of those who is worth 
while keeping on the staff? You ought to be able to 
evaluate your own characteristics that are of impor- 
tance. In case you need some help in deciding those 
factors some of the more important ones will be dis- 
cussed. 

Scientific competence and ability, through training, 
is first in importance. If you have any doubts about 
this being sufficient for you to be successful you had 
better take steps to correct the deficiency. If you 
learned the important lesson of how to study while in 
college you should be able to fill in any gaps by some 
well-chosen reading and study. 

The competent chemist cannot afford to fail to do a 
great deal of studying and reading, first, to fill the voids 
in his knowledge and, second, to keep up with the rapid 
developments in every field of chemistry. 

Next in importance to the chemist strongly attached 
to his job are those personal attributes-lumped to- 
gether and called character. Whatever the ele- 
ments of your personality and how you acquired them 
it is certain that they are subject to some degree of 
conscious control. Therefore, if your are able to deter- 
mine those characteristics in which you need improve- 
ment you should try to control and direct them for a 
better impression. 

Education and general knowledge of chemists as con- 
trasted to their scientific training is one factor that seems 
to be universally neglected. To get the most out of 
living all persons need something more than their 
profession. They need to have more than a super- 
ficial knowledge of two or three other facets of the 
world’s knowledge. It is not important what the 
additional field of interest may be, but an interest in 
hobbies—sports, literature, history, music, languages, 
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and others—serves to broaden one’s outlook and furnish 
opportunity for wider interest and enjoyment. Chem- 
ists as a group have been accused of not knowing com- 
mon historical and current facts or having wide general 
knowledge of the world about them. That character- 
istic may be common to all who take up chemistry, 
and if that is true the educator needs to do something 
to improve the quality of his production of chemists. 

Scientific and personal honesty is another one of the 
important personal attributes which does not need 
discussion, but which is of importance to assure the 
chemist his job. 

Drive or ability to keep things moving and to get the 
job finished is a very important key to job permanence. 
This is almost synonymous with enthusiasm, but not 
all enthusiastic persons have the ability to push things 
to a good conclusion. 

Judgment is an attribute that is more important 
than it sounds. Many admirable persons and superb 
scientists lack this elemental characteristic which 
seriously interferes with their success. 

Alertness is a characteristic that can be said to go 
hand in hand with some other desirable ones. The 
alert person usually has a degree of enthusiasm that 
carries him through a difficult task. If he is alert he 
is usually a good observer of the things that occur 
around him and particularly at the laboratory bench. 
It would be difficult to guess at the number of good dis- 
coveries that have been discarded because the power of 
observation of the chemist or his imagination failed to 
function in an alert manner. 

Loyalty to your group is a requirement that must be 
met before you can be happy in your job, and without 
which your employer will not want you. If you get 
into a group or laboratory where you cannot feel loyal 
to your leaders and the firm, then get out as fast as you 
can. 

Friendliness is a characteristic easy to cultivate if you 
will try it. All but a very small percentage of people 
are friendly if met half way. Don’t be one of the 
minority because without a friendly spirit in your work 
you will not be happy nor will those around you be 
happy. 

Belief in the objectives and program of your organiza- 
tion is another important thing that your must have on 
your job. You must get behind the program and work 
to bring it to a successful conclusion as far as your part 
in it is concerned. It doesn’t matter that you may not 
know how to do it in the beginning, you can learn how 
if your believe that the work is worth while. 

Top all these characteristics with a sense of duty and 
personal discipline and we have a chemist that will be a 
permanent worker in his laboratory. 

A few other desirable characteristics not mentioned 
here add to the personality and character score of the 
individual. The total must make a permanently good 
impression on the management of your laboratory. 
If it does not, your chances of staying on your job are 
not good. Even if you are tops as a scientist and have 
a collection of undesirable personal characteristics 
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your hold on your job and your opportunities for ad- 
vancement are weakened.§ ~ 

It is hoped that all chemists, chemical engineers— 
including students and their teachers—will give serious 
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thought to an adequate personal as well as scientific 
preparation to make their jobs secure and permanent. 
Anyone can get a job. Only the intelligent person can 
keep it. 


SELECTIVE PLACEMENT OF CHEMISTS AND | 


CHEMICAL ENGINEERS THROUGH INDUSTRIAL 
TRAINING PROGRAMS' 


Germne the right job is the most important concern 
of the young chemist or chemical engineer graduating 
from a university today. It is a rare student, however, 
who knows what the right job is and how he can secure 
it. The majority have had no working experience and 
know little of the jobs open to them in the world be- 
yond thecampus. Although they talk glibly of produc- 
tion, development, design, research, sales, personnel, 
and other industrial fields open to them, these terms 
generally convey only very hazy and inexact notions. 
What is product development work? What qualifica- 
tions should a production supervisor have? Am I 
suited for technical sales? Most students, unable to 
answer these and similar questions, find that choosing 
a job is a confusing and uncertain task for which they 
find themselves ill prepared. 

This lack of preparation for a most important de- 
cision cannot be blamed on the universities. On the 
campus the student’s chief aim should be the mastery 
of the theoretical background indispensable for his 
future professional career. In the crowded years of his 
technical curriculum there is little time for considera- 
tion of the jobs in which this theoretical knowledge 
will ultimately be applied. Also, in an environment 
where mental development is the primary concern, the 
student cannot get much opportunity to appraise 
accurately the personal qualifications which will 
determine to a large extent his success or failure in 
his future job. Energy, initiative, mechanical ability, 
general working habits, personality, leadership, and 
skill in human relations are not graded on term report 
cards along with proficiency in unit operations or 
physical chemistry. 

Often college placement counselors and faculty 
members—especially those with a wide acquaintance 
in industry—can give students helpful advice on choos- 
ing a job. Aptitude and personality tests sometimes 
give useful information on an individual’s character- 
istics, and industrial interviewers usually make a 
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shrewd estimate of a student’s ability and personality 
before offering him a specific job. At best, however, 
the transition from student to professional chemist or 
engineer is a gamble, in which the discontent and rela- 
tively high turnover among young technical men in- 
dicate a definite element of risk. 

The responsibility for fitting new technical men into 


the right .jobs rests primarily with industry. While | 


the universities can best give the basic theoretical 
training in science and technology, only industry can 
give the practical experience necessary for an individual 
to find the special field for which his interests and abili- 
ties most suit him. Although for many years industrial 
management has sought continually for men of ability 
to fill key positions within the organizational structure, 


in the past most companies have paid little attention to | 


the selective placement of, new technical employees. 
Even today most chemical engineers and chemists are 
still hired directly for specific positions in industry. 
Within recent years, however, progressive companies 
have turned to introductory training programs as a 
more efficient means of utilizing technical manpower. 

A properly run industrial training program offers 
the young engineer or chemist an excellent opportunity 
to complete his university education in technical theory 
with working experience in its practical applications. 
At the same time it enables him to determine his ability, 








personality, and aptitudes for various industrial jobs | 


under actual working conditions. When the new man 
completes his training and is ready for transfer to a 
specific position, both he and his employers have 
sufficient information to make a sound choice of a per- 
manent job. Thus industrial training offers a means of 
selective placement of technical men that can eliminate 
many of the uncertainties of direct hiring for specific 
jobs. 

Industrial training should give broad and varied 
experience. For a proper understanding both of him- 
self and of his company as a whole the new technical 
man should learn something of all phases of his firm’s 
activities. Ideally he should actually work in long- 
range research, the development of new products, the 
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design of plant and equipment, production, and sales, 
advertising, and related activities. A practical ap- 
proach to this desired diversity of experience is made 
in some companies by giving each new man a series of 
short assignments in several different divisions. Each 
of these assignments should last several months, so 
that the young employee may actually work on a job 
and not merely observe. 

Whenever possible, the different assignments should 
cover not only several functional types of work but 
also several product lines. The chemist or engineer 
entering industry today with the bachelor’s or master’s 
degree is not a specialist and is generally not yet ready 
to become one. In a small specialized business the 
training is of necessity limited to some particular field 
such as plastics or natural oils. In the larger and more 
diversified companies, on the other hand, such a policy 
would restrict the new man’s experience and give 
him only a limited view of his firm’s interests. 

During his training assignments the inexperienced 
engineer or chemist is serving his apprenticeship in the 
practical phases of his profession. In this transition 
period he should be encouraged to continue formal 
study both to assist in his orientation in industry and 
to extend his basic technical background. The oppor- 
tunity for further education is especially important at 
this particular time when a man is young, still accus- 
tomed to formal study, and not yet busy with the time- 
consuming responsibilities of later life. 

Many companies urge all new men to enroll in classes 
studying the company organization, the functions of the 
different divisions, and the products sold. These 


1 classes supplement the direct experience gained on the 


training assignments. Some companies also make 
arrangements for employees to take courses or to work 
toward advanced degrees in nearby universities, and a 
few companies run their own educational programs in 
technical and general subjects. 

These general concepts of practical experience, fur- 
ther education, and selective placement have been 
tested over the past two years in the training programs 


| developed by the General Electric Company for chem- 


ists and chemical engineers. The basic principle of 
General Electric training is varied practical experience 
for the new technical employee at the start of his in- 
dustrial career. New men are put in a central training 
division serving the entire company and are then 
assigned for periods of three months to laboratory, 
engineering, and staff divisions in the various plants. 
On each three-month assignment the young chemist or 
engineer becomes a temporary member of a group of 
permanent employees working under a regular super- 
visor. The supervisor may give the trainee an in- 
dependent project or, more likely, may have him assist 
a permanent employee. 

At the end of the assignment the supervisor rates 
him on his performance and ability and points out to 
him his strong and weak points. The man in training 
also writes a confidential report on his work to the 
central training division. The training office thus 
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gets a good picture of each man’s progress both from 
his own and his supervisor’s point of view. Every six 
months the training director reviews the composite 
ratings with each man and emphasizes appropriate 
comments made by the assignment supervisors. Since 
lack of technical ability is very rarely a problem, stress 
is laid throughout the training period on correcting 
undesirable traits of personality, poor working habits, 
and immaturity. 

Each man is required to complete at least four of 
these three-month assignments before he is transferred 
to a permanent job or to a more specialized training 
program. The actual assignments vary widely. Over 
the past two years they have included such work as the 
development of new resins and new plastic formula- 
tions, semi-works production of dielectric papers, 
engineering design, plant operation, advertising, market 
research, the evaluation of rocket fuels, various secret 
projects in nucleonics, and process development on the 
pilot-plant scale. This last item is especially important 
to the Company as the training program provides a con- 
venient pool of men available for such short-term pro- 
jects as pilot-plant operation. 

‘The different assignments do not follow any fixed 
pattern. The primary requirement is variety of ex- 
perience and location. Each man is usually sent to 
two or three different cities to work in the plants of 
several different departments of the Company. When 
convenient, assignments are arranged in fields of a 
man’s particular interests. For example, a chemist 
with a flair for writing may be given an assignment in 
technical publicity work or in an advertising section, 
and an engineer with an interest in production super- 
vision may be assigned for one period to a plant fore- 
man or shift léader. 

While the new employee is getting practical ex- 
perience on his job assignments, he is encouraged to 
study in the Company’s educational classes. Two 
types of courses are given, general and advanced. The 
general courses are open to all men on the Company’s 
training programs and are given concurrently at all 
major plants so that assignment transfers from one 
city to another will not interrupt the course work. 
Chemists and chemical engineers are urged especially 
to take the course in Company organization and policies. 
Many also take courses in engineering fundamentals 
and in electronics and other specialized fields. 

The advanced courses are given only to a carefully 
selected group of those men in training who show prom- 
ise of becoming leaders in the more strictly technical 
fields. The object of these courses is to develop the 
ability of chemists and engineers to analyze and solve 
the complicated technical problems of industry. The 
class sessions are devoted chiefly to lectures by special- 
ists within the company on various topics in the basic 
theory of chemistry and engineering. Each week a 
problem is assigned to be solved by application of the 
theory presented. The problems are not simple 
computational exercises in textbook style but are 
complex and realistic technical projects. Many of 
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them have actually arisen in laboratory or engineering 
divisions or use real data from the Company’s plants. 
Solution of the problem generally requires about fifteen 
hours per week and must be done outside of regular 
working. hours. 

During the first year of training the advanced course 
in physical chemistry is offered. This course treats 
principally mathematics, the structure and properties 
of the various states of matter, thermodynamics, and 
rate processes. Men outstanding in the first-year 
course,are given the opportunity. to take second-year 
classes. These men remain on the training program 
an additional year but now spend six months on each 
temporary assignment. The only second-year class 
thus far organized covers the principal unit processes 
of chemical engineering. Additional courses in physical 
metallurgy and in resins, plastics, and electrical in- 
sulating materials will complete the full three-year 
program eventually planned. 

From the group finishing the advanced courses out- 
standing men are selected for supervisory assignments 
administering the courses and supervising the program 
of rotating assignments for periods of one or two years. 

Placement from the training program comes after the 
basic year of experience or after completion of one of the 
advanced courses. Each man is sent to discuss place- 
ment with the supervisors of the two or three sections 
most suited to his abilities and his own preferences, and 
the placement made is arranged by agreement among 
the supervisors and the man concerned. 

Men who have shown special interest and ability 
during the general training program are selected at this 
time for further specialized training. Engineers and 
chemists interested in sales are transferred to the 
Sales Training Program of the Company’s Chemical 
Department. These men spend one or two years in 
various plants and take special courses to get a thor- 
ough knowledge of sales techniques and of the Depart- 
ment’s products. The training is completed by ex- 
perience in the district sales offices. An occasional 
man is also accepted for the Patent Training Program. 
On this program he spends four years in the Company’s 
patent office in Washington, D. C., and obtains the 
LL.B. degree by attending law school in the evening. 
After completing training he transfers to the legal or 
patent staff. 

Most men, however, are placed in permanent jobs 
immediately after completing the general training 
program. Men usually (but not always) transfer to 
one of the sections in which they have already had a 
temporary assignment. The majority go into technical 
work, but some are selected for advertising, market 
research, personnel. and other nontechnical fields. 
The jobs requiring a more highly theoretical background 
generally go to graduates of the advanced courses. 
A number of engineers and chemists enter the field 
of nucleonics, and special courses in nuclear engineering 
are offered to selected groups of these men. 

The general operation of these training programs 
may be illustrated by two case histories. Mr. X, a 
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chemical engineer from the midwest, had been an artil- 
lery liaison pilot during the war but had had no previous 
industrial experience. When hired, he was primarily 
interested in engineering design and pilot plant work. 
His first assignment, however, was in a development 
laboratory evaluating detergents, and his second was in 
another laboratory studying the effects of various 
catalysts on resin formation. On his third assignment, 
in an engineering design division, he helped lay out a 
proposed polymerization pilot plant, and on his fourth, 
in a plant engineering section, he made process studies 
and design calculations for various plant changes. 
This man had an excellent technical mind and success- 
fully completed the advanced class in physical chemis. 
try. At the end of his training he was offered jobs in 
two development laboratories, a nucleonics plant, and a 
design division. His interest in design, however, 
proved to be not so strong as he had originally believed, 
and he decided to return permanently to the laboratory 
in which he had had his first assignment. 

Mr. Y, a nonveteran, came to the Company direct 
from college. He was young and somewhat immature, 
but he had a good personality and showed some promise 
of leadership. His first two assignments were in labora- 
tory groups studying laminated plastics and ceramic 
lightning arrestors. His performance was rather poor, 
and his supervisors pointed out a number of faults to 
him. On the third assignment he was put in charge of 
a branch laboratory for the analysis of plating, pickling, 
and other metal treating solutions. Here he was in 
close contact with factory personnel and did an out- 
standing job in organizing the laboratory routine 
and securing the cooperation of the workers concerned. 
On his last assignment, working on a pilot-plant project 
for the production of silicone intermediates, this man 
was again successful both technically and personally 
and was asked to remain as a permanent employee. 

Throughout his year of general training, however, 
Mr. Y had been interested in technical sales. Al- 
though his earlier performance would not have justified 
selection for sales work, his later record was so excellent 
that he was placed on the Sales Training Program. 
He completed the normal two-year program in one year 
and is now about to leave for a district sales office. 
Through the maturing process of the introductory 
training program this man quickly prepared himself to 
assume an important position at an early age. 

Although the General Electric programs for training 
and selective placement of chemical personnel have been 
in operation only two years, these and similar results 
thus far obtained have been most promising. Because 
of the current housing shortage the Company is still 
hiring men with families for direct placement. Within 
two or three years, however, nearly all chemists and 
chemical engineers, except those with the doctor’s 
degree, will go through the introductory training out- 
lined above. As graduates of the program come to 
fill more and more important positions in its chemical 
activities, the Company believes that the long-range 
benefits of training will be increasingly evident. 
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WITH HIS JOB’ 


Tue Unirep States Supreme Court held, in the case 
of Adams vs. Tanner, some years ago, that ‘The services 
rendered in acting as the paid agent of another to find a 
position in which to earn an honest living is useful, com- 
mendable, and in great demand...” That decision 
stands as a quaint commentary on a p:tiod when em- 
ployment agencies had need to protest their usefulness 
in a rapidly expanding industrial society; when they 
were struggling for public approbation, meanwhile op- 
erating on a promiscuous basis as brokers of mere jobs. 
The applicant’s need of a job—any job—was, in those 
days, the primary consideration. His qualifications for 
any particular job were largely matters of accident. The 
theory then prevailing was that if you sent enough people 
out after whatever jobs were currently available a cer- 
tain percentage of these people were bound to click. 
This type of operation did not tend to develop an 
attitude of responsibility. Its success was sought in 
short-sighted opportunism, resulting in scandalous 
waste of talent. It failed to command the respect of dis- 
criminating employers in proportion as it failed to 
attract the type of applicant who was qualified for, and 
who sought, an opening in a specialized field where his 
training and his talents would command adequate re- 
muneration, as well as the personal satisfaction that 
comes with the following of one’s vocation. As em- 
ployment agencies multiplied, the resulting competition 
compelled the development of a more intelligent out- 
look. It became apparent that there were fresh fields to 
conquer as ever-increasing numbers of students were 
graduated annually from technical schools and colleges. 
There was a place in industry for every science-trained 
graduate, but the individual’s chance of finding the spot 
where his training might be used to the maximum ad- 
vantage of both himself and his employer was remote 
unless he could market his services through an agency, 
which knew the ropes, so to speak, better than he could 
ever hope to learn them. Each graduate needed, in 
addition to his own training, the benefit of somebody 
else’s experience to insure that his training would not be 
misapplied. Here was an opportunity for employment 
people to rise above a condition in which they were mere 
“hewers of wood and drawers of water.” Progressive 
agencies began to seek higher altitude by applying 
scientific methods to placement work. The initial step 
was to set up, within their organizations, separate de- 
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SCIENCE-TRAINED WORKER 


TOM COFFER 


Coffer Personnel, Chicago, Illinois 


partments for different classes of workers, and to arrange 
that each department head would concentrate on the 
particular field assigned to him. Agencies organized on 
this basis quickly arrived on speaking terms with the 
greatest industrial organizations of the country. 

In line with such development, I had the experience, 
some years back, of pioneering a new department in one 
of the then foremost agencies in the city of Chicago. We 
had been getting frequent inquiries from industry for 
chemical engineers and people with kindred training, 
and, frankly, we were forced to recognize that we were 
incompetent to deal with such inquiries on a general 
basis. So, it was decided to open a new department 
which would direct its energies toward the placement of 
people in the chemical field. I was placed in charge but 
soon discovered that I was operating under irritating 
handicaps through having, all too frequently, to defer 
to the interest of the general organization. The work 
became daily more absorbing to me, and I came to the 
conclusion that specialization could not thrive on half 
measures. I decided to free myself of the restrictions 
which were a necessary part of the larger organization 
and to open an office which would be independent of all 
interests but those of the chemical field. The results of 
my efforts have been gratifying, almost beyond exagger- 
ation. Apart from domestic business, inquiries cur- 
rently being dealt with come from Canada, Mexico, 
South America, China, Australia, England, and the con- 
tinent of Europe. Inquiries from some of the more re- 
mote outposts of civilization come to my office as a result 
of advertising placed in Chemical and Engineering News. 
I feel that Forrest Anderson might’ now reverse the 
opinion which he once expressed in &n article on “Help- 
ing the Graduate to a Job,” in which he averred that the 
strictly professional employment agency had not been of 
great help to those seeking work in the chemical field. 
My own office has established a record of achievement 
that is out of proportion to our modest financial success. 
Apropos of this, I am under a debt of gratitude to 
Forrest Anderson himself who contributed in no small 
measure to that success by way of experienced advice 
and friendly encouragement. I believe Mr. Anderson 
did this because of his vigilant interest in every develop- 
ment that pertains to the welfare and progress of science- 
trained people and of chemical people in particular. 

“There is a tide in the affairs of men,” said Shake- 
speare, “which, taken at the flood, leads on to for- 
tune...” May I take the liberty of suggesting for 
serious consideration, that any man seeking the most 
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nearly ideal employment opportunity in the chemical 
field may wind up as a man who missed the tide if he 
fails to investigate the possibilities made available 
through today’s specialized placement bureau. It is 
because we are specialists in this field that our services 
are so valuable to men and women who are themselves 
specialists. We specialize in the business of knowing 
what goes on in educational as well as in industrial fields, 
in order that we may have constant and ready access to 
the highest caliber material in technical personnel de- 
manded to meet the varying needs of industry. We 
specialize, too, in methods of matching the man to the 
particular job for which his own peculiar background 
and training has best prepared him. 

We maintain contact with every industry where 
trained chemists are in demand, and we eliminate for 
the applicant the trial-and-error method—or rather, 
lack of method—of job-seeking, whereby he usually takes 
a position, more or less blindly, only to find that he was 
acting on partial information and had therefore com- 
mitted himself to an unsatisfactory propositon. So, he 
resigns and takes another chance elsewhere, with prob- 
ably the same result. Before he knows it he has earned 
himself the unenviable and often unwarranted reputa- 
tion of being unreliable, and we all know what it means 
to “give a dog a bad name.”” Such a man may not 
finally be able to secure the job he wants and, ironically, 
for which he is equipped, even if he should stumble 
across it. While one-man blunders along in this fashion, 
another may be away out ahead because he had the 
foresight to recognize his own limitations and to place 
himself in the hands of a competent counselor who 
could offer him: 


1. The choice of a greater number of openings than 
he could possibly find himself 

2. Experienced advice on different business and in- 
dustrial organizations, their policies and their 
histories. 

3. Protection of applicant’s identity during pre- 
liminary negotiations 

4. The privilege of investigating any opening on 
file, without prior obligation 

5. Immeasurable saving of applicant’s valuable 
time, which might. be wasted in the desultory 
pursuit of barren leads 


For the applicant we survey the job, and for the em- 
ployer we qualify the applicant. This is important to 
both. No employer can have confidence in people who 
habitually waste his time. It is not characteristic of an 
employer to invite the introduction into his business of 
the “glorious uncertainty” that properly belongs to the 
race track, and the thing he is most likely to seek to pro- 
tect himself against is the hazard of having the efficiency 
of his organization impaired by the frequent necessity 
of dispensing with the services of misfits. He greatly 
values prudence in hiring, so that firing may be kept at 
aminimum. No applicant should be diffident in giving 
us all the facts we seek when we act as his agent, be- 
cause we do him a real favor when we carefully qualify 
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him before introducing him to a prospective employer. 

Another aspect of this matter of getting the right 
start in the right job is the question of remuneration. 
We know what the prevailing scales are for different 
classes of chemical workers in the various industries, and 
our advice in this connection may be the deciding factor 
for some applicants who have no clear idea as to what 
their services may be worth. Some ask more than it is 
reasonable to expect any employer to pay. We know 
existing conditions and can sometimes steer such a man 
toward a position where he will take less to begin with 
than he himself had in mind. I have known it to happen 
many times, that such an applicant, relying on our ad- 
vice, and taking the long view, ultimately commanded 
earnings far in excess of his original aim. The reverse 
of this picture is the case of the applicant who neither 
has sufficient confidence in himself nor any realization of 
the market value of his talents. By painstaking analysis 
we can open up rich possibilities for such a man and, by 
presenting him properly to an employer, we can win for 
him a position to which his qualifications entitle him but 
which his own diffidence might have lost him if he had 
not had the benefit of our experienced advice. 

It is, I think, fitting at this time to give you a little 
insight into the results yielded by this highly indi- 
vidualized treatment of the chemical placement prob- 
lem, by recounting to you, briefly, a few case histories 
which come to mind. Many amusing things arise in the 
conduct of our business. 

We sent a very well qualified man who was refused 
the position because the man doing the hiring had 
attended school with the applicant’s former employer. 
In his refusal to hire this man, the employer told me 
that anybody who could work for that man for three 
years could not be much good. 

In presenting another man to the research director of 
an organization, we had given his age, nationality, 
standing, personality, qualification, experience, etc., 
which all fitted in perfectly. We then came to the 
school from which he had received his Master’s degree. 
He was immediately disqualified although this was an 
accredited school. The employer informed me that 
“They never did know how to teach chemistry in that 
particular school.” 

Some time ago we had a call from the president of a 
very fine organization who invited me out to inspect his 
plant and office. They had been using consulting 
laboratories, but felt the need of a chemical laboratory 
of their own. They are manufacturers of containers for 
the food industry. The president of this company did 
not know whether he wanted a chemist, a bacteriolo- 
gist, or a half dozen chemical engineers. After learning 
what the problems were, I suggested a very fine packag- 
ing engineer, whose doctor’s degree had been taken in 
metallurgy. They took my advice, hired him and set up 
a laboratory which today consists of two chemical engi- 
neers, two chemists, one mechanical engineer, and five 
well-trained laboratory assistants. 

Then I had the fellow who had trained for the mini- 
stry and had preached the gospel for two years before 
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going into the army asa chaplain. After three years of 
service, he decided to give up the ministry and go into 
chemistry, went to college for two additional years, ob- 
tained his B.S. degree and came in to see me about a job. 
The first man I sent him to told me that he was a nice 
fellow who would fit into the job, but that they had a lot 
of roughnecks around the place that cussed and they 
couldn’t bring in a man that would make them feel un- 
comfortable. The next man I sent him to said, ““We 
would like to have that fellow, but we are sometimes 
obliged to do things in this business that are not strictly 
according to Hoyle, and it would hardly be the thing to 
ask a minister to enter into something that wasn’t just 
exactly right.”” Another employer said, ‘We are afraid 
he might start preaching the gospel around here. We 
are all of different faiths, and so we had better not take 
him.” The applicant was very discouraged, but still 
understood the reasons for not being able to get on. We 
finally placed him as curator in one of the better colleges. 

We placed a young man recently who graduated in 
June, 1947, and who had majored in zoology and 
minored in chemistry. He had made many fruitless at- 
tempts to find a position where his training would apply. 


. 
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He visited one employment agency who sent him to a gas 
laboratory that needed a chemical engineer and to a 
paint factory that also needed a chemical engineer. 
Finally, through a friend, he found employment in a 
mill as a drill-press operator where he worked for about 
three months. He was attracted to my office by an 
advertisement in the local newspaper. We immediately 
placed him in a research laboratory which could use his 
training, and to use his words, ‘“‘at a salary and oppor- 
tunity for advancement more than satisfactory.” 

Our methods have proved sound in practice, and we 
do not intend to abandon them in favor of any spec- 
tacular expansion. I am personally convinced that with 
the rapidly accelerating importance of the chemist in 
postwar industry, the placement counselor can play a vital 
role in conserving talent, but only to the extent that 
he recognizes his limitations and does not overreach 
himself by invading other spheres of employment. 
Sincere application to the interests of the chemical field 
warrants the hope of continued successful service to the 
profession, and I may say without reservation that I 
can look for no success that is not bound fast to the 
successful careers of my clients. 


8 CHEMICAL EDUCATION TODAY’ 


Tus report was prepared in part from replies to a 
questionnaire sent out to fifty of the colleges and 
universities who have supplied more than 90 per cent 
of the science Ph.D.’s during the last ten years and to a 
number of Liberal Arts colleges as well. I have no 
doubt but that it presents a fair picture of the situa- 
tion in these schools, but it does not really cover the 
situation. of the average G.I. going to the average 
school—in 1947 to the number of 1,122,738. As a 
matter of fact, it probably gives a more favorable pic- 
ture than actually exists as far as the average G.I. 
in the average school is concerned. 

I think we will all agree that good teachers are more 
effective than are either good buildings or good equip- 
ment in the production of good students. There may 
not be too much opposition to the statement that the 
earlier in the course the student has contact with high 
quality teaching the better for him. The earliest point 
in his undergraduate career would be his first year. 
Here he frequently has direct and personal contact with 
inexperienced student assistants in the larger schools. 
The fact that Hope College, Juniata College, Mon- 
mouth College, St. Olaf’s College, and Oberlin College 





1 Presented before the Division of Chemical Education at the 
113th meeting of the American Chemical Society in Chicago, 
April 19-23, 1948. 
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have sent to graduate school during the years 1936-45 
more students to complete their doctoral work in 
chemistry than did Johns Hopkins, Fordham, Columbia, 
Tulane, and Syracuse? combined would seem to be the 
result, in part at least, of the fact that, in those im- 
portant formative early years in the undergraduate 
course, the students of the five liberal arts colleges 
were having close contact with inspiring and ex- 
perienced teachers. A similar observation has been 
made in the field of physics where Furman University, 
Oberlin College, Reed College, and Miami University 
(Ohio) combined sent more graduates to complete 
their doctoral work in physics than did Ohio State, 
Yale, Stanford, and Princeton combined. 

An even more striking observation is made—of the 
first 44 institutions sending men on to complete their 
doctoral work in science (based on the number of 
Ph.D.’s per 1000 students), 39 are colleges, 3 are univer- 
sities (Chicago, Cornell, and Princeton), and 2 are 
technical schools (California Institute of Technology 
and Massachusetts Institute of Technology); of the 
first ten, Nos. 1 and 10 are technical schools and Nos. 
2 to 9 are colleges.* The observation is made in this 
connection that mass education at the undergraduate 





2 STEELMAN Report, Vol. IV, p. 20. 
3 Ibid., Vol. IV, p. 146. 
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level is not a very effective way to train future scientists. 
QUALITY OF TEACHING 


Two-thirds of the science teachers, when questioned 
about the current quality of the teaching in their own 
departments, are agreed that there had been a definite 
deterioration, particularly at the undergraduate level. 
This appears to be more pronounced in the elementary 
courses where assistants are widely used. Some schools 
report using B.S. men as full-time instructors. Some 
admit that the quality of the graduate assistants is 
poorer than prewar and give as a reason the increased 
competition for the good graduates on the part of 
industry and government. The poor elementary 
instruction extends into the departments supple- 
menting chemistry, such as mathematics and physics, 
where the increase in enrollments is extended beyond 
the normal increase by war-generated interest in these 
fields. The reverse of this is also true—poorer quality 
of instruction in chemistry will ultimately be felt by 
departments using chemistry as a service department, 
such as premedical and medical training, agriculture, 
engineering, ete. Part of our swollen enrollment prob- 
lem comes from the increased number of students 
registering in these service courses. 

Teaching in the advanced courses seems to be more 
nearly on the prewar level, although there is some varia- 
tion. In general, the advanced courses are relatively 
less crowded than are the elementary courses and assist- 
ants are used only in laboratory training. 

Not all schools, of course, are affected equally. 
The Steelman report suggests that there is a definite 
pattern. Those large institutions carrying on a large 
amount of war work seem to be affected to a minor 
degree; the same applies to the Liberal Arts colleges. 
Institutions which were assigned little or no war work 
seemingly are affected to a considerable degree. A 
third class should be included—namely, the newly 
organized extension branches and the upgraded junior 
and teachers’ colleges now giving science training on a 
four-year basis; many of these have inadequate staffs 
and insufficient facilities to handle the program. 

Institutions carrying on heavy war research pro- 
grams, in many cases, were able to expand their labora- 
tory facilities and equipment; they drew from the in- 
stitutions without war programs and with shrunken 
enrollments good staff men on what was supposed to 
be a temporary basis. Some of these have become 
permanent members of the “borrowing”’ institution’s 
staff and the “ending” institutions have not been able 
to find substitutes of equal experience. 

Institutions without war programs were handicapped 
during the war period by loss of staff and by deteriora- 
tion in buildings and equipment, for they lacked the 
necessary priorities to construct buildings and buy 
equipment. These institutions are today serving 
greatly increased numbers of students with prewar 
facilities. They represent, in general, the schools in 
which staff salaries fall in the low brackets. Lack of 


equipment, crowded conditions, and low staff morale 
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have handicapped even the graduate program; this, 
in turn, affects the undergraduate teaching—particu- 
larly in the elementary courses—for it is difficult 
for these institutions to attract the highest grade 
graduate students; they tend to go to the “name” 
institutions. 

The newly organized extension branches and up- 
graded junior colleges and teachers’ colleges, have in 
many cases, been forced to build from the ground up and, 
in the extension branches especially, positions have an 
unknown but limited tenure. Scientific tradition, 
prestige, and the smooth working of an established 
department are missing. These handicaps are great 
enough to daunt all but the best teachers; they must 
make the process of learning much harder for all but 
the best students. Laboratory facilities may be in- 
adequate and even crude. Library facilities are often 
almost nonexistent. The teachers’ colleges have a 
very important function to fulfill in our over-all pro- 
gram; we need more and better high-school teachers in 
science, but I know one teachers’ college where the 
head of the chemistry department has advised his stu- 
dents not to go into high-school teaching but rather to 
go from his rather inadequate training program either 
to graduate school or directly into industry. Such an 
action is a disservice to the boy, the industry, and the 
future training program in the high school. 

The Liberal Arts colleges, in a large measure, are in a 
class by themselves. Whereas there has been some in- 
crease in enrollment, an attempt is still made to see to 
it that the elementary courses are taught by the ex- 
perienced teachers. From. my own experience in 
visiting schools this year, I believe that the good 
Liberal Arts colleges are in the best position to provide 
adequate undergraduate training of any of the schools. 
There are a number of reasons for this. In some of 
these colleges, there has been a very definite trend 
toward major work in social science rather than in the 
physical sciences; hence, the elementary courses in 
science are not overcrowded. Upper classes, par- 
ticularly those in organic and physical chemistry, seem 
to be on about the prewar level in numbers, and the 
teaching process is much the same as it was before the 
war in these fields. In fact, it is disappointing that 
the upper classes in chemistry in these high grade 
Liberal Arts colleges are not larger in size, for we need 
more good graduate students in science; as has been 
shown earlier, these colleges play an important role in 
graduate school registration. In many Liberal Arts 
colleges, the increase in the size and number of classes 
due to increased enrollment has not pushed either size or 
number to the breaking point. 


SCARCITY OF TEACHERS 


The question might be raised at this point, ““Why the 
inadequate number of good teachers?” There are a 
number of reasons. One is economic pressure. Any 
day in the news columns in Chemical and Engineering 
News there will be a picture and a short paragraph in- 
dicating that Professor X has left his university to 
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become a research group leader or research director 
with such and such a company. This migration is, in 
part, caused by postwar restlessness but, in larger part, 
by the difficulty in making a fixed income cover variable 
but increasing living costs; the latter condition is played 
upon in some detail by men from industry who are in 
need of increased research personnel. The policy is 
shortsighted—industry might better supplement the 
salaries of the teachers and keep them teaching. 

Another reason, and one to which an expanded dis- 
cussion might be devoted, is that graduate schools in 
science prepare for research and not for teaching 

There is another cause for scarcity of good teachers, 
not covered in the Steelman report. Although what 
I am going to say may sound facetious, it is not meant 
to be. That is the fact that the average university 
seems to look upon the title of President, Dean, or 
Department Head as carrying more prestige and, con- 
sequently, more salary than thetitle Professor. Recent 
issues of Chemical and Engineering News point with 
some pride to the fact that so many chemistry teachers 
have been made Deans; fifteen are listed. I could 
name many more. When a chemistry teacher becomes 
a Dean, he loses his close personal contact with the 
student; when a chemistry teacher becomes a depart- 
ment head, particularly in a large school, his time is 
taken up, of necessity, with such problems as curriculum 
planning, classroom use, timing of sections, purchase of 
supplies, hiring and firing of staff, and- teaching and 
research effectiveness are bound to suffer. It takes a 
very good man to be a department head or dean and at 
the same time as good a teacher as he was before his 
change in status. But when he becomes a President, 
well. ..! 

Why the scarcity of good graduate students for 
assistantships? I have hinted at the increased com- 
petition for good seniors on the part of industry and the 
government. This year I have visited more than 25 
schools with the object of interesting good senior chem- 
ists and chemical engineers in graduate work—those 
who have inclinations for work in the paper industry 
in our own graduate school, others in graduate work in 
general. I have sat around railroad stations waiting 
for late trains and have found, in passing the time of 
day with these industrial respresentatives, that there is 
little question in their mind but that they can do a 
better job of graduate training than can the graduate 
schools themselves, or so they tell the graduating 
students. Competition for the top ones is keen; com- 
petition for the average or lower-grade ones is mild, to 
say the least. A senior of good personality and high 
academic qualifications has to be strong minded to pass 
up the lure of industry today. About the same might 
be said for some of the new government laboratories. 
One of the factors which today may be interfering with 
the close relationship which is desirable between teacher 


. and student is the industrial project and the govern- 


ment contract. The college teacher who is responsible 
for the administration of any number of government 
contracts may have to face the problem of monthly 
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reports, quarterly meetings of government subcommit- 
tees in Washington, etc. The same holds for college 
professors who do any quantity of industrial work. 
Time away on consultation is time away from the 
students. Those industries employing college pro- 
fessors as. consultants would benefit themselves far 
more in the long run if today they would pay the 
professors a retaining fee but free them from any extra 
demands on their time—make the consulting fee an 
outright gift to the cause of technical training. A 
teacher can only divide his time so far and the farther 
it is divided the more superficial is the attention paid 
to any one section. The old saying that the squeaking 
wheel is the one that gets the most oil is true and, in this 
case, the squeaking wheel is either the industry em- 
ploying the man, the government contract, or the 
administrative responsibilities of the deanship. 


LABORATORIES AND EQUIPMENT 


To a lesser degree, our problem today is related to 
inadequate laboratories and equipment. The problem 
of laboratory space has been met by courageous insti- 
tutions scheduling their work effectively from the first 
hours in the morning until fairly late at night. This 
changes, of course, the old leisurely pace of the college 
campus but does make possible a spread of laboratory 


‘space and equipment so as to serve an increased number 


of students. During the past months, certain labora- 
tory items have been hard to obtain. Consequently, 
in some of the beginning laboratory courses, students 
have carried on work in groups or have had to pass up 
important experimental experiences. 

The matter of inadequate laboratories is being slowly 
corrected by expansion programs. In the spring of 
1947, 137 of the 200 institutions answering the question- 
naire sent out by the Division of Chemical Education 
indicated projected laboratory construction, many 
hoping to have their operation completed by 1949. 
Fifty-eight of the 137 were planning entirely new labora- 
tories; 28 were building new general science buildings; 
26 were extending current buildings; and 25 were 
rebuilding and modernizing present buildings. The 
estimated cost of the construction at that time ap- 
proached $100,000,000; it is probably greater than that 
today. Many of these building programs, however, 
will not come in time to help the present situation. 

A number of schools have handled inadequate labora- 
tory space with imagination and drive. One-floor 
wooden buildings and Quonset huts have been con- 
verted into very satisfactory laboratories for handling 
all classes of students. Laboratory furniture can 
either be of a temporary variety and homemade 
quality or can be of the type to move into a permanent 
building at some later date. Other schools have taken 
advantage of the benefits to be gained by functional 
construction and have built, rather rapidly, very satis- 
factory buildings for chemical use. The expenditure 
of money today for construction of a 50-year old 
architectural pattern is inexcusable. Much could be 
said on that subject. 
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The problem of swollen registrations in science 
courses might be helped in other ways. If it were 
possible to be absolutely certain that a separation could 
be made between science majors and general education 
students the latter might well be taught with lecture 
demonstrations and group laboratory projects, whereas 
the science majors would get the use of scarce space 
and equipment. This would relieve the crowded con- 
dition in the first-year laboratory; a bad feature is the 
probability that some gifted man or woman might be 
lost to science by taking the wrong course. An adequate 
testing and counseling program would increase the 
probability of identifying the potential scientist; by 
the same token, an adequate testing and counseling pro- 
gram would eliminate from the list of probable science 
majors men and women who belong in some other field 
and whose presence in major courses dilutes the work. 


OBSOLETE PROCEDURES 


There is still another approach and that has to do 
with a modification of the curriculum. Many schools 
are teaching their chemistry courses with the same 
content and in the same manner as 30 years ago. 
Chemistry departments need to set up curriculum com- 
mittees to review their over-all program and to deter- 
mine the relationship between the various courses 
and the relative value of these courses. There are 
some things that industry can do better than the 
schools. Specific courses in paint analysis, water 


analysis, food analysis, and the like may be taking up 
time and space and energy that might better be given 
to fundamental courses in analytical chemistry, inorganic 
chemistry, organic chemistry, and physical chemistry, to 
physics, mathematics, English, and the social sciences. 
The research approach does not have to be put off until 


the postgraduate year. The cookbook can be re- 
placed by the library. Analytical methods and or- 
ganic preparations can be utilized as research ex- 
periences, and the student group as the research staff; 
they can develop the analytical method; they can study 
the variables in the synthetic process. From this, they 
derive the satisfaction of achievement rather than the 
frustration that so often goes with the word by word 
following of some rather complicated analytical method. 
The whole curriculum needs to be given the benefit 
of an airing in the sunlight. 

The system of examinations likewise needs a thorough 
investigation—particularly in graduate schools where 
the qualifying examination and the thesis examinstion 
are looked upon as fetishes by many professors. It 
seems to be important that the graduate program give 
actual experience in the organization of research and 
that the program be set up with that end in mind rather 
than that the graduate student play a part in some 
professor’s research program. Industry will expect a 
man to be self-reliant and to have imagination and 
foresight—the Ph.D. going into industry to be more 
than a pair of hands; he should be able to discriminate 
and evaluate. 

I should like to call your attention to two approaches 
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to this problem. First is that at Princeton where the 
graduate student is advised when he joins the graduate 
school that, at the time of submission of his Ph.D, 
thesis, he will be expected to submit a certain number of 
research projects in which he might be interested in 
carrying on work, together with a statement of the 
literature and an outline of a proposed progress of study. 
This takes the place of a thesis examination. I wonder 
how many college teachers today are carrying on re- 
search in the fields they investigated for their Ph.D.’s, 
The average man going out with his Ph.D. has had 
experience in only one field. He needs to have his sights 
lifted and his horizons broadened. 

The other approach is the one followed at The In- 
stitute of Paper Chemistry. This involves a different 
kind of a qualifying examination. We believe that 
the conventional qualifying examination does not 
necessarily prove that a man is able to carry on in- 
dependent research. We have submitted a series of 
nonrelated problems to be handled independently by 
the graduate student. The student is required to 
look into the background of the problem, to recom- 
mend a course of investigation, and to defend his choice 
of procedure. He may even go into the laboratory 
to carry on a few preliminary experiments. The prob- 
lems are in a wide variety of fields. The student also 
attends a number of colloquia covering the various 
related subjects dealing with research—legal questions, 
instrumentation, statistical applications, labor-tech- 
nical relations, management-technical relations, etc. 
By the time he has completed his last problem, he has 
been evaluated by almost every member of our teaching 
staff in terms of his capacity to organize research and 
think independently. We have already determined his 
knowledge by a series of tests, his behavior in course 
and in the series of reports, both oral and written. 

I do not wish to close on a critical note. Our schools 
have faced a difficult problem with courage and, in 
many cases, with wisdom. Teachers have given liber- 
ally of their time and effort and many of the men and 
women who are coming out from this program will be 
important members of our scientific body in the years 
to come. However, we want to be very sure that we 
have left nothing undone that might have been done 
to improve the training given to the veteran who has 
invested his time and his savings with the expectation 
of getting a perfectly satisfactory and adequate training. 
The next two years will be important years for, during 
this period, there will come up to the third and fourth 
year a large number of G.I. freshmen and sophomores; 
other freshmen and sophomores in large numbers will 
take their place. Many of these new students, how- 
ever, are not veterans and the whole tempo of the train- 
ing program is bound to change. During this period, 
industry and government might well declare a closed 
season on hunting in the college teacher preserves; 
industry in particular might take a postive attitude 
and either subsidize the ablest teachers or return on 4 
temporary basis such men as could contribute to the 
teaching field. There are many older men in industry 
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today who were outstanding teachers in their younger 
days; economic necessity sent them into industry. As 
many of these as can might well return to the college 
laboratories. Similarly, a closed season might be de- 


HYDRIDES 


Remarxas ty little information has been published 
on the structure and properties of the hundred -or so 
known hydrides, and chemists are generally unfamiliar 
with this interesting group of compounds. Certain of 
the hydrides, notably sodium hydride, lithium hydride, 
calcium hydride, lithium aluminohydride, and sodium 
borohydride, show unusual promise as laboratory re- 
agents and industrial chemicals. The unique reactivity 
of lithium aluminohydride in particular implies use on a 
considerable scale both in the laboratory and in indus- 
try. 

Our present limited knowledge of hydrides dates 
from the work of Moissan and his contemporaries a 
half century ago, although some of the most significant 
contributions have been made within the last few years, 
notably by Schlesinger, Wiberg, and their coworkers. 
The properties of compounds of hydrogen differ quite 
markedly with the nature of the combining element. 
For the purposes of this discussion, hydrides are defined 
as compounds containing a metal-hydrogen or metalloid- 
hydrogen bond. The diagonal sequence B, Si, Ga, As, 
Po (see Figure 1) defines the borderline elements whose 
hydrogen compounds are here considered hydrides. 
Hydrogen compounds with the nonmetals—for ex- 
ample, water, hydrogen chloride, ammonia, ete.—have 
little in common with the rest of the group and are not 
generally considered to be hydrides: 

The hydrides themselves, however, differ widely in 
properties, as shown in Table 1. Some are stabla metal- 
lic substances. Others, such as sodium hydride, react 
vigorously with water, while still others—for example, 


clared on good seniors entering industry but who norm- 
ally would go on to graduate school, thus improving the 
quality of graduate assistants teaching in the elemen- 
tary courses and would in the long run benefit industry. 


A Brief Review of Their Nature and 


Properties 


THOMAS R. P. GIBB, JR. 
Metal Hydrides, Inc., Beverly, Massachusetts 


certain hydrides of boron and silicon—explode on con- 
tact with air. Some are thermally unstable, as is cobalt 
hydride which decomposes rapidly at room tempera- 
ture, but the hydrides of lithium and calcium are not 
appreciably dissociated even at dull red heat. In many 
cases the hydrides are less reactive than the correspond- 
ing metals; for example, finely powdered titanium and 
zirconium hydrides are relatively inert, whereas the 
corresponding metal powders of the same particle size 
are apt to be pyrophoric. 

The very differences between hydrides form a basis 
for their classification into four fairly well-defined types: 
saline or salt-like (ionic crystals), polymeric (containing 
two or more metal atoms connected by hydrogen 
bridges), metallic (possessing luster, electrical conduc- 
tivity, etc.), and volatile (usually covalent). A few so- 
called hydrides cannot be arbitrarily assigned to any of 
these groups. These are the metallic interstitial hydrides 
in which the hydrogen sometimes acts as though it were 
bonded to the metal atoms present and sometimes as if 
it were a solute. Undoubtedly, more careful study of 
this group of compounds will reveal the presence of both 
true hydrides and dissolved hydrogen. Superimposed 
on the above classification is the obvious grouping into 
simple (and usually binary) hydrides such as NaH, and 
complex hydrides such as sodium borohydride, NaBH. 
Included among the complex hydrides are those pos- 
sessing organic radicals such as dimethyl alumino- 
hydride (CH3)2AlH. Some of the unstable, little-known 
hydrides—for example, of iron or nickel which have the 
formula MH,-—are tentatively classed with the simple 
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Figure 1. 


Periodic Distribution of Reported Hydrides 


Inadequate evidence exists for the formula and classification of several of the above hydrides, and this chart 
must be considered merely as an attempt to interpret available data. 


hydrides, although almost nothing is known of their 
structures. 

The diversity of types and the concomitant differ- 
ences in structure are due in large measure to the unique 
properties of hydrogen: In particular the small size of 
the hydrogen atom (0.30 A covalent radius) and the 
negative hydride ion (2.08 A, which is comparable to 
the bromide ion), together with the ability to form a 
stable configuration by gain or loss of a single electron, 
are of considerable significance. It will be recalled that 
hydrogen is generally assigned a periodic classification 
as a member both of the halogen and of the alkali metal 
groups. This versatility of hydrogen is shown by its 
ability to form the ionic compound NatH~, metallic 
compounds such as TiHe and a variety of covalent com- 
pounds such as AsH3, CH,, etc. The “electronically 
amphoteric” character of hydrogen may account for the 
metallic properties of certain of the hydrides and cer- 
tainly accounts for the polymeric structure of the hy- 
drides of boron, aluminum, and a few other elements. 
A tentative periodic classification of hydrides is shown 
in Figure 1. 

The properties of many of the saline hydrides which 
contain H~ are best explained by considering molecular 
hydrogen to be a weak acid H+H™~ analogous to but 
weaker than H+F~-. The alkali metal salts of this weak 
acid, e. g., Na+H~, are expected to be strong bases and 


also to be analogous in many physical respects to hal- 
ides. Indeed, the saline hydrides when electrolyzed at 
high temperature yield hydrogen at the anode. In 
general, their crystal properties are comparable to those 
of the corresponding fluorides or chlorides. 

The saline hydrides of the first two periodic groups 
are all white crystalline salts with the possible exception 
of beryllium and magnesium hydrides whose properties 
have not yet been described, All of the alkali metal 
hydrides have the sodium chloride structure. Again, 
with the possible exception of beryllium and magne- 
sium, the density of each of the alkali and alkaline 
earth metal hydrides is greater than that of the corre- 
sponding metal. All appear to be insoluble in inert 
solvents, although the more stable hydrides will dissolve 
in molten halides and sodium hydride dissolves in mol- 
ten sodium hydroxide. All of the simple saline hydrides 
react vigorously with water yielding hydrogen and the 
corresponding hydroxide. Lithium hydride and par- 
ticularly calcium hydride have been widely used in 
portable hydrogen generators, which range from elabo- 
rate high-pressure types to the simple generator shown 
in Figure 2 which is used for inflation of meteorological 
balloons The saving in weight over conventional hy- 
drogen cylinders is very great Pellets of calcium hy- 
dride find some use for generation of acid-free hydrogen 
on a laboratory scale Calcium hydride is one of the 





TABLE 1 
Properties of Hydrides 
(Selected values from the recent literature) 





Formula Type Density, g./cc. 


AH;, kg.-cal. 


Appearance and structure Reaction with H,O 





0.76 
1.36 


Saline 
Saline 
Saline 
Saline 
Saline 
Saline 
Saline 
Saline 
Metallic 
Metallic 
Metallic 
Metallic 
Volatile 
Volatile, solid 
Volatile 
Volatile 
Volatile 
Volatile 


LiH 
NaH 


= Oo 
COnon 
NOQe 


SNOT 
geee: § 


Webmin 


Al(BH,)s 


Vigorous 

Violent 

Violent 

Vigorous 

Vigorous 

Violent 

Slow (sol. ice water) 
Vigorous 

None 


. eryst. cubic 

. eryst. cubic 

. eryst. cubic 

. eryst. def. hex. 

. cryst. 

. eryst. ortho. 

. cryst. 

. cryst. 
Metallic, cubic 
Metallic, tetrag. 
Black, dec. room temp. 
Black, pyrophoric, cubic 
Col. gas, expl. in air 
bf serystals, kao gai 


expl. in air 
Cal fi id expl. in air 


Cor quid 
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None or slow 
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Moderate 
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None 
None 
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most powerful drying agents and finds some use in the 
superdrying of gases, dielectrics, etc. With alcohols, 
the reaction of saline hydrides is less vigorous and leads 
to very pure alcoholates. Calcium hydride reacts only 
very slowly with higher primary alcohols and almost 
inappreciably with secondary and tertiary alcohols. 
The saline hydrides are generally insoluble in liquid 
ammonia but react with gaseous ammonia above room 
temperature to form pure amides. The saline hydrides 
are remarkably poor reducing agents at room tempera- 
ture in contact with aqueous or alcoholic solutions. 
Calcium hydride, for example, fails to reduce aqueous 
safranine or acid methylene blue which are easily re- 
duced by calcium metal. At higher temperatures the 
hydrides dissociate yielding active hydrogen and nas- 
cent metal. The mechanism of the dissociation is not 
fully understood, but the hydrides are extremely useful 
for the reduction of refractory metal oxides since the 
reduction proceeds smoothly at a controllable rate (in 
contrast to the thermite reaction). The activity of 
hydrides as reducing agents at elevated temperatures 
is largely a function of the dissociation temperature 
(see Figure 3). Sodium hydride dissolved in molten 
sodium hydroxide is said to be an efficient descaling 
agent for removing oxide film from steel. Oxygen- 
containing compounds in general are reduced by the 
simple saline hydrides at elevated temperatures. Car- 
bon dioxide is reduced to formate, sulfates to sulfides. 
The latter reaction is used for the analytical determina- 
tion of total sulfur (2). The simple saline hydrides 
react with the nonmetals such as chlorine, oxygen, 
phosphorus, and sulfur in much the same way as the 
corresponding metals. While lithium, calcium, and 
strontium hydrides are relatively stable in air, the other 
saline hydrides of the first two groups may ignite spon- 
All of the hydrides 
of the first two groups react vigorously with water 
yielding approximately twice the volume of hydrogen 
evolved by the corresponding metals. Table 2 indicates 
the volume of hydrogen generated by reaction of various 
hydrides with water. 

As might be expected from the above-mentioned con- 
cept that saline hydrides are salts of the weak acid hy- 
drogen, they are all strongly basic. This basicity which 
is considerably stronger than that of the corresponding 
alcoholate leads to the expectation that these hydrides 
will function as condensing agents in such reactions as 
the Claisen and aldol condensations. This expectation 
is realized. Typical reactions are: 

(a) 2RCH,CHO — oa ag pet > 
RCH,CH=C(R)CHO 

(b) aE OHO at Re eo: ‘R- 

(c) ROHO > ROHLCOORt > RCH—CH(R)COOFt 

(d) 2RCH,COOEt — RCH,CO-CH(R)COOEt 

Reactions of type (a), (b), and (c) are promoted by 

sodium, lithium, calcium hydrides and probably by all 

of the simple saline hydrides. Reaction (d) is promoted 

by sodium hydride (3, 4) and to some extent by lithium 

hydride, but calcium hydride fails to react in general 

unless the temperature is above approximately 150°C. 
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The hydrides of Group I metallate both acetoacetic and 
malonic esters, but calcium hydride metallates only the 
former. 

The complex saline hydrides of current importance 
include lithium aluminohydride, LiAlH,, lithium boro- 
hydride, LiBH4, and sodium borohydride, NaBH. It 
is likely that the liquid aluminum borohydride will also 
find many uses. These hydrides, in contrast to the 
binary hydrides mentioned above, are very powerful 
reducing agents at ordinary temperatures. Lithium 
aluminohydride is by far the most important in this 
connection (5, 6), both because of its inherent reducing 
power and its considerable (30 g. per 100 cc.) solubility 
in diethyl ether as well as in other ethers. 





TABLE 2 


Liters of Hydrogen (at S.T.P.) Generated per Gram of 
Generating Substance 





Reaction Liters 


~~ + 4H:0 — sO) eat % 8H, 
LiH + H.O — LiOH + Hy 

Si + 2NaOH + H,0 — Na,SiO; + 2H, 
LiAIH, + 2H,O — LiAlO,.(?) + 4He 


cat. 
NaBH, + H.O ——> NaBO, + 4H; 
CaH, + 2H,0 — a ae i 2H: 
NaH + H.O — NaOH + H: 
Ca + 2H.0 — Ca(OH), +H 
2Al + 2NaOH + 2H;0 — 2NaAl0, + 3H, 
2Na + 2H.O — 2NaOH + H, 
Zn + 2HCI — ZnCh, + Hz 


* The actual volume is slightly greater than theoretical since 
less base is required than shown in the equation. 
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Figure 2. Hydrogen-Generation Equipment for Balloon Inflation 
Showing Nature of Calcium Hydride Used to Fill Containers 


Components of a portable hydrogen generator from top to bottom: two 
sizes of balloons; the hydrogen generator body which is immersed in water; 
the calcium hydride container; calcium hydride in rod form. 
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Lithium aluminohydride is made by the vigorous re- 
action of finely divided lithium hydride with ethereal 
aluminum chloride, preferably in the presence of a 
“seed” of the product. 


diethyl 
4LiH + AlCl; ———> LiAIH, + 3LiCl 
ether 
The lithium hydride and lithium chloride are insoluble. 
Pure lithium aluminohydride is obtained by evaporating 
the filtrate; the last of the ether is removed from the 
viscous sirup by heating to 80°C. in vacuo. The re- 
sulting product is white, crystalline (presumably ionic, 
Li*AlH,~), and stable below 130°C., above which tem- 
perature it decomposes irreversibly to lithium hydride, 
aluminum, and hydrogen. The solid ignites in air when 
dropped on a copper block at 150°C. and burns in two 
distinct stages. It may also ignite when ground vigor- 
ously in a mortar or when moistened. A lump will de- 
compose violently but often without ignition when 
placed in a pool of water. It reacts rapidly with all 
hydroxyl compounds and more slowly with primary and 
secondary amines and with amides. This reaction has 
been used as a superior substitute for the conventional 
Zerewitenov reaction (7) and for the determination of 
enol in a tautomeric system. The reaction with water 
(8) is approximately represented by the equations: 
LiAlH, + 2H,O — LiAlO, + 4He 
LiAIH, + 4H,O — LiOH + Al(OH); + 4H: 

With carbonyl compounds, ethereal lithium alumino- 
hydride reacts rapidly and more or less quantitatively 
at room temperature yielding an alcoholate or possibly 
mixed alcoholates from which the free alcohol is ob- 
tained on acidification: 


ether 
4RCHO + LiAIH, ———> (RCH,O),LiAl 
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Figure3. Thermal Dissociation of Several Hydrides. Sources: NaH— 
F. G. Keyes, J. Am. Chem. Soc., 34, 779 (1912). 
et. al. ibid., 61, 318 (1939). 
2, 30 (1947). 


CeH:—W. C. Johnson, 
ZrH: and BaH:—W. C. Schumb, ibid., 69, 
LiH—C, B. Hurd and A. G. Moore, ibid., 57, 332 (1935). 
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This reaction is general for aldehydes, ketones, acids, 
acid anhydrides, acid chlorides, and esters, e. g.: 


ether 
2(RCO).0 + 2LiAIH, ———> (RCH,O),LiAl + LiAlO, 


When an active hydrogen is present it reacts as well as 
the carbonyl group: 


ether 
4RCOOH + 3LiAlH, ———> (RCH,O),LiAl + 2LiAlO, + 4H, 


This latter reaction is of great interest since it consti- 
tutes the simplest of the very few methods for direct 
reduction of acids. The unusual reducing power of 
ethereal lithium aluminohydride is further attested by 
its ability to reduce carbon dioxide to methanol at room 
temperature. Nitriles are reduced to pure primary 
amines, aromatic nitro compounds to azo compounds, 
and aliphatic nitro compounds to amines. The reduc- 
tion of nitriles is important not only because of the ab- 
sence of the usual side products, but also in that it con- 
stitutes a method whereby nitriles may be determined 
volumetrically. « 

One of the primary advantages of lithium alumino- 
hydride, in addition to the ease with which its reactions 
are carried out, is its specificity for double bonded 
oxygen. Normal carbon to carbon double bonds are not 
affected at room temperature, which remarkable fact 
permits many hitherto difficult reductions to be effected 
very simply. A number of highly unsaturated alde- 
hydes, ketones, and esters have been treated with 
lithium aluminohydride to obtain the unsaturated 
alcohols in excellent yield with no disturbance of the 
carbon-to-carbon unsaturation. This reaction has been 
used by Milas to effect a synthesis of a vitamin A inter- 
mediate (9). Double bonds activated by conjugation 
with a phenyl and a carbonyl group may be reduced. 

Lithium aluminohydride is a key reagent for the 
preparation of other hydrides by a metathetical reac- 
tion (6). Thus, aluminum chloride reacts with lithium 
aluminohydride forming aluminum hydride, and boron 
trichloride reacts in an analogous manner. 


ether 
AIC]; + 3LiAIH, ———> 4AlH; + 3LiCl 


ether 
4BCl, + 3LiAIH, ———> 2B2He + 3LiAICL 


In similar fashion, employing either anhydrous hal- 
ides or alkyls of the respective elements, simple hy- 
drides of arsenic, antimony, beryllium, boron, german- 
ium, magnesium, silicon, and tin have been prepared 
(6). The ether-soluble and the volatile hydrides are of 
interest to the metallizing and metallurgical industries 
since many of these hydrides are easily decomposed to 
the pure metals. 

Relatively little has been published concerning other 
complex saline hydrides. Sodium and lithium boro- 
hybrides are the best known. The former is unique in 
that it reacts so slowly with cold water that it may be 
recrystallized from this solvent, although in the presence 
of acids or certain catalytic salts, it reacts rapidly. 
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Proposed Structure of Some Polymeric Hydrides 
(after Longuet-Higgins) 


Figure 4. 


Lithium borohydride reacts violently with water. Both 
are excellent reducing agents but are not very soluble in 
organic solvents (10). These hydrides may be made in 
much the same way as lithium aluminohydride, al- 
though a number of novel preparative methods have 
been developed. Both hydrides probably contain the 
tetrahedral BH,~ ion. Their crystal structures have 
been ascertained (17, 12). Aluminum borohydride and 
beryllium borohydride have been described by Schle- 
singer and coworkers (13). The latter is of interest be- 
cause it is one of the most efficient hydrogen sources 
known. On reaction with water one gram liberates 
nearly five liters of gas (see Table 2). 

The polymeric hydrides include several whose molecu- 
lar structures are not known with certainty, and the 
entire classification is based on a theory proposed by 
Longuet-Higgins (14) to account for the unexpected 
physical properties of such hydrides as BeHe, AIHs, 
CuH, ete. According to this theory hydrogen behaves 
as though it were bivalent. This behavior is interpreted 
as a consequence of resonance, in which hydrogen be- 
cause of its size and unusual electronic character is able 
to bridge two metal atoms, as shown in Figure 4. In 
the case of the volatile hydride, diborane, it is obviously 
impossible to account for the formula B2He on the basis 
of univalent hydrogen and trivalent boron. Here too, a 
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resonating system probably exists whose participating 
structures include those shown in Figure 5. Aluminum 
hydride formed in ether solution is initially soluble but 
slowly precipitates as a polymeric etherate in the form 
of an evidently amorphous white mass. Other hydrides 
of this group have been prepared by the reaction of 
atomic hydrogen with metals in an electric discharge 
(15) as well as by aqueous methods (1/6). (See Table 3, 
reactions (3) and (5)). 

The metallic hydrides are metallic in the usual sense 
of the word, 7. e., they possess hardness, luster, and 
electrical conductivity. Direct combination of metals 
with hydrogen is satisfactory only in a few cases, either 
because of the inhibiting effects of impurities or because 
the products contain dissolved hydrogen. Some metals, 
such as cerium and uranium, “hydride” completely at 
high temperature and are disintegrated to powders. 
Others, such as zirconium and titanium, take up hydro- 
gen with little or no change in appearance although the 
hydrides are generally rather brittle. Some of the less 
stable hydrides may be prepared via ethereal lithium 
aluminohydride or by the reaction of the anhydrous 


Figure 6. A Portion of a Proposed Structure of 
Uranium Hydride UH; (After R. E. Rundle). The 
Smaller Atoms Represent “‘Bivalent’’ Hydrogen. 











TABLE 3 
General Methods for the Synthesis of Hydrides 





Reaction type 


Equation 


Examples 








(1) Direct combination (normal or nas- 2Li + H, — 2LiH 
cent metal) 


(2) Reaction with atomic hydrogen Ag + H — AgH 


(3) Reaction with “nascent” hydrogen 


(4) Grignard reaction 


Mg + CaO + H: - CaH: + MgO 


AsCl; + [H] — AsH; + HCl 
CoCl; + 2CsH;sMgBr -+ 2H, i CoH: a 


Hydrides of: Li, Na, K, Rb, Cs, Ca, Sr 
Ba, Ti, Zr, U, Th, rare earth metals 
Practically all, known hydrides, pos- 
sibly excepting those of Cr, W, Fe, 
Pd, Zn, Cd, Hg, Pb 

PH;, AsHs3, AbH;, BiH, GeH,, SnHy, 
PbH,(?) 


WH;, CrH;, hydrides of Fe, Co, Ni 


2CsHe + MgBr2 + MgCl 


(5) Hydrolysis 


(6) Hydride metathesis 


Mg.Si + 4H.O — SiH, + 2Mg(OH), 


AIC], + 3LiH — AIH; + 3LiCl 
ZnMe, + LiAlH, Sind ZnHe + LiAl(CHs)2H2 


Boranes, SiH,, AsH;, SbH;, PhH,(?), 
BiHs, SnHy, GeH,, ete. 


AIHs, ZnHe, BeH2, MgH.(?) 
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Figure 5. Proposed Structures of Diborane B:H: 


chlorides with phenylmagnesium bromide in a hydrogen 
atmosphere (17, 18). 

The crystal structures of a number of metallic hy- 
drides have long been known. Recent studies, however, 
suggest that the structural units themselves contain 
hydrogen bridges of the type found in the polymeric 
hydrides. Thus, at least some of the metallic hydrides 
may constitute an extension of the polymeric class. 
Uranium hydride, UHs, for example, has been shown to 
have a three-dimensional hydrogen-bridge structure 
(Figure 6). The difference between such a structure 
and that of a typical interstitial compound is only one 
of degree, and it seems likely that the loose, so-called 
interstitial hydrides may have a similar hydrogen 
bridge structure. 

The metallic hydrides are all strong reducing agents. 
Titanium hydride has been used for the reduction of 
aqueous ferric ion. Hydrogen evolved from the less 
stable metallic hydrides has great reducing power and 
is thought to be in the atomic state in the case of pal- 
ladium hydride, ete. Titanium and zirconium hydrides 
are used in the manufacture of vacuum tubes. The 
finely divided material in a suitable vehicle is sprayed 
onto parts of the tube which is then “flashed” under 
vacuum, thus leaving a film of metal which acts as a 
“setter” during subsequent operation of the tube. Tita- 
nium hydride is also used in powder metallurgy where 
it is said to decrease the porosity of sintered compacts. 
The principal advantage of the hydrides of titanium 
and zirconium over the powdered metals themselves 
is the lessened hazard of handling. The powdered 
metals are quite pyrophoric. Strangely, both uranium 
and cerium hydrides are more pyrophoric than the 
corresponding metals. Both titanium and zirconium 
hydrides are hydrogenation catalysts as well as reducing 
agents. Little work has been done with the unstable 
metallic hydrides of iron, cobalt, nickel, chromium, and 
tungsten. This group should be of considerable interest 
in connection with the preparation of metal films and 
catalytically active metals. 
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The primary volatile hydrides have been so 
thoroughly reviewed in recent publications that only 
passing mention will be given them. Diborane in par- 
ticular is of considerable interest because of its high 
heat of combustion. A number of hydrides have been 
proposed as rocket fuels (19). One most significant 
feature, however, is the fact that the volatile GeH,, 
SnH,, and SiH, may now be prepared for the first time 
in quantity by the use of lithium aluminohydride. 
These compounds, despite their hazardous nature, will 
certainly find many uses. The secondary hydrides of 
this group offer an attractive field for further investiga- 
tion. The alkyl hydrides of silicon—e. g., methylsilane, 
dimethylsilane, etc.—are of interest in the silicone resin 
field, since through such hydrides, it is possible to ob- 
tain chlorine or chloride-free -_polymers and to effect 
various types of cross linking. 

From this cursory review it is evident that hydrides 
are a highly reactive, diversified, and largely unexplored 
family of compounds, many of which show great poten- 
tialities both as reagents and as chemicals of commerce. 
The unexplored gaps in hydride chemistry constitute 
an attractive and promising field for future research. 
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ERRATUM 


In the review of ‘“‘The Theory of Valency and the Structure of Chemical Compounds” which 
appears on page 180 of our March, 1948, issue the author should have been given as: Priyadaran 
‘ jan Ray, rather than Pandit Ray. 
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e THE CHEMICAL FORMULARY 


H. Bennett, Editor-in-Chief. Volume VIII. Chemical Publishing 
Co., inc., Brooklyn, New York, 1948. xxvi + 448 pp. 14.5 x 
22cm. $7. 


A NEW volume in a well-known series, it contains many new 
formulas obtained from the Allied Intelligence Groups. Cate- 
gories covered are: adhesives; cosmetics; drug products; emul- 
sions and dispersions; farm and garden preparations; food prod- 
ucts; ink and allied products; insecticides, fungicides, and weed 
killers; leather treating preparations; lubricants and oils; con- 
struction materials; metals and their treatment; paint, varnish, 
lacquer, and other coatings; paper; photography; plastics, 
rubber, resins and waxes; polishes; pyrotechnics and explosives; 
soaps and cleaners; textiles; miscellaneous. 


r) ISOMERISM AND ISOMERIZATION OF ORGANIC 
COMPOUNDS 


Ernst David Bergmann, Director of the Weizmann Institute of 
Science, Rehovot, Palestine. Interscience Publishers, Inc., New 
York, 1948. xi+138pp. 3tables. 15 X 23cm. $3.50. 


Tue Text of this book is composed of material given in six 
lectures presented at a seminar held at Polytechnic Institute of 
Brooklyn during the winter 1945-46. The author states in the 
preface, ‘‘It should be emphasized that these lectures did not aim 
to cover the field fully; they were expected to invite discussion 
and to furnish food for thought.” The booklet is an extremely 
interesting presentation of certain aspects of isomerism and 
isomerization, and although it is incomplete most readers should 
find ample ‘‘food for thought.” The discussions are usually of a 
critical nature, and not merely a compilation of facts and phe- 
nomena. All, or part, of the book is obviously ideal material for 
an organic seminar. However, to attain a full appreciation and 
comprehension of the subject matter, it seems desirable to have a 
reasonable knowledge of physical organic chemistry. 

Since this booklet is not a complete textbook on isomerism, it 
might be wise to identify in a general manner the nature of the 
contents. A list of the chapter titles follows: ChapterI: Reso- 
nance Phenomena in Organic Molecules; Chapter II: Cis-Trans 
Isomerism and Cis-Trans Interconversion; Chapter III: Iso- 
merization of Olefinic Structures; Chapter IV: Mechanism of 
Substitution Reactions and Racemization and Walden Inversion; 
Chapter V: Isomerization of Paraffins and Related Phenomena; 
Chapter VI: Mechanism of Intramolecular Rearrangements. 

The manuscript was obviously assembled with some care. 
There are numerous references to the literature, and pertinent 
material from the recent literature (to April, 1947) has been in- 
cluded. The book contains a brief subject index. 


. CHYMIA, ANNUAL STUDIES IN THE HISTORY OF 
CHEMISTRY, VOLUME I 


Tenney L. Davis, Editor, Norwell, Mass. University of Penn- 
sylvania Press, Philadelphia, Pa., 1948. xiv + 190 pp. 20 
illustrations. 15 X 24cm. $4. 


A CAREFUL and complete reading of this book, which is the first 
of a series of annual volumes containing articles on the history of 
chemistry to be published under the sponsorship of the Edgar 
Fahs Smith Memorial. Collection of the University of Pennsyl- 
vania, gave a very real pleasure to this reviewer. All,those who 
have made this publication possible should be congratulated. 
Dr. Tenney L. Davis is the chairman of the editorial board, a 


group of American chemists who are interested in the history of 
chemistry. Miss Eva V. Armstrong, the curator of the Smith 
collection, is the secretary. Both have written many articles of 
historical interest and are very much interested in the field. 
Edgar F. Smith, as a collector of books, manuscripts, and prints 
relating to chemists and their accomplishments, did much to 
promote interest in the past records of the science of chemistry. 
He was one of the founders of the Section, now the Division of 
History of Chemistry of the American Chemical Society, and it 
was his wish to develop a journal devoted to his special avocation. 
This has now been done and the initial volume sets a high standard 
in content and in appearance which will be appreciated by all who 
read it. There has been nothing just like it in this country. This 
attempt to gather papers which present thoughtful studies on 
chemical history is commendable. Not only will authors be 
proud to contribute but readers will welcome a specialized publi- 
cation for the history of chemistry. 

The temptation to point out the many individual interesting 
items is strong. However, the reader is advised to discover what 
a delight it is to learn more about those topics which appeal to him. 
In addition to the foreword which describes the Smith Collection 
and stresses the value of historical studies, there are thirteen 
papers on a variety of subjects. Briefly, they are as follows: 
Fredrick Accum, C. A. Browne as a historian of chemistry, The 
French School of Chemistry around 1840, Mendeleef and the 
Periodic Law, an alchemical poem from England, Thomas 
Thomson as a pioneer historian of chemistry, potassium chlorate 
in pyrotechny, pharmaceutical history of calomel, the concept of 
substance and element, Scottish Alchemy in the seventeenth 
century, the water controversy, Welzein and the Karlsruhe Con- 
gress, and Dulong. All present new views of old problems or in- 
troduce hitherto undiscovered facts which throw greater clarity 
upon chemical progress. 

At the present time there is a movement to organize courses in 
the universities relating to the history of science. Since science, as . 
well as economics and politics, has played a part in the develop- 
ment of the world, it should be studied seriously in that light. It 
is very timely that this annual series should be inaugurated, for it 
will give stimulus to analysis and writing along those lines which 
will create a better understanding of science in World history. 
The articles arouse interest, promote constructive thinking about 
the connections between the past and present, and suggest further 
considerations of the relationships involved. The subsequent 
volumes of this scholarly series will be awaited with interest. 


VIRGINIA BARTOW 


University or ILLINo1s 
Unpana, ILuINors 


os) THE CHEMISTRY OF THE POLYSACCHARIDES 


Robert J. McIlroy, Lecturer in Chemistry, Canterbury Uni- 
versity College, New Zealand. Longmans, Green & Co., New 
York, 1948. viii + 18pp. 5Sfigs. 14 X 22cm. $2.50. 


As A GENERAL trend, we seem to be growing up from the 
provincialism which was once so prevalent in the carbohydrate 
field. Unfortunately, the above text is not a happy example of 
this maturity of viewpoint. While it provides an exhaustive 
survey of the excellent work performed in some of the leading 
centers of carbohydrate researche in England, there is a definite 
tendency to exclude and disparage equally good and important 
American and Continental European work. Of the references 
cited in the first five chapters (7. e., the polysaccaride section) 57 
per cent are in British journals, 27 per cent in American journals, 
14 per cent German, and 2 per cent miscellaneous. 
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The material on starch and cellulose makes little or no mention 
of Staudinger, Hess, Pringsheim, or Myrback, with only casual 
and inadequate reference to Freudenberg, Samec, and K. H. 
Meyer. The concept and enzymatic evidence of branching link- 
ages in starch are presented in considerable detail but are credited 
entirely to Haworth and his coworkers. The impression is gained 
that this chapter was written primarily to present a one-sided 
re-hash of that old and. unfortunate controversy over laminated 
vs. ramified structure. Indeed, that subject is not too well 
clarified, since it is difficult to decide whether the author con- 
ceives the point of branching as due to aggregation through hydro- 
gen bonding or polymerization through a 1,6 glucosidic bond. In 
the body of the text no mention is made of such subjects as the 
waxy starches or newer methods of fractionation. In citing con- 
temporary authors there is a carelessness which is not merely 
typographical (e. g., Hibbert for Hilbert,) Jeanlox for Jeanloz). 
The “loop theory” of cellulose is revived and discussed at length, 
to the exclusion of more generally accepted concepts. The most 
recent reference to X-ray evidence is a 1930 citation. Cellulose 
derivatives and the more recent work on oxycellulose receive no 
mention. 

Two short chapters are devoted to other polysaccharides and 
the polyuronides. Admittedly, this is difficult material to or- 
ganize and present in adequate fashion. Nevertheless, such sub- 
stances as lichenin, glycogen, inulin, chitin, the dextrans and 
levans deserve more than a scant paragraph or two apiece. 
Discussions of agar, hemicellulose, pectin, and gum arabic are 
somewhat more adequate. There is again a tendency to omit im- 
portant investigators in specific fields (e. g., Hibbert, Hehre, 
Levene, Goebel). 

The second part of the book is concerned primarily with 
methods, surveying various standard techniques for derivatiza- 
tion, identification, and analysis of sugars. It might have been 
better to omit this material entirely, devoting the space to a more 
adequate treatment of the polysaccharides. 


Seemingly, the book was written some five or six years ago, then 
brought up to date by the addition of isolated references and an 


appendix. Excellent surveys on virtually all phases of poly- 
saccharide chemistry have been published within the past three 
years by various competent authorities. The present book 
cannot compete, and there is little reason to recommend it either 
to the specialist or to the novice in the polysaccharide field. 


THOMAS JOHN SCHOCH 


La GRANGE 
ILLINOIS 


e FLUORESCENT AND OTHER GASEOUS DISCHARGE 
LAMPS 


William E. Forsythe, Physicist, and Elliot QO. Adams, Physical 
Chemist, General Electric Company. Murray Hill Books, Inc., 
232 Madison Ave., New York, 1948. xi + 292 pp. 152 figs. 
59 tables. 15.5 X 23.5cm. $5. 


Although fluorescent lamps were introduced to the public 
about ten years ago, it is safe to say that comparatively few 
people outside the lamp industry have more than a passing 
acquaintance with the constructional and operational character- 
istics of these interesting light sources. Because it embodies the 
results of investigations in so many important fields, an effort on 
the part of the chemist to become more familiar with this lighting 
device is well warth while. ‘‘Fluoroescent and Other Gaseous 
Discharge Lamps” offers a good survey of the development and 
present status of the fluorescent lamp. 

A general, elementary discussion of light and radiation, and of 
the discharge of electricity through gases and vapors constitutes 
the first two chapters of Forsythe and Adams’ book. Following 
this, the basis of fluorescent light sources is presented by con- 
sideration of the luminescence of gases and vapors and of the 
general principles of the photoluminescence of solids. The fluores- 
cent lamp itself is then described in considerable detail in the 
succeeding six chapters, including discussions of the engineering 
requirements that determine the practical shapes, sizes, and 
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operating voltages; the preparation and characteristics of 
specific phosphors used in commercial lamps; the function and 
design of the auxiliary equipment, ballasts, and starters; and the 
performance of the lamp with respect to efficiency, color, spectral 
energy distribution, lumen maintenance, flicker and ambient 
temperature. Brief mention is also made of ultraviolet-emitting 
fluorescent lamps, including the germicidal lamp, the “black- 
light”’ lamp, and an experimental fluorescent sun lamp. 

The book also includes a short chapter on arc sources, with 
descriptions of the characteristics of the carbon, mercury, sodium, 
zirconium oxide, cadmium, zinc, and tellurium, vapor arc lamps; 
and a chapter on light sources of short duration, dealing with 
photoflash lamps and flash tubes for high-speed photography and 
stroboscopic work. ‘ 

There are two chapters in the book which have no real bearing — 
on the subject announced in the book’s title. The first of these, 
entitled ‘“Delayed Phosphorescence,” deals for the most part with 
the infrared-stimulable phosphors developed under NDRC 
auspices during the war, and with various devices such as the 
infrared telescope, sniperscope, and icaroscope. The second is 
headed ‘Fluorescence and Television,” and makes mention, 
among other things, of cascade screens for radar application, 
“scotophors,” and the X-ray excitation of phosphors. These two 
chapters contribute little or nothing to the reader’s understanding 
of fluorescent and other gaseous discharge lamps, and there is 
hardly any justification for their inclusion. It would have been 
much more to the point, in the reviewer’s opinion, if the thirty- 
four pages devoted to these chapters had been used instead for a 
more extensive treatment of some of the features of fluorescent 
lamps that are dealt with too briefly. The most important of 
these are the questions of cathode design and cathode coating, 
which deserve much more attention then is given to them. 

The book is written in an informal, conversational style, which 
however, is characterized by a certain amount of repetitiousness, 
particularly in the discussions of luminescent materials. There is 
a liberal use of graphs and tables illustrating the properties and 
performance of a wide variety of phosphors and lamps under 
various operating conditions, and many references to the original 
literature are given. 


JAMES H. SCHULMAN 
NAvAL ReseARCH LABORATORY 
Wasurneaton, D. C. 


@ CENTRIFUGAL AND AXIAL FLOW PUMPS 


A. J. Stepanoff, Ingersoll-Rand Company, Phillipsburg, N. J., 
John Wiley and Sons, Inc., New York, 1948. x + 428pp. 310 
figs. 15 X 23cm. $7.50. 


THIS BOOK gives a practical presentation of the theory, design 
and application of centrifugal, mixed flow, and axial flow pumps. 
The scope of the treatment can be visualized from the chapter 
headings: Selected Topics from Hydraulics; Definitions and 
Terminology; Theory of the Centrifugal Pump Impeller; 
Vortex Theory of Euler’s Head; Specific Speed and Design Con- 
stants; Design of Mixed Flow Impellers for Centrifugal Pumps; 
Pump Casing; Axial Flow Pumps; Hydraulic Performance of 
Centrifugal Pumps; Leakage, Disk Friction, and Mechanical 
Losses; Axial Thrust; Cavitation in Centrifugal Pumps; Special 
Operating Conditions of Centrifugal Pumps; Special Problems of 
Pump Design and Application; Shaft Design for Critical Speeds; 
Special Problems and Applications of Vertical Turbine and Axial 
Flow Pumps; Special Problems and Applications of Centrifugal 
Pumps; Centrifugal-Jet Pump Water Systems. 

The material is very well presented and profusely illustrated 
with useful diagrams; many examples are given of modern pump 
designs and installations. The book should be valuable for all 
teachers of hydraulics and flow of fluids. 


ARTHUR A. VERNON 
NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 
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We covtp think of nothing more appropriate for the 
editorial page this month than the following, which is 
reproduced by permission from the September 4 issue of 
The Chemical Age, where it appeared under the head- 
ing: “Perverting the Truth.” 


very chemist will remember that in his earlier attempts at 
qualitative analysis he was faced at times with conflicting evi- 
dence. He was also generally faced with the necessity to com- 
plete his analysis within the time prescribed by the school authori- 
ties. The combination of inexperience, panic and the desire to 
show results resulted in a concfusion being reached that was in 
accordance with what the student fondly believed to be the theory 
of probability. The deduction was made, all too often on in- 
sufficient grounds, that a specific compound was contained in the 
mixture in overwhelming proportion. Some 60 per cent of the 
observations agreed with that; the rest did not, but that was 
unfortunate. Those observations, he concluded, must have been 
faulty. Or at times he may have endeavoured to determine the 
proportion of an element present in a given substance. The 
inexperience of youthful manipulation is likely as not gave four 
distinct proportions in as many attempts. It then became neces- 
sary to select one of them—and, not infrequently, to ‘‘cook’’ the 
others to give the selection some verisimilitude when the master 
asked to see the books. Tell it not in Gath, but these habits 
have been known on occasion to persist beyond school-days. 
We recollect that a Reader in Chemistry in our University was 
accustomed to deal with feminine students who failed to secure 
the proper result by saying with his most pleasant smile: ‘Really, 
Miss X, that is a wonderful result; how did you manage to get it? 
Was it your woman’s intuition?’ Too often, it was. 

Yet in after-years we learned how some of the greatest dis- 
coveries have been made because a chemist or a physicist has 
refused to accept varying or anomalous results as ‘errors’ and has 
painstakingly investigated all possible reasons before accepting 
the discrepancy. The study of science is a study of truth, and 
often truth takes a deal of discovering. The gravest and most 
responsible scientists have been led astray over and over again in 
the world’s history by accepting an apparently sound hypothesis 
that later work has shown to be fallacious. Such an hypothesis 
has fitted most of the known facts, but mature experience sug- 
gests that unless an hypothesis fits all the known facts it is danger- 
ous to accept it. The importance of preserving an attitude of 
independent scepticism is well understood by scientific men. 
This attitude often makes them unpopular with their business 
colleagues, and with political powers. “Why,” it is asked, 
“cannot the fellow make up his mind and tell us what to do? 

‘ 





We have to assess the facts on a theory of probability and take 
decisions accordingly”—in plain English, to guess and to back 
our guess. The scientist, on the other hand, must make reserva- 
tions, if he feels that such reservations exist, and can state the 
truth only as he believes it to be at that time, making it clear 
that he must be allowed to change his opinion. ‘Don’t ask me 
what I thought a year ago on this or that,” said John Hunter, 
“ask me what I think today.”” And what he thought today might 
be quite different from what he would think a year hence when 
more facts had been accumulated. 

This independent but flexible attitude of mind is the heritage 
of every scientist worthy of the name. Either he must retain it 
or he must cease to be a scientist. A Cabinet Minister resigns 
when he can no longer travel the same road as his colleagues; a 
scientific man—whether working in a university or in industry— 
should leave his work for some other occupation if he finds himself 
unable to pursue truth. There is a grave danger in the world 
today that truth may be distorted for political or other ends. 
The World Congress of Intellectuals seems to have proved that a 
proprotion of the intellectual world is not concerned with truth 
so much as with putting forward specific policies or ideas. Mr. 
A. J. P. Taylor, of Magdalen College, Oxford, did well to insist 
that common standards were found to be lacking in those assem- 
bled. He stood, he said, for the unity of mankind, but if that 
could not be achieved, then he was for the common European tradi- 
tion of intellectual liberty, more than one way of being right, 
freedom of mind, and the artist’s freedom of creation. 

That this cleavage of opinion seems to occur in the more ad- 
vanced scientific and intellectual circles makes it the more sig- 
nificant. Where is it leading us? In the same column of The 
Times that recorded the foregoing events of the Congress at 
Wroclaw, was a news agency paragraph summarising a Moscow 
broadcast. The Russian Academy of Science, it said, has writ- 
ten to Mr. Stalin admitting ‘‘mistakes”’ made by Soviet biologists, 
and promising for the future not to fall into such errors but to 
“coordinate their scientific work with the interests of the country 
for the development of Communism.” This letter, we are told, 
acknowledged that Mr. Stalin should have all the credit for the 
achievements of the Academy and ended: ‘‘We promise you, dear 
Comrade Stalin, to correct our mistakes and to fight all reac- 
tionary theories. We shall take the necessary measures in order 
to ensure the unhampered development of a progressive Socialist 
theory of biology, in order to help the development of the great 
aims of our nation and the building up of Communism.” It 
took a world-wide war to discredit the German biological theories 
of the “master race.” The danger of scientists forsaking the 
paths of truth cannot be over-emphasised, particularly when, as 
in Russia and earlier Germany, they do so support an ideology 
peculiar to a political theory. 











Symposium on the Beginning Course in Quantitative Analysis 





. INTRODUCTION 


Av vue PRESENT time there is widespread discussion 
both in industry and in academic circles regarding the 
teaching of chemistry. The teaching of analytical 
chemistry is coming in for its fair share of criticism and 
comment, both complimentary and derogatory. The 
tremendous enlargement of the horizons of analytical 
chemistry during the past several decades is seen, for 
example, in the growth of microscale techniques, radiant 
energy absorption spectrometry, and the use of more 
and more apparatus of a complicated mechanical and 
electrical as well as optical nature. 

One of the courses in analytical chemistry which has 
recently come in for a great deal of searching attention 
is the first course in quantitative analysis. The impor- 
tance of this course is stressed by the fact that it is 
taken by almost all students whose fields of study bor- 
der on chemistry. In a large number of institutions 
the first course in quantitative analysis consists of only 
one semester of work and it is the only analytical course 
taken by those who are not majors in chemistry. For 
example, chemical engineers in most institutions now 
take only one semester of quantitative analysis. This 
is in contrast to former practice when the chemical en- 
gineers used to take from two to four semesters. This 
was at a time when a chemical engineer could expect to 
do, when in industry, a fair amount of analytical chem- 
istry himself. At the present time the average chemical 
engineer may do little or no analytical work once he is 
in industry. However, for the duration of his profess- 
ional career he will almost always be concerned with 
the need for requesting and interpreting analytical data. 
In the case of the chemical engineer, at least, the ques- 
tion is what type of material could be given him tofithim 
for the latter task. 

The one-semester course in quantitative analysis 
given to. nonmajors in chemistry is usually equally 
divided between gravimetric and titrimetric work with, 
occasionally, an experiment in photometric measure- 
ment or pH determination. A number of questions 
are now being raised regarding the contents of this 
course. Should the standard laboratory work as just 
mentioned be continued, or should more of the newer 
so-called instrumental techniques be included?: If so, 
how much theory and how much practice concerning 
these techniques should or could be included? Further- 





1 Presented before the Division of Chemical Education at the 
113th meeting of ‘the American Chemical Society in Chicago, 
April 19-23, 1948. 


PHILIP J. ELVING 
Purdue University, Lafayette, Indiana 


more, what types of apparatus should be used? Should 
one attempt to give the student a sampling of the whole 
variety of instruments that cover the electromagnetic 
spectrum from the viewpoint of radiant energy absorp- 
tion or emission? Or a sampling of the various types of 
electrometric apparatus? 

In general, should the emphasis in the course in 
quantitative analysis be on laboratory practice or on 
the basic principles of analytical chemistry? How 
much material should be included on the analysis of 
organic substances? Up to the present, most of the 
exercises in the beginning course in quantitative analy- 
sis have been on inorganic samples, usually of a metal- 
lurgical nature, such as ores or rocks. The obvious 
reason is that such samples are stable and can be con- 
veniently handled. 

Should the first course in quantitative analysis in- 
clude an introduction to statistical methods? How 
much stress should be placed on a student’s ability to do 
analytical calculations and solve problems? There are 
many who believe that the ability to solve problems 
indicates a fundamental understanding of the nature of 
the chemistry involved, as far as regards the analysis 
per se, and that the ability to do analytical calculations 
is basic to any attempt to interpret analytical data. 

In discussing the revision of the contents of the 
course in quantitative analysis it is in order to consider 
the economic factors involved in any major change in 
topics covered in the laboratory. The cost of many of 
the modern analytical instruments and gadgets is high; 
in fact, according to many teachers, prohibitively so 
for the average academic institution. Another factor 
that should be considered in any discussion of change 
in the topics covered is whether the background of the 
students in other technical subjects permits the elabora- 
tion or extension of the material now covered in the 
course. At the present time, the course in quantitative 
analysis is taken by students in either the first or second 
semester of their sophomore year. In many cases, 
physics is postponed for the students until their sopho- 
more year, which means that they will have had one 
semester or less of physics when they begin the quanti- 
tative analysis course. This may have some influence 
on the amount of material on instrumental methods or 
methods involving applications of physical chemistry 
which can be absorbed. 

Fundamentally, what should the beginning course in 
quantitative analysis include in order to best train for 
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their future technical work such groups of students as 
chemical engineers, home economics majors of diverse 
interests, premedical students, and prospective research 
chemists? 

In the following symposium we shall try to answer 
some of these questions, or, if not to answer them, at 
least to discuss them and to indicate possible solutions 
to the problem. 

In the first part of the discussion, four authors will 
discuss what in their judgment should be covered in the 
course in quantitative analysis for training students in 
their four respective fields of endeavor. They include 
a chemical engineer in a supervisory position, a repre- 
sentative of a medical school, a supervisor of a field in 
which home economics majors are employed, and an 
industrial research director. 
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This part will be concluded by a discussion of the 
problems involved in teaching large groups of students 
quantitative analysis. The tremendous increase in en- 
rollment in academic institutions has caused many 
problems, not the least of which are the problems in- 
volved in the teaching of large laboratory classes. 

The second part of the discussion will be devoted to a 
consideration of the content and teaching of the begin- 
ning course in quantitative analysis by teachers of 
quantitative analysis representing various types of in- 
stitutions, such as large technical schools, small liberal 
arts colleges, and large state and private universities. 
Each teacher will discuss the problem as it is being 
dealt with in his type of institution. These latter in- 
clude the authors of some of the most popular textbooks 
on quantitative analysis used in this country. 


THE INTRODUCTORY COURSE IN 
QUANTITATIVE ANALYSIS 


Tue views in this discussion apply to a liberal arts 
college of limited enrollment. 

Fundamentally, quantitative analysis is concerned 
with the estimation of the relative amounts of any sub- 
stances that are present in a given compound or a mix- 
ture. The task of the modern analyst may include the 
estimation of the composition of mixtures of isomeric 
compounds or of isotopes as well as the more conven- 
tional analytical determinations. In order to meet the 
changing requirements of the future it is necessary to 
lay as broad and as fundamental a foundation as pos- 
sible in the way of essential courses in chemistry, phys- 
ics, mathematics, other sciences, languages, etc. In 
the first year of quantitative work very few of the stu- 
dents will have any idea of becoming analytical chem- 
ists and the majority will make little actual use of their 
analytical training in their subsequent work. For our 
needs it is important that the course be aimed at the 
teaching of certain fundamentals of chemistry that are 
best taught in connection with this course, and with 
adequate foundation in sound analytical techniques. 

An important question is the extent to which the 
student can be informed by discussions and experi- 
ments as to the increasing diversity of the applications 
of physical measurements other than those of mass 
(or weight) and volume to gain quantitative informa- 
tion. This question is related to the level of the pre- 
vious training of the student and the nature of the 
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faculty personnel, and also the space and equipment 
that can be made available. Although there has been 
much discussion and some publication! as to the sub- 
stitution of physical methods for much of the conven- 
tional volumetric and gravimetric work at present in 
our institution and in many others, it is felt wise to re- 
serve systematic training in these fields for either ad- 
vanced undergraduate courses or graduate courses, or 
for one that may be taken both by undergraduate and 
graduate students. 

Due to administrative policy in our institution, and 
doubtless in many others, it is not possible to offer 
separate courses for chemical engiheers, premedical 
students, or for other special groups. Since the chemi- 
cal engineers and many of the premedical students have 
only one semester of quantitative analysis here, the 
first semester must contain as much material as is 
judged to be of sound nature for these groups as well as 
for the chemistry majors. Only two classroom hours 
and two three-hour laboratory periods per week are 
available to us. 

The objective of our first course remains a sound 
training in the theory and practice of simple volu- 
metric and gravimetric determinations, together with 
discussions of sampling, accuracy and precision, sources 
of error, calibration of equipment, and the like. Ex- 


1 Cuoppin, A. R., A. L. Le Rosen, and P. W. West, Anal. 
Chemistry, 19, 640 (1947). 
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perimental calibrations are kept at a minimum of flask 
and pipet. The volumetric work includes representa- 
tive determinations with standard acid and alkali, to- 
gether with representative permanganate determina- 
tions. At present we are having each pair of men 
make three representative acid-alkali titrations with 
the aid of a line-operated Macbeth glass electrode pH 
meter. Such work appears to aid in understanding the 
theory of acid-alkali titrations, buffers, etc. This work 
takes one three-hour period and is done with the aid of 
solutions that the students have standardized. We 
contemplate the inclusion of one or two conductance 
titrations with aid of a line-operated conductance set. 

On the gravimetric side the present determinations 
are those of Chloride, iron, and sulfate. A list of op- 
tional determinations is suggested from the fields of 
volumetric and gravimetric work, and a fair number of 
such determinations are completed each semester. 

The theory of acid-alkali titrations, buffers, and in- 
dicators is gone into rather heavily in view of the fact 
that the majority of the chemical engineers and pre- 
medical students will have immediate use for this in- 
formation. The electrochemical theory of oxidation- 
reduction titrations is briefly outlined here and it is 
treated more extensively in the second semester. The 
usual drill in problems of varied nature is given. 

Attention is called to the fact that modern statistical 
methods are available for handling analytical data. 
Unknowns are graded both on the basis of the accuracy 
and the precision of the results. The laboratory work is 
40 to 50 per cent of the basis for grading the work of the 
semester. 

In the second semester the students are chiefly 
chemistry majors and the discussions and the experi- 
ments are aimed at giving a good representative selec- 
tion of experiments. 

The subjects covered are: 

1. Electroanalysis, Theory and Technique. The dis- 
cussions include the general theory and _ possibilities, 
mercury cathode analysis, internal electrolysis, and a 
brief introduction to polarography. Favored un- 
knowns are copper-nickel alloys or mixtures, with the 
option of the partial or complete analysis of brasses or 
bronzes. Nickel alloys are attractive since the nickel 
may be determined either electrolytically or by the 
dimethyl] glyoxime method. 

2. Volumetric Precipitation. Mohr’s method, Vol- 
hard’s method, and the use of adsorption indicators. 

3. Lodimetry and Iodometry. Detailed consideration 
of the electrochemistry of oxidation-reduction proces- 
Unknowns: Copper, hydrogen peroxide, anti- 
mony salts, bleaching powder. 

4. The Principles of Separation. 

(a) Precipitation. Calcium-magnesium separation 
on synthetic mixtures or natural products. 
(Electolytic precipitation considered under 
(1)). 

(b) Organic Reagents. A brief introduction to their 
use. Precipitation and extraction. Dimethyl 
glyoxime for nickel or cupferron for iron, etc. 


ses. 
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(c) Evolution and Absorption. Determination of 
carbon dioxide in a mineral. 

(d) Chromatographic Adsorption. Brief considera- 

tion. Optional experiments offered. 

5. Principles of Colorimetry and Spectrophotometry. 
Experiments on Mn, Fe, Ni, etc., using Nessler tubes. 
Duboscq colorimeter, and a simple photoelectric filter 
photometer. 

6. Choice of an Experrment. Those in the text not 
covered in the previously assigned work are used. 

Examples: Determinations of: P.O; in a mineral; 
SiO, in an “insoluble” silicate; Sn in bronze; the use of 
ceric sulfate in determining of Fe, Sb, Fe(CN)s~‘, ete. 

It is always possible to work in brief discussions of the 
nature and scope of certain modern methods for which 
industrial instrumentation has reached a very advanced 
stage. For example, emission spectroscopy can be out- 
lined briefly in connection with the discussion of spec- 
trophotometry and a brief idea of the efficiency of 
modern spectrographic techniques can be given. 

For some years serious consideration has been given 
here as to the introduction of more varieties of physical 
measurements into the first year’s quantitative work. 
Prof. H. S. Taylor has raised with the writer the ques- 
tion whether sufficient training in conventional gravi- 
metric and volumetric techniques might not be given in 
less than one semester, followed by the introduction of a 
variety of physico-chemical methods. At least one 
course along such lines has been announced elsewhere.' 
At present the writer feels that at least an introduction 
to the electrical and optical fields of measurement 
should be included. The chief deterrents to the more 
complete swing in this direction are: the lack of train- 
ing of the students in the physical, mathematical, and 
chemical principles that might best precede such work; 
the expensive nature of the necessary equipment and 
the task of keeping it always effective; the limitations 
of space and teaching personnel. There is no time for 
adequate theoretical and practical discussions. 

The actual use, or the abuse, of a modern well-de- 
signed physical instrument is easy. The points where 
great intelligence and skill are necessary are in the de- 
cision as to what is worth measuring with the instru- 
ment and why, and what kinds of prior manipulations 
and accessory determinations are desirable. 

One who is to become and remain a good analytical 
chemist must have been born with, or must develop, an 
abiding interest in the fundamentals of the problem of 
estimating the composition of matter. It is all-impor- 
tant to study fundamental subjects in both undergradu- 
ate and graduate days. Our past system of graduate 
and undergraduate training has produced a fair number 
of teachers of analysis and directors of analytical re- 
search in industry. Whether these men have forged 
ahead because of or in spite of our training is a fair 
question. I believe that the strength of these and other 


‘active leaders in the field of analysis probably lies in the 


rather broad base of their training, together with their 
innate ability to adapt ideas from divergent fields to the 
problem at hand 
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ADMINISTRATIVE AND TEACHING PROBLEMS OF 
LARGE CLASSES IN QUANTITATIVE ANALYSIS 


Tue First course in quantitative analysis holds a 
prominent place in the scientific development of the 
college student because it is usually his first real contact 
with exact scientific method. His reaction to the course, 
to its organization, administration, as well as to its 
teaching, may therefore influence his future attitude 
toward chemistry. 

In 1896 when Professor Charles W. Foulk began his 
long career of teaching analytical chemistry at The Ohio 
State University there were about a dozen students in 
the class. By 1910 the class had increased to 75; in 
1920 it was 125. About 1930 it suddenly doubled when 
quantitative analysis was made a required subject for 
premedical students, and in 1939, when Professor Foulk 
retired after 42 years of teaching, it had reached what 
seemed at that time a cumbersome total of 400 students. 

Many of the administrative and teaching devices now 
in use in the course were developed by Professor Foulk 
and much credit should go to him for originality. 
Numerous graduate students who later became teachers 
of analytical chemistry have become familiar with these 
methods and have applied them in many colleges and 
universities of the country. Professor Foulk’s influence 
in this respect has been far-reaching. 

The confusion inherent in large numbers tends to pre- 
vent the attention to the individual which characterizes 
the teaching in small colleges. It has therefore been a 
guiding principle in the solution of our problems due to 
large numbers of students, to provide as much attention 
to the individual student by senior staff instructors as is 
consistent with reasonable demands on the time and 
energy of the teaching staff. We hold to the opinion 
that a large part of the teaching in quantitative analysis 
must be done by the senior instructors consulting directly 
with the student. We further encourage attention to 
the individual by keeping lecture sections small, by 
having a senior staff instructor available to the student 
whenever he is in the laboratory, and by maintaining a 
detailed and well-defined grading system. The student 
is encouraged if he feels that he is part of a well- 
organized and well-conducted course; that his professor 
knows exactly how he is progressing and is aware of and 
helps him with his difficulties and there is no guess- 
work in the grade he receives. After the necessary 
mass production techniques of freshman chemistry, the 
student is pleasantly surprised to realize that he is once 
more an individual and no longer just a point on a 
distribution curve. Organization and definition of staff 
duties can solve most of the problems of large numbers 
in quantitative analysis. 


WILLIAM MARSHALL MacNEVIN 
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SIZE AND COMPOSITION OF CLASSES 


The class in quantitative analysis has continued to 
increase since the retirement of Professor Foulk. Table 
1 shows the enrollment at The Ohio State University 
in the years 1937 to 1948. The peak has not yet been 
reached. Table 2 shows the distribution of students 
among the various groups in the autumn quarter of 
1947. The hours given to lecture and laboratory by 
each group are also included. 

Defined Conditions. Several conditions and practices 
exist in our University which define for us the limits 
within which we must do our teaching and are here dis- 
cussed. 





TABLE 1 


Enrollment in Quantitative Analysis, 
The Ohio State University, 1937-1947 


Enrollment* 





Year 


1937-38 434 
1938-39 - 435 
1939-40 402 
1940-41 378 
1941-42 540 
1942-43 371 
1943-44 196 
1944-45 197 
1945-46 443 
1946-47 884 

1947-48 (980) est. 


* Number of students who started the sequence in a calendar 
year. 
+ Includes estimated figure for spring and summer of 1948. 











TABLE 2 ; 
Distribution of Enrollment in Autumn Quarter, 1947 


Lectures % 


per 
Week Lab. Hrs. Quarter 
Class Group (30 Wk.) per Week Credits 


Chem. Major 9 79 
Chem. Eng. 9 180 
Cer. Eng. 32 
Premedics 

Pharmacists 

Med. Techs. 

Mise. 


TOTAL 





Enroll- 
ment 








1. The Quarter System. The college year consists of 
three approximately ten-week periods or quarters. The 
summer session is similar in length and is in effect a 
fourth quarter. Certain advantages result from this 
system. A student may start his quantitative analysis 
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in any quarter of the year. He may also drop out for a 
quarter without incurring a long delay before reentering 
the course. One consequence of the fact that the se- 
quence in quantitative analysis starts every quarter is 
that excessive enrollments in the autumn quarter are 
avoided and the enrollment is in general leveled over the 
year. The facilities of the course are thereby used more 
efficiently. We could not in fact provide enough equip- 
ment to carry our 800 students if they were all working 
at the same thing at the same time. 

In the quarter system summer work is the equivalent 
of that in any other quarter and need not be re- 
evaluated. The quarter system also permits staffing 
the summer session by releasing a suitable number of 
lecturers from duty in one of the regular quarters. A 
continuity of program and administration is thus easily 
maintained. 

The quarter system also has disadvantages. A full 
year’s work in quantitative analysis must be organized 
three times. Three sets of final examinations must be 
given. The effective teaching time of each quarter is 
reduced to about eight weeks by the formalities of 
starting and stopping. Lockers must be assigned and 
checked out three times and laboratory accounts opened 
and closed three times during the year. The loss of time 
in this repetition is large. 

A second disadvantage of the quarter system is that 
there is usually no relation between the schedules of a 
student from one quarter to the next. He is likely to be 


assigned to a different lecture section and may therefore 


have a different lecturer. The problem arising from 
this lack of continuity is met by having all lecturers in 
the same class cover the same material in a given quar- 
ter. A list of weekly lecture assignments is prepared 
and given to each student, and each lecturer follows 
this plan so that by the end of the quarter all sections 
will have covered the same ground. All lecturers take 
part in the preparation and editing of these assignments, 
but the individual treatment that an instructor gives 
each subject is left entirely to him. 

Under the quarter plan the students of any one 
section may have laboratory schedules covering every 
half day of the week. It is impossible for a professor to 
see all of the students of his lecture class in the labora- 
tory unless he goes through the laboratory each of the 
eleven half days of the week. The disadvantage of this 
situation is partly remedied by a system of laboratory 
supervision in which one of our professors is always on 
duty at the laboratory and the student is sure to see a 
professor each time he comes to the laboratory. Such 
a plan obviously requires uniformity in teaching 
among the various professors of the division. 

2. Limited Lecture Periods. The lecture time al- 
lowed us in all service courses is fifty minutes per week. 
This allotment is made by the Medical School, the 
Engineering College, the Pharmacy College, and the 
College of Education. This lecture is the only formal 
meeting of the class each week. All lectures, demon- 
strations, weekly and mid-term examinations must be 
given in this one period. Such a limited time allowance 
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naturally calls for a high degree of efficiency in the 
presentation of the material. The lectures must be 
carefully planned. Interruptions and spontaneous dis- 
cussions must be limited. Only the principal points are 
discussed in lecture. Reading assignments are given to 
fill in the gaps and the basic techniques are demon- 
strated. 

The lack of opportunity for discussion, especially of 
experimental work, is partly compensated by a system 
of laboratory quizzes given individually to students in 
the laboratory. This will be described later. 

The chemistry majors have two lectures per week for 
three quarters. It is felt by all connected with this 
course that the one hour of lecture per week in the serv- 
ice courses is not sufficient for the teaching of a modern 
course in quantitative analysis. The time limit is 
established for us, however, by: the administrative 
boards of the colleges for whom we give the service 
courses and we can do little to change it. 

3. Limited Laboratory Periods. Few students have 
more than three hours of continuous laboratory time. 
They cannot therefore perform long experiments—at 
least, those which have long individual operations. 
There has been a trend in late years toward leaving out 
the classical limestone analysis from our program. 
Short modifications of several of the longer experiments 
have been used. 

4. Storeroom and Supplies. We have. an excellent 
system of supply run by the University. It maintains 
31 supply store outlets and there is always one near a 
laboratory. The activities of the Supply Stores are 
limited however. The teaching staff must check in and 
check out student lockers. All side-shelf reagents and 
supplies must be maintained by one of our quantitative 
staff. We employ a full-time technical assistant and 
several part-time assistants for this and related activi- 
ties. The University regards the lockers, desks, balance 
benches, balances, ovens, etc., as part of the equipment 
of the room. Janitorial service is limited to cleaning the 
permanent parts of the structure such as windows, 
floors, and walls. We are required to clean the labora- 
tory desks, lockers, balance benches, hoods, etc. Our 
technical assistant and his assistants take care of this 
problem for us. Balances are cleaned by the teaching 
assistants. Each teaching assistant is responsible for 
the continuous care of three or four balances. 

5. Laboratory Space. It became evident in 1936 
that the main quantitative laboratory (capacity 320) 
would no longer hold the expanding classes and the 
following alternatives were considered: ; 

(a) Sharing the locker equipment by two students 
is done in freshman chemistry but is impractical in 
quantitative analysis. 

(b) By conversion of quantitative to a semimicro 
scale, less space would be needed for storage. There- 
fore, more lockers could be placed under a work space. 
Less work space would be needed by the student. 
Since no one really knew at that time how well 
semimicro quantitative methods would work in 
student hands, we did not attempt it. Since that 
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time, we have studied the idea extensively and think 
it may deserve some consideration. 

(c) By establishing storage lockers in hallways near 
the laboratory, the student can carry his tray of needed 
equipment to an assigned work space in the labora- 
tory. In order to add significantly to our capacity by 
this scheme, it was necessary to acquire more work 
space and time, and hence some evening classes were 
tried. These were not satisfactory for the stu- 
dent and were definitely unsatisfactory for our teach- 
ing staff. 

(d) During the period from 1938 on, the Freshman 
Division of the Department of Chemistry was gradu- 
ally adapting itself to semimicro methods. Special 
laboratory desks were designed by Professor Garrett 
and his staff for the specific use of semimicro methods. 
This resulted in a decrease in the space and time re- 
quirements per student. The decrease was so great 
that, although the enrollment in freshman chemistry 
jumped to 4500 after the war, the total space and 
time requirements were even less than they had been 
for 2300 students, the prewar top enrollment. Space 
was therefore available from this source to con- 
tinue our standard practice in the expansion in quanti- 
tative analysis. We have acquired two former fresh- 
man laboratories in this way and may have another 
if it is needed for further expansion. Both acquired 
laboratories are in scattered locations which adds 
materially to problems of the supply of special 
reagents and equipment and of supervision. For 
example, a break down of service costs indicates that 
about one-third of the service cost is for travel and 
transportation of chemicals between laboratories. 
These conditions define for us some of the more gen- 

eral problems we must meet. Many of them are annoy- 
ing, but they are of long standing and efforts to change 
them are usually fruitless. It is easier to accept the 
condition and adapt oneself to it. 


ASSIGNMENT OF LABORATORY LOCKERS 


The quantitative laboratories at The Ohio State 
University contain at present 800 individual lockers. 
They are arranged in groups of four lockers to a work 
space, so that 200 work spaces are available. This is the 
capacity of the laboratories at any one time. The work 
space is the desk top space covering the four lockers and 
is the space available to each student during his assigned 


laboratory periods. Obviously no two of the students 
assigned to lockers in one work space can work at the 
same time. Extra work is permitted, but the extra 
student must find a vacant work space elsewhere in the 
laboratory. ; 
Assignment of lockers is made on the first day of the 
quarter. The student fills out a card with his time 
schedule and presents it to one of four instructors, who 
assigns the student a locker space with due regard for 
his schedule. Fee cards are also inspected at this time 
and balance assignments are initialed on the fee card. 
Balance assignments are made according to the locker 
assignment. Records of locker assignments are kept on 
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a large diagram of the laboratory by writing the stu- 
dent’s name and schedule into the space indicating his 
locker. This system is satisfactory and rapid. Four 
instructors have assigned up to 500lockers in an approxi- 
mately six-hour period. The assignment process is 
usually completed by the second day of the quarter. 

By efficient assignment of the work spaces we have 
been able in late years to use about 98 per cent of the 
lockers. But under our plan there are some periods in 
the week, two or three, when each work space is idle. 
However, this is not a waste of work space since it is 
common in quantitative analysis for students to require 
some extra time and, of course, extra work would not be 
possible if every work space were assigned for every 
period. 


SPECIAL EQUIPMENT AND OPERATIONS 


Balances and Weights. For the present enrollment of 
800 we use 130 balances and sets of weights. These are 
located in the laboratory on special benches along the 
walls. Six to eight students are assigned to each bal- 
ance. Assignments are so arranged that a student’s 
balance will be located near his work space. Not more 
than two students are assigned to a balance for the same 
period. Of these, one will be a student in gravimetric 
analysis while the other will probably be doing volu- 
metric or instrumental analysis and will require relative- 
ly little use of the balance. Weights are supplied with 
each balance. The students do not calibrate their 
weights. Once a year the weights are adjusted so that 
they are correct as marked within 0.1 mg. Chemistry 
majors and chemical engineers get experience in weight 
calibration, but it is in the third quarter rather than at 
the beginning of the course. 

Balance Instruction. In the autumn quarter of 1947 
we had 475 students starting in quantitative analysis. 
The need for a large amount of instruction in a short 
time in the correct use of the balance is evident. The 
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problem is simplified greatly by leaving out weight cali- 
bration at the beginning of the work. 

Balance instruction is given in the following way. 
First, the student hears a general lecture on the balance 
and its use. He is assigned certain reading about the 
balance and is asked to study the details of a laboratory 
exercise called ‘Balance Instruction.’’ During his next 
laboratory period he joins a group of ten students who 
receive instruction seated at a row of balances. The in- 
structor puts them through the operations of using the 
balance, one operation at a time, and the students keep 
together during the whole process. The individual 
operations performed are: checking the level of the bal- 
ance, examining the controls for beam and pan supports 
and for the rider, determining the equilibrium point, 
determining the sensitivity, examining the weights and 
forceps, weighing a crucible and cover, and recording 
and checking the weights. After this instruction has 
been completed the student is permitted to use the bal- 
ance and proceed with his first determination. Balance 
instruction given in this way requires about one hour for 
each group of students. On the average, a laboratory 
instructor will have not more than two or three such 
groups for balance instruction in any one quarter, so the 
task is not a heavy one. 

Calibration of Volumetric Equipment. Calibration of 
volumetric flasks presents a problem. Obviously it 
would be impractical to have enough large balances for 
the usual calibration method of weighing water. In- 
stead, we use a calibrating pipet as shown in Figure 1. 
Several of these are placed at strategic locations. Each 
is equipped with a supply of distilled water. The cali- 
brating pipet has been marked to deliver exactly 500.0 
ml. at 20°C. When this device is used by the student to 
locate the 500.0 mark on a volumetric flask, the flask 
will have been calibrated to hold 500.0 ml. at 20°C. 
The only provision required is that the temperatures of 
the calibrating pipet and of the volumetric flask be the 
same at the time of the experiment. Since the students 
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are expected to know how to do the usual calculation of 
volume from weight of water, this method of calibrating 
flasks loses none of the value of the usual calibration 
experiment. Indeed it demonstrates an even broader 
application of the principle. 

With new locker assignments each quarter, it is not 
possible for the student to retain the same flask and 
pipet from quarter to quarter. The method of calibrat- 
ing the flask makes it a simple matter for him to mark 
his new flask at the beginning of the next quarter. 
However, the new pipet has to be calibrated each quar- 
ter by the student by weighing the delivered volume of 
water, but this is a relatively short operation. The 
buret is not part of the regular equipment and is not 
stored in the locker. Burets are stored in a rack at the 
side of the laboratory under the locker number of the 
student. They are stored in this way between quarters, 
and therefore the same buret can be reissued to a 
student until he is through with it. 

Notebook. A special notebook designed to fit the 
course is used. It contains special data forms for most 
of the experiments. Extra pages are provided for de- 
scription of experimental procedures, etc. For several 
reasons we use a special notebook of this type rather 
than a blank notebook. The data forms are so designed 


that the student must provide complete data on his éx- | 
Another | 


periments. We hope the habit will persist. 
reason for a printed notebook of this type is that it 


makes it easy for the instructor to find a given experi- | 


ment. Contrast this with the difficulty there would be 


in locating a given experiment in several hundred blank 
notebooks in which the order of experiments would | 


probably never be the same! 


An interesting feature of the notebook is that the data 


pages in it are a duplication of the report forms. Trans- | 
fer of the data to report forms is.relatively simple. The | 
student is encouraged to regard his notebook as the | 
original data. We do not follow the plan of tearing data | 


pages out of the notebook. 

Laboratory Quizzes. Before a student can obtain a 
sample for analysis he is asked to write an outline in his 
notebook of the analysis he proposes to do. This out- 
line includes the steps of the determination, new points 
of technique, and chemical and mathematical equations. 
The student is also expected to prepare himself for an 
oral quiz. Not only will the principles be reviewed but 
the instructor will ask several “why’’ questions about 
the chemistry involved. The student may also take ad- 
vantage of this discussion to ask questions of the 
instructor. If the instructor is satisfied that the student 
is familiar with the determination he will check the note- 
book and issue a sample. If the quiz is unsatisfactory 
the instructor requires the student to prepare himself 
better and take another quiz before the sample is issued. 

Samples. A great asset in teaching large groups of 
quantitative students is a well-established stock of 
analyzed samples. Fortunately, the preparation of such 
a stock has been well developed at The Ohio State 
University. The sample problem is a big one. 
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Figure 3. Sample Code Book 


students. 
from series of stocks. The stocks in turn are prepared 
either from natural ores, commercial materials or, in a 
few instances, by mixing pure chemicals. The stocks 
are carefully mixed, usually brought to moisture equilib- 
rium with the air and are 

carefully analyzed. They 


These are prepared, labeled, and numbered .« 
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we can prepare long series of samples with irregular and 
yet small variations :in. percentage. When we buy 
samples we frequently are able to get only a few vari- 
ations and the appearance of some of these will be such 
as to be recognizable by the student. In a class as large 
as ours there should be at least 35 to 40 variations in a 
sample in order to prevent comparison of results. 
Sample Records. Each student sample has a different 
serial number which is clearly written on the face of the 
label. This number is recorded in a special record by 
the laboratory assistant (see Figure 2) when the sample is 
given out. The assistant also records the date and his 
initials. Once a day these record books are collected 
and the sample numbers transferred to the student’s 
individual record sheet under the date of issue of the 
sample. The student also records the sample number 


in his notebook. The number will eventually appear on 


Locker. 





are stored either in glass ‘st Name (print) 
or metal containers. The 


magnitude of our sample 


© supply problem is indicated 


by the quantities of mate- 


Date of receiving sample 


First Name (initials) 


Laboratory. 
Sample No. 
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DETERMINATION OF WATER IN BARIUM CHLORIDE 


Date of reporting 





stocks. For the preparation 
of a graded series of twenty- 
five fertilizer samples, we 
started with 1000 pounds of 
fertilizer. When brass sam- 
ples were prepared recently, 


Crucible number 


It might be expected that Weight of Sample 


Weight of sample 
There are 

Loss in Weight 
better for us to do it our- 
In the first place, 
Loss in weight 
can afford to have an in- 
structor who has as one of 
is specialties the whole prob- 


Per cent H,O 


Equations: 
BaCl, - xH,O + heat = 
we have someone who is par- 
ticularly interested in this 
subject and the problem of 
preparation of samples is 
turned over to him. A sec- 


Sond reason for preparing our 


own samples is that we like 

to analyze them by our own 

methods. We like to know 
y first-hand observation all 
he varieties of behavior en- —_,.,. sous . 
ountered in a series of sam- 

ples. A third reason is that 


Points 


Weight of empty crucible + cover, Ist heating 
Weight of empty crucible + cover, 2nd heating 
Weight of empty crucible + cover, 3rd heating 


Weight of crucible + cover + sample 


Weight of empty crucible + cover (constant wt.) 


Weight of crucible + cover + sample before heating 


Weight of crucible + cover -+ sample after heating 





PROCEDURE: Heat sample overnight in 275° oven. 


Constant weight of Empty Crucibles 






































Signed 


If it becomes necessary to repeat this determination a new sample must be obtained. 


Figure 4. Report form for Water Determination 
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the student’s report of the analysis These sample num- 
bers are used by the graders to identify the stocks from 
which the samples were prepared. Figure 3 shows a 
page of the Sample Code Book filled out at the time the 
individual sample was prepared from the stock sample. 

Sample Labels. The hand work of labeling 60,000 
samples a year is enormous. We have had prepared 
printed gummed labels for each kind of sample. The 
only handwork required is the writing of the serial num- 
ber on the label and the stock number in the record 
book. 

These labels carry information about drying the 
sample. 
vidual bottles and special labels are used. 





TABLE 3 
Grading Basis in Quantitative Analysis 


A Cc 


B 
1D) xamination average 90 80 70 
Laboratory points—4 or 5 credits 100 90 80 
3 credits 70 60 50 














TABLE 4 


Calculation of Examination Average 





Weekly quiz av. (4 or 5 quizzes) : 2= 
Mid-term 
Final 


Examination Average 





Report Forms. The student’s original observations 
are placed directly in the notebook. Reports of analyses 
are made by the students on special report forms. 
Figure 4 shows the forms for the water determination. 
Two copies of each report are handed in by the student 
for grading. After they are graded, one copy is returned 
to the student and one copy is filed under the student’s 
name. Thus a complete record of the student’s work is 
always easily available. 

Grading. The need for uniform grading is met by a 
well-defined plan. The final grade in the course depends 
upon the accomplishment in several examinations and in 
the laboratory work. The general plan is shown in 
Table 3. Both parts of the work have to be equally 
good in order to justify a given grade. We do not aver- 
age the two except in borderline cases. 

The “Examination Average’ is an average grade 
made up as shown in Table 4. 

The “Laboratory Points’ are arrived at in the follow- 
ing way. Each laboratory exercise is weighed in terms 
of points. For example, the determination-of chlorine 
is worth 15 points if the student gets it right, that is, if 
the reported results are within certain limits. If the 
student’s values are outside the limits for 15 points, 
then fewer points will be given according to the size of 
the error. Figure 5 shows a typical set of values used in 
grading chlorine analyses. It should be emphasized 
that a well-defined grading scheme for laboratory re- 


Standard samples are also given out in indi- - 
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CHLORI 


Stock No. 


Figure 5. Plan For Grading Chlorine Senne on a Point Basis 


ports is an extremely important part of a course in 
quantitative analysis. It has probably more effect on 
the quality of the work accomplished and upon the 
morale of the students than any other single factor. 
Guesswork in grading should not be tolerated. An 
organized grading plan also has the advantage that it 
can be administered by clerical assistance. Only border- 
line cases need be referred to a professor. In our group 
we have two full-time clerks who grade laboratory re- 
ports and keep the records. Figure 6 shows the top half 
of the record of an individual student’s work. It in- 
cludes the quiz grades as well as the laboratory grades. 

Attendance Roll. In a large group it is essential to 
keep a daily record of attendance and a record of what 
the student is doing. Consequently, we have a rollbook 
for each of our three large laboratories which shows 
when the student is supposed to be present. When the 
roll is taken, instead of marking the student present or 




























absent, we record a symbol indicating the experiment f 


each student is doing. This roll is taken by one of the 
senior staff and gives the student a chance to talk in- 
dividually with a professor. It also accomplishes another 
valuable end in bringing the professor directly in 
contact with what is going on in the laboratory. This 
we have found does more for raising the scientific morale 
of the laboratory than any other single activity. During 
the quarter each professor attempts to get well ac- 
quainted with the students in his laboratory section and 
is responsible for estimating the laboratory technique 
grades of those students. Each professor has on the 
average three such laboratory periods in a week in 
which he supervises all of the activities of the labora- 
tory. 





TABLE 5 
Staff Personnel in Quantitative Analysis 


Coordinator 
Technical 
Asst. 


1 full-time 
asst. 

7 part-time 
assts. 





Clerical 
Asst. 


2 full-time 
clerks 


Laboratory 
Instructors 


Lecturers 





1 full professor 10 supervisors 
2 assoc. professors 30 assistants 


3 asst. professors* 


* Two of these positions temporarily filled a by Instructors. 





Staff. An outline of our present staff plan is shown in 
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Table 5. Professors are essentially responsible for teach- 
ing, but have an overall responsibility for each activity 
related to the course. The ratio of number of students 
to a professor, 100:1, seems high. Although we are 
doing a good job of teaching, we could probably do it 
better with a more favorable ratio and so it is our pres- 
ent plan to reduce the ratio to about 65:1 by adding to 
our staff. In the laboratory, the ratio of number of stu- 
dents to an assistant is about 22:1. 

Uniformity in teaching by our staff is essential under 
the conditions which have been described. Each staff 
member must feel that he has a responsibility for carry- 
ing out the general plan which has been agreed upon by 
the staff. Nevertheless, each instructor has full oppor- 
tunity to develop his own ideas and put them to use in 
the group as a whole. For example, .a suggestion may 
be made that a new analysis be added to the course. 
New ideas are first discussed in the weekly staff meeting. 
They are then tried out with a few special students in 
order to determine how the procedure will be inter- 
preted by students. After any corrections and changes 
are made, the new procedure is included in the revision 
of a set of ‘Special Notes’ which are issued once a year. 
The Junior Staff must then be briefed on the new plan. 
In the meantime, new reagents must be provided in the 
several laboratories, new report forms worked out and 
printed, new sample labels printed and a new set of 
stock samples prepared and 
analyzed and then bottled 
and labeled ready for issue 
to the student. 


CONCLUSION 


The administrative duties 
of the coordinator of a 
group such as ours consti- 
tute a full-time job and it is 
easy to spend all of one’s 
time on it. No matter how 
you do it, a lot of time is 
used. The task is greatly 
eased by having an able staff 
and one which will take the 
responsibility for seeing that 
the general plan is carried 
out. Cooperation is essen- 
tial. No one person can 
perform all of the activities. 
Duties and responsibilities 
must be farmed out to in- 
dividual professors and as- 
sistants. The staff should 
know that Professor A is 


Figure 6. 
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responsible for all questions relating to special equip- 
ment; that special questions about samples and labora- 
tory reports should go to Professor B and so on. 

The laboratory supervisory activities of our senior 
staff are an invaluable asset to the course because they 
establish the morale of the course. It would, however, 
be impossible for us to operate our course without the 
services of our technical assistant group. They provide 
the special chemicals and equipment in each laboratory ; 
they prepare and analyze the stock samples and main- 
tain supplies of individual samples in each laboratory. 
This group is also available for any of the numerous 
special chores that are constantly required in the opera- 
tion of the course. Finally, the clerical assistants do 
the routine job of grading laboratory reports and keep- 
ing the records up to date. Only special cases need be 
referred to a professor. The professor need not spen:l 
very much of his time on anything but teaching. 

Thus we see that many of the problems of a large 
class in quantitative analysis can be met by coordination 
of activities, by uniform teaching programs, by standard- 
izing the paper work through the use of printed forms 
and by employing sufficient technical and clerical assist- 
ance. Those who like administration will find it inter- 
esting. Those who don’t like administration will find 
that the more efficiently the job is done, the more time 
there will be for something else. 
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Record of Individual Student’s Work 








ELEMENTARY QUANTITATIVE ANALYSIS IN 
A SMALL LIBERAL ARTS COLLEGE 


Is orver THar the elementary quantitative course 
may be approached in its proper perspective, may I 
first outline our whole analytical program at Allegheny 
College. The sophomore chemistry major normally 
takes a two-semester course in qualitative analysis. 
This intensive course results in many of the weaker 
students changing their field of concentration and 
provides a smaller but more apt group for quantitative 
analysis which is ordinarily taken in the junior year. 
As a senior, the major may elect a course in “advanced” 
quantitative analysis. The premedical students and 
others not majoring in chemistry who do not wish to 
devote two years to analytical chemistry normally 
elect a year course comprised of one semester of quali- 
tative and one of quantitative. This separation of 
students on the basis of interests makes possible more 
intensive courses for chemistry majors. All of these 
courses have one lecture and two laboratory periods 
per week throughout the year. 

In the course for chemistry majors the first semester’s 
laboratory work is devoted exclusively to gravimetric 
procedures. Water in a hydrate, chloride, sulfur, 
iron, and phosphorus in soluble salts, and a limestone 
are done in the order given. The titrimetric work of 
the second semester is begun with redox reactions, since 
it has been found that students have less difficulty 
with these end points than with any of the others. 
Permanganate is employed to determine iron in an ore, 
the oxidizing power of pyrolusite, and calcium in the 
limestone begun in the first semester. Iodine is used 
for antimony in stibnite, and thiosulfate for copper 
in an ore. Fajan’s chloride and a Volhard titration 
illustrate precipitation methods, and acid-base experi- 
ence is given with the analysis of an acid and a soda 
ash. The year’s work is concluded with the analysis 
of a brass, principally to give the student some ex-* 
perience with electrolytic methods. Throughout all 
the laboratory work emphasis is placed on the acquisi- 
tion of good technique. 

The class periods are devoted to the theory of quanti- 
tative analysis and to the solving of numerical problems. 
Since the student has encountered a thorough discussion 
of ionization, hydrolysis, instability, and solubility prod- 
uct constants in qualitative these topics are covered 
rather hurriedly by way of review. Numerical prob- 
lems are assigned the student to assist him in this re- 
The factors affecting both the completeness of 


view. 
' precipitation and the purity of the precipitate, the 
choice of indicators, the applications of electrode poten- 
tials, the sources of error in each determination, and 


HAROLD M. STATE 
Allegheny College, Meadville, Pennsylvania 


other applications of the laboratory procedures are 
extensively treated. Early in the course an attempt is 
made to give the student an understanding and ap- 
preciation of the analytical balance as a fundamental 
laboratory tool and of the theory of measurement. 


Except for the usual reference to the law of probability § 


no use of statistics is made in connection with the latter. 
The problems in stoichiometry are, by and large, 
selected so as to acquaint the student with analytical 
methods other than those he has actually employed in 
the laboratory. When the student has progressed far 
enough he is assigned problems in which he is asked to 
devise a suitable procedure for analyzing simple mix- 
tures. 

The last two or three class periods are devoted to a 
brief discussion of some of the more important instru- 


mental methods of analysis, although none of these is} 


actually used in the laboratory. It is our feeling that 


every student of quantitative analysis should at least} 
know that there are other methods of analysis besides | 


the ones he has used, when these methods are particu- 














larly advantageous, and what their limitations are.| 


The principle of each method is also considered but 
time does not permit much detail. Instrumental deter- 
minations have not been included in the elementary 
laboratory work but do constitute an important part of 
the experimental work in the advanced course. 


Some may be surprised that no calibrations of either} 


burets or weights have been included ‘in the course. 
These have been omitted not because it is felt they are 
unimportant but because there isno more deadly way of 
killing a beginner’s interest. These procedures are 
also very time-consuming for beginners and result in 
much congestion and delay at the balances. By pro- 
viding apparatus of good quality, apparatus errors are 
not too serious. Calibrations are made a part of the 
advanced course. 

In the course for premedical students, less emphasis is 
given analytical theory. Accompanying the qualita- 
tive analysis in the first semester, ionization and solu- 
bility equilibria are considered in sufficient detail so 
that the student may have an understanding of the 
laboratory procedure. The calculation of pH values 
is emphasized. In the quantitative half of the course, 
titrimetric methods are stressed... Two gravimetric 
determinations— % of water in a hydrate and chlo- 
ride—initiate the laboratory work and give the student 
experience with the balance. Permanganate, iodine, 
thiosulfate, acid and alkali solutions are employed for 
one determination each. To conclude the experi 
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mental work two colorimetric determinations are done, 
one illustrating the use of a visual and the other of a 
photoelectric colorimeter. The acquisition of good 
laboratory technique is again stressed in the laboratory. 

The classwork is more concerned with the “how” 
than the “why” of quantitative analysis. Other appli- 
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cations of the methods employed in the laboratory are 
discussed and illustrated with problems. Much prac- 
tice is given in solving numerical problems, pH and 
buffers are reviewed again, and the selection of in- 
dicators is considered. Of the physicochemical meth- 
ods only colorimetry is considered at the present time. 


BEGINNING COURSE IN sasnibsieinaadcasmainsi 
ANALYSIS 


Quanrrrative analysis, as all other fields of chemis- 
try, is not static but dynamic. New discoveries in 
chemistry and physics extend and broaden the scope of 
analytical chemistry. Although the fundamentals of 


" gravimetric and volumetric analysis remain essential 


parts of quantitative analysis it is timely to consider 
whether the presentation of new principles and modern 
developments should not be included in a beginning 
course. 

We should approach the entire problem in a spirit of 
conciliation and compromise. As in all daily problems 
in life we should be willing to compromise on extreme 


If time were not a factor we could teach all the theo- 


Mretical and practical aspects of quantitative analysis., 
This may be desirable for all graduates majoring in . 


ourse. {4g 2nalytical chemistry but we are concerned here with the | 


fundamental introductory course. First of all we have 
to reach an agreement with our colleagues in the other 


major fields in chemistry as to how much time should. 


be devoted to a fundamental course in quantitative 
analysis, and then we have to compromise among our- 
selves as to what such a course should offer. No ele- 
mentary course aims at educating experts in a given 
field. Whatever the aims and objectives of an elemen- 
tary course in quantitative analysis are we should 
agree from the outset that a student who has passed 
such a course successfully is not an expert in quantita- 
tive analysis; at most he has acquired the background 
to become an expert. 

The question has been asked: ‘Fundamentally, 
what should the beginning course in quantitative analy- 
sis include in order best to train for future technical 
work such groups of students as chemical engineers, 
home economics majors of diverse interests, premedical 
students, and prospective research chemists?” This 
question implies that the same beginning course can 
and should be offered to these various groups of stu- 
dents. In the opinion of my colleagues in the Univer- 


I. M. KOLTHOFF 
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sity of Minnesota and myself this would be highly un- 
desirable, especially for the students in chemistry and 
chemical engineering. 

The aims and objectives of a beginning course in 
quantitative analysis for chemists and chemical en- 
gineers, designated below for the sake of convenience 
as chemists, are quite different from those of a begin- 
ning course for premedical students, home economics 
majors, and other groups whose major interest is out- 
side of chemistry. As chemists we are mainly concerned 
with and interested in satisfying the needs of the stu- 
dents in chemistry and chemical engineering. Other 
departments which request service courses in quantita- 
tive analysis should state their own aims and objectives 
and the department of analytical chemistry can try to 
accommodate these groups. The aims and objectives 
of a “service” course in beginning quantitative analysis 
are so different from those for chemists that at Minne- 


’ gota we give a different course for the chemists than for 


the outsiders in chemistry. Let us first consider the 
contents of a fundamental course for the chemists. 

Stated briefly, quantitative analysis deals with the 
determination of the composition of one compound or 
any mixture of compounds. Quantitative analysis is an 
art and a science. When a student has acquired the 
elementary principles of the art of analytical chemistry 
he has the necessary background for carrying out 
analyses by given procedures but he is not an analytical 
chemist. 

Teaching the “doing” of an analysis is only part, al- 
though an essential one, of a fundamental course in 
quantitative analysis. But let us balance this with an 
understanding of the science of quantitative analysis, 
lest the student, after finishing his course, might feel 
like the man described in the opening paragraphs of the 
Preface of a book written by Newth,' written in 1898: 


1 Newrty, G. &., 
tive and Quantitative,” 
1898. 





“A Manual of Chemical Analysis; Qualita- 
Longmans, Green and Co., New York, 
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‘A man once brought his son to the Royal School of Mines— 
now the Royal College of Science—with the request that he 
might be taught to ‘do copper.’ He did not want his boy to 
‘waste his time learning about oxygen and hydrogen, and all 
that,’ but he wished him simply to learn to ‘do copper.’ 

‘Although seldom expressed with such refreshing candour, the 
desire to do analysis without learning more than the minimum 
amount of chemistry is still very prevalent; and, unfortunately, 
chemical analysis is a subject which may be, and frequently is, 
taught and practised in such a manner as to degrade it to the 
level of a purely mechanical and often quite unintelligible series 
of rule-of-thumb operations.” ; 


Quite generally, the aims of the undergraduate educa- 
tion for chemists are to provide the students with a 
balanced background in the fundamentals of the var- 
ious fields of chemistry, without trying to educate 
specialists in any given field. The classification of 
chemistry into various fields has definite advantages, 
but the major subjects are closely interrelated and it 
is hardly possible to become an expert in any of these 
fields without a thorough background in the other 
major subjects. In quantitative analysis we make use 
of the facts and theories of other major fields of chemis- 
try and vice-versa; progress in these other fields re- 
quires a knowledge of and experimental acquaintance 
with quantitative analysis. 

Based on these views a chemistry student should be 
equipped in his fundamental course in quantitative 
analysis with the knowledge and the skill to interpret 
and carry out analytical procedures and with the under- 
standing of the possibilities and the scope of quantita- 
tive analysis. In such a course it becomes evident that 
the scientific advancement of analytical chemistry is not 
possible without making use of the facts and theories 
provided by physical, inorganic, and organic chemistry 
and physics. 

In his course in general chemistry the student has 
been presented with enough elementary physical and 
even organic chemistry to understand the significance 
of these subjects in elementary quantitative analysis. 
For a proper appreciation of the role of quantitative 
analysis in the various fields of chemistry the student 
should also learn of the contributions made by quanti- 
tative analysis in the development of these various 
fields and of the possible role of quantitative analysis 
in the further development of these subjects and in 
chemical research in general. The successful approach 
of a new “pure” or “applied” research problem often 
demands first of all the development of suitable analyt- 
ical methods. 

It is not necessary to go far back in history to find a 
great number of suitable and impressive illustrations of 
this thesis. In my own recent experience I could refer 
to the role of quantitative analysis in the development 
of our understanding of emulsion polymerization. A 
rational study of the kinetics and mechanism of this 
type of polymerization became possible only after suit- 
able analytical methods had been developed. 

It may be argued that the great majority of students 
lack the originality, ability, and initiative to make 
creative use of quantitative analysis in their later pro- 
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fessions and that education in quantitative analysis on 
such a broad basis, therefore, would rot be justified. 
However, such an argument would hold equally true in 
the other fields of chemistry and, if accepted, would 
lead to a lowering of the standards in the entire educa- 
tion in chemistry. I believe that only very few people 
would agree with such a view, if it were only for the fact 
that it would lead to a serious reduction of the back- 
ground of the small group of outstanding students who 
are destined to become leaders in their chosen fields. 

Summarizing, the major objectives of an elementary 
course in quantitative analysis are to provide a balanced 
education in the theoretical and practical fundamentals 
of gravimetric and volumetric analysis, and to imbue 
the student with the proper appreciation of the scope of 
quantitative analysis, its relation to the other major 
fields of chemistry, its significance in the scientific de- 
velopment of these fields, and its role in “pure” and 
applied research. In this way justice is done to the 
position of quantitative analysis among the other major 
fields of chemistry. 

The student having passed such a course is still a 
novice and not an expert in the field of quantitative 
analysis. The classical fundamentals of gravimetric 
and volumetric analysis remain the essentials of the 
elementary course. In order to cultivate a proper 
appreciation of the scope of quantitative analysis it is 
highly desirable in such a course to make the students 
acquainted with the elementary principles of more ad- 
vanced subjects, like electrometric methods, optical 
methods of analysis, difficulties involved in the analysis 
of complex materials for major and minor constituents, 
analysis of microquantities, instrumental methods of 
analysis, ete. The student who is interested in broad- 
ening and deepening his background in quantitative 
analysis will have an opportunity later to take advanced 
courses in the field. 

Based on these general views the following topics are 
discussed in the fundamental courses (2 quarters, 5 
credits each) in quantitative analysis for chemists and 
chemical engineers in the University of Minnesota: 
accuracy and precision, errors and sources of errors, 
analytical balance, solubility, and dissociation equilib- 
ria including oxidation-reduction reactions, properties 
of precipitates, coprecipitation, hygroscopicity, methods 
of separation, use of organic reagents, electroanalysis, 
calibration of weights and volumetric glassware, under- 
standing and interpretation of properties of indicators 
in volumetric analysis, general use of the various volu- 
metric reagents, oxidizing and reducing agents, elemen- 
tary principles of optical methods of analysis. Ample 
time is reserved for a discussion of stoichiometry and 
more general problems in recitation perioas. For the 
entire course 35 lectures and 20 recitations are sched- 
uled. For the laboratory work 180 hours are scheduled. 
The following determinations are made: 

Gravimetric: Water in barium chloride, iron as oxide, 
chloride, sulfate, calcium and magnesium in limestone, 
silica in a rock, phosphate in apatite rock, electrolytic 
copper. 
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Volumetric: Calibration, standard solutions and 
their standardization, carbonate in soda ash, oxalic 
acid, chloride (Mohr, Volhard, adsorption indicator), 
iron in iron ore (dichromate), pyrolusite (iron method, 
with permanganate), antimony in stibnite (iodometri- 
cally and with bromate), copper in ore. 

Colorimetric: Iron (colorimetric titration), manga- 
nese, and pH of a buffer solution. 

We consider it desirable to teach the theoretical 
fundamentals in conjunction with the laboratory work. 
In this way the close correlation between theory and 
application is made clear and the interested student 
is stimulated by the obvious application of the theory to 
his practical work. For example, in the titration of 
chloride by various methods an illuminating demon- 
stration can be made of the principle of solubility prod- 
uct, fractional precipitation, theory of adsorption indi- 
cators, and properties of colloidal precipitates. In 
order to provide the theoretical fundamentals just be- 
fore the laboratory work we prefer to teach gravimetric 
before volumetric analysis. This is not an essential 
issue, however. After conclusion of the more classical 
part some lectures are devoted to elementary principles 
of more advanced subjects, as electrometric, optical, 
and instrumental methods of analysis, etc. A mere 
knowledge of the existence of the various methods of 
analysis may be of invaluable aid to the student in his 
later profession. Limitation of time, the large number 


of students in the course, the superficial acquaintance 
of the students with physical chemistry and physics are 


the main reasons why we do not include any laboratory 
work in these advanced subjects in the fundamental 
course. Instead of this, I believe that it would be desir- 
able to illustrate the elementary principles underlying 
these advanced subjects with the aid of slides, and as 
far as instrumental methods of analysis are concerned 
with moving pictures. 

I am not advocating any thorough treatment of ad- 
vanced methods of analysis in the beginning course. 
The little time devoted in this course to more advanced 
subjects should merely serve to make the student 
acquainted with the existence of various types of 
methods of analysis and instruments used. 

I would be greatly opposed to more than a superficial 
discussion of instrumentation in a beginning course 
because we cannot do justice to both this subject and 
fundamentals of analytical chemistry. In the theoreti- 
cal part of the course we teach the students that analyti- 
cal chemistry makes use of the physical and chemical 
properties of substances for their determination and sepa- 
ration. Therefore, an acquaintance with, and an under- 
standing and interpretation of properties is an essential 
part of the fundamental course. Considering the back- 
ground of the student only a selected limited number of 
properties is discussed. 

After selection of a property we make use of in a given 
analysis the question arises how to measure it. It is 
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desirable that the analytical chemist have an under- 
standing of the construction and limitations of the 
instruments which he uses. In the fundamental course 
again we must limit ourselves on the instrumental side. 
Quite rightly we devote here considerable time to the 
construction and properties of the analytical balance 
and the calibration of weights and of apparatus used in 
volumetric analysis. Instrumentation as such is not 
and cannot be taught in the fundamental course. Jus- 
tice to this important subject should be given in more 
advanced courses after the student has acquired a funda- 
mental background in physical chemistry and physics. 

As far as service courses are concerned, it should be 


_appreciated that the students in their future positions 


will serve mainly as analysts. They are not called 
upon to develop new methods but they must be able to 
understand and carry out given procedures or develop 
new methods under direct supervision. An intelligent 
understanding of the elementary theoretical fundamen- 
tals should be confined to those which are essential in 
regard to the aims of the course. Great emphasis must 
be placed on calculations (stoichiometry), instruction in 
laboratory technique and on the meaning of accuracy 
and precision in both procedure and calculations. An 
elementary acquaintance with calculation of equilibria 
based on the mass-action law is also essential, especially 
for premedical students. At Minnesota, our funda- 
mental course to chemists and chemical engineers is 
given over a period of two quarters with 5 credits per 
quarter. On the other hand, the premedical course is 
scheduled for one quarter of approximately ten weeks 
with only four credits. Nine hours are allotted for 
laboratory work, two for lectures and one for recitation. 
The purpose of the recitation period is to give the stu- 
dents a thorough drill in solving stoichiometric prob- 
lems and those based on the mass action law. The se- 
quence of lectures deals with the general scope and 
methods of quantitative analysis, analytical balance 
(2 hours), stoichiometry, solubility product, equilibria 
(including pH), precipitation methods, properties of 
precipitates, experimental methods of volumetric 
analysis, detailed discussion of reagents, reactions and 
indicators in various groups of volumetric analysis, 
special analytical methods (especially colorimetry). 
The laboratory work requires the determination of the 
water of hydration in barium chloride; gravimetric 
chloride (Gooch crucible) and sulfate; volumetric 
sodium carbonate, chloride (Mohr), ferrous iron (di- 
chromate), calcium (permanganate), copper (iodometric) ; 
electrolytic copper, colorimetric iron (visual method), 
colorimetric pH. This type of course seems to satisfy 
the needs of the premedical students and it can be 
modified if the School of Medicine wishes. 

In conclusion, the author wishes to express his in- 
debtedness to his colleagues, Professors E. B. Sandell 
and E. J. Meehan, for constructive criticism in the 
preparation of thig manuseript. 





INTRODUCTORY QUANTITATIVE ANALYSIS 


Tue mrropucrory course in quantitative analysis 
at Louisiana State University is intended to provide 
a general training in the theoretical principles applying 
to analytical chemistry, together with a working 
knowledge of common laboratory techniques. All 


students who require training in quantitative analysis - 


take the same course, regardless of their major fields 
of interest. For majors in chemistry additional courses 
are provided in instrumental methods of analysis, 
spectroscopy, microanalysis, and other advanced tech- 
niques. The complete program of training in an- 
alytical chemistry, both undergraduate and graduate 
has been described recently by Choppin, LeRosen, and 
West.! The present discussion will be restricted to a 
description of the basic course and a discussion of 
teaching and evaluation methods. 

The educational backgound of the students to be 
taught must be considered in the design of any course. 
The general course in quantitative analysis at LSU 
has a prerequisite of a thorough course in qualitative 
analysis. This tends to assure an adequate knowledge 
of ionic reactions and the principles relating to chemical 
equilibria. As taught in this department qualitative 
analysis stresses theoretical principles and analytical 
separations (including chromatographic separations) 
rather than its use as an investigative tool. Since 
all students take the same basic course it is advan- 
tageous to use such a prerequisite as a means of estab- 
lishing the level for instruction so that all students, 
regardless of primary fields of interest, can undertake 
the study of quantitative analysis without fear or 
handicap. 


AIMS AND METHODS 


It seems generally agreed that a beginning course 
in quantitative analysis must stress the laboratory art. 
It is our further belief that all students requiring such 
training must also have an appreciation of the chemistry 
and principles encountered in their laboratory work. 
Furthermore, it would seem ridiculous to train a student 
in the laboratory mechanics and not teach him how to 
make calculations necessary for the accomplishment of 
various analyses and for the expressing of analytical 
results. Some mention of the significance and treat- 
ment of data would also seem justified. It is therefore 
our aim to present a course in which students learn 
accepted laboratory techniques which are then prac- 
ticed with reasonable understanding on representative 
determinations. , ii 

1 Cuoprin, A\*R., A. L. LeRosen, anp P. W. West, Anal. 
Chem., 19, 640 (1948). 
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As implied in the preceding paragraph, the writer 

has not agreed with the Professional Training Com- 
mittee’s recommended minimum standard for quantita- 
tive analysis courses. In the past, this committee has 
recommended that the minimum standard for such 
courses be the equivalent of eight hours of laboratory 
per week for a total of thirty weeks and it was clearly 
indicated that no lectures would be necessary. The 
most recent recommendations of the committee are 
that quantitative analysis should comprise, 
“...the equivalent of thirty weeks of instruction with not less 
than eight hours a week of which two hours will normally be de- 
voted to the discussion of principles. This course must include 
some training in qualitative analysis, if this subject is not covered 
in the course in general chemistry, or in a separate required 
course.”’ 


Even these latest recommendations are not sul- 
ficiently specific in requiring lectures in quantitative 
analysis. The writer feels that lectures are as essential 
to analytical chemistry as laboratory is to organic and 
physical chemistry. The first semester course at LSU 
consists of three hours of lecture and six hours of labora- 
tory per week for an eighteen-week semester. This is 
followed by a semester of instrumental analysis at the 
junior or senior level. 


LECTURES 


Lectures at the introductory level are logically in- 
tended to aid and supplement laboratory work and 
provide a real understanding of chemical principles 
encountered in the practice of analytical chemistry. 
Discussions of details of procedure, the chemistry of 
pertinent determinations, and the principal sources of 
errors are considered an integral part of laboratory 
work. Lectures on the principles and theories associ- 
ated with analytical chemistry tend to remove the 
tendency for students to approach chemistry as a series 
of empirical operations. Equilibria seem always to 
require and justify review, and thorough consideration 
of oxidation-reduction necessitates the presentation of a 
carefully integrated series of lectures on the balancing 
of redox equations, determination of equivalency of 
redox agents, and calculations relating to oxidation- 
reduction equilibria. Also, there is no good reason 
why students should be sheltered from the Nernst 
Equation until they reach the courses in physical chem- 
istry. 

Lecture time devoted to chemical calculations can 
be justified from a number of standpoints. Under- 
standing of chemical calculations provides an apprecia- 
tion of the basic operations necessary for the obtaining 
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of analytical results. Also, there is little point in col- 
lecting data that are not put in suitable form for inter- 
pretation. One reason for emphasizing the calculations 
of quantitative analysis which seems to be generally 
overlooked is the value of providing students with a 
broader knowledge of accepted procedures for analyses 
—few laboratory courses can include more than a dozen 
to two dozen determinations. Selected problems can be 
used to call to the student’s attention methods and 
alternative methods for the determination of substances 
not adequately considered in laboratory instruction. 
For example, it can be pointed out that lead can be 
determined gravimetrically by precipitation as the 
sulfate from sulfuric acid or alcoholic solution, by pre- 
cipitation as the chromate, or by electrolytic deposition. 
Actually, there is seldom need for more detailed knowl- 
edge than this, and the problem work, therefore, 
provides an excellent means of furnishing students with 
a general background of acceptable methods. 

Of significance in regard to teaching chemical cal- 
culations is the value of using titers in titrimetric an- 
alysis. The use of titers fits in so logically with the 
concepts of weights and weight factors (chemical fac- 
tors) that the subject of calculations can be put on a 
self-teaching basis. A book that is written with this 
view in mind is available? and a paper discussing these 
methods is being prepared for presentation elsewhere. 
It should be pointed out, however, that the concepts 
of titers and normalities are not incompatible and the 
students at LSU become proficient in the use of both 
systems. 


LABORATORY 


The scope of laboratory instruction at LSU has been 
presented elsewhere.! The choice of determinations 
studied has been carefully made so that representative 
determinations are included which serve to exemplify 
various types of operations commonly encountered in 
analytical practice. Gravimetry and titrimetry have 
about equal emphasis while colorimetry plays a less 
prominent role. Although instrumental methods are 
mentioned in lecture no special emphasis is placed on 
them in laboratory. The only instruments available 
for class use are balances, various types of colorimeters 
and electronic pH meters. 

The mechanics of laboratory instruction seems to be 
an important phase of successful teaching. In our 
laboratories, each student is alloted five feet of desk 
space for his work. Each student is provided with a 
balance and calibrated set of weights and there is 
sufficient equipment available in the individual lockers 
to provide all of the materials normally required during 
the semester’s work. Instruction is provided on an 
individual basis with not over 24 students assigned to 
each laboratory instructor. A major faculty member 
is responsible for the laboratory at all times, and in- 
structors must be present whenever students are in the 
laboratory. No time is provided for unscheduled work. 





2 West, P. W., ‘Calculations of Quantitative Analysis,”’ 
Macmillan Co., New York, 1948. 
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Students analyze standard samples and it has been 
found that such a system is entirely satisfactory, both 
from the standpoint of efficiency in issuing samples 
and from the standpoint of student satisfaction with 
the grading system inherent in such a procedure. 

Certain changes are being contemplated in regard 
to the laboratory teaching. We are in the process of 
preparing visual aids (cartoons) for use in teaching 
laboratory techniques,*** and we expect to introduce 
some microchemical methods in the near future.® 


EVALUATION OF THE STUDENT 


The grading system in quantitative analysis is based 
on the use of points. Five hundred points can be 
earned in lecture. Students are held responsible for 
daily quizzes and thirty-five questions are given during 
the semester’s work. In addition, twenty questions 
are given on final examinations making a total of 
fifty-five questions during the semester. The five 
lowest grades are dropped and the total score is ob- 
tained on the basis of assigning ten points per question. 
In the laboratory, there are eleven dete~minations 
which are graded on the basis of fifty points per deter- 
mination, the low grade is dropped making a possible 
total of five hundred points in laboratory. A combined 
total of nine hundred points or above constitutes an 
“A,” eight hundred to eight hundred ninety-nine 
constitutes a ““B” and so forth. The final examination 
for the course is taken from current A. C. 8. cooperative 
chemistry tests in quantitative analysis. 


EVALUATION OF INSTRUCTION 


Questionnaires are distributed to members of the 
classes as a means of obtaining student evaluation of 
the instruction. These questionnaires go directly to 
the dean’s office, where the results are tabulated and 
pertinent remarks and suggestions of the students are 
noted. Over a period of years it has been found that 
the students are essentially without prejudice when they 
fill out these questionnaires, and the results obtained 
have been of great help in improving the quality of 
instruction. 2 

The use of the. A. C. S. cooperative chemistry test 
is also to be recommended. Although it is difficult to 
compare the results obtained locally with those obtained 
in other institutions, it does serve to point out certain 
weaknesses and strong points in instruction methods 
and course setups. The author believes it would be 
advantageous in the future if comparisons obtained by 
means of the cooperative tests could be broken down 
so as to take into consideration not only the number of 
semesters which the student has studied quantitative 
analysis but also the size and nature of the classes, 
together with the fields of interest of the students 
tested. 





3’ Buss, H. H., “Unit Operations of Chemical Analysis,” 
Norman, Oklahoma, University Book Exchange, 1947. 
4 Wirtu, H. E., and B. P. Burtt, J. Cuem. Epuc., 22, 501 


(1945). 
5 Gappis, S., AND G. F. BrecKENRIDGE, ibid., 24, 241 (1947). 
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CONCLUSIONS 

The beginning course in quantitative analysis at 
LSU contains certain deficiencies. One possible de- 
ficiency is the emphasis placed on classical methods of 
quantitative analysis. The ideal situation would be to 
provide all students with a thorough knowledge of both 
classical and instrumental methods. Obviously, this is 
an absolute impossibility and it is felt that the problem 
of instruction is best served through emphasis of the 
classical methods. It is doubtful that we can justify 
“modernization” further than to include the use of 
some organic reagents together with instructions on the 
use of some common instruments such as electronic 
pH meters, visual colorimeters, and filter photometers. 

Probably the most serious deficiency of our course 
is the lack of laboratory time available to the student. 
The student is under constant supervision and is under 
continual pressure. This means that the student has 
neither the opportunity for personal development nor 
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the time necessary for real enjoyment of laboratory 
work, which under ideal conditions should serve to give 
him both knowledge and enthusiasm. 

In favor of the present course at LSU is the fact that 
most students seem to obtain a reasonable knowledge 
of quantitative methods. It is interesting to note that 
in the last national A. C. 8. test, premedical students 
at LSU ranked higher than our chemical engineers, 
although not as high as chemistry majors. This would 
seem to indicate that it is possible to give a general 
course for all types of students provided sufficient 
foundation is given the nonphysical-science majors to 
enable them to study without handicap. 

The one semester course on ‘classical’ methods is 
justified in that it serves a general need. The in- 
strumental analysis course required of juniors and 
seniors in the College of Chemistry and Physics is 
believed to be the logical place for training in recently 
developed methods of analysis. 


e QUANTITATIVE ANALYSIS FOR CHEMICAL 
ENGINEERING STUDENTS 


‘ 


Tus paper is an attempt to answer the questions: 
‘“‘What should a student of chemical engineering receive 
from his course in quantitative analysis? What theory 


should he learn, and what techniques? What place 
should calculations take in his training?” 

Before these questions can be answered properly it 
will be necessary to review how chemical engineers use 
quantitative analysis today, and what they may 
reasonably expect of it tomorrow. The chemical en- 
gineers of whom I speak may be found in the research 
laboratory, pilot plant or semiworks, production plant, 
engineering division, sales department, or technical 
service group—all are dependent to a greater or less 
extent on the results of quantitative analysis. 

Let us keep in mind that chemical engineers are sel- 
dom called on to do quantitative analysis themselves, 
but they must understand the principles, important 
techniques, and limitations of the methods in order to 
direct others actually doing laboratory work. Com- 
prehension and vision are all-important. 

Numerically there are more chemical engineers in 
plant operation than in any other type of work, so that 
quantitative analysis as a means of process control may 
be considered first. To illustrate, let us consider a 
plant making ammonia from natural gas, consisting 
of a gas preparation system, a gas purification system, a 
group of converters operated in parallel, together with 
the necessary compressors, heat exchangers, separators, 
and auxiliaries, as shown in Figure 1. 

This system is a continuous, recycling one into which 
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the active components hydrogen and nitrogen, in a 3 to 
1 volume ratio, and inert components, largely methane, 
argon, and excess hydrogen or nitrogen are introduced, 
and from which the desired product, ammonia, is taken. 
The inert components must be purged from the system. 
The system is called recycling because flow is from the 
gas purification system through compressors, the low 
temperature separator, ammonia converter, cooler and 
the primary separator in sequence, and then the un- 
reacted portion (recycle gas) together with makeup gas 
flows again through the same equipment units. 

The ability to perceive which one of several inter- 
dependent variables most accurately reflects the state 
of a unit operation or unit process is something a chemi- 
cal engineer must have in both operations and design. 
In the example under consideration the variables are 
the gas compositions, and critical stations are: -(1), 
where samples of ‘‘synthesis gas” are taken; (2), where 
the ‘makeup gas” is sampled; and (3), where the 
“recycle gas” is sampled. 

It has been shown in actual operation that such a 
plant suffers a decrease in ammonia output of one-half 
per cent for every tenth of a per cent increase in the 
‘fnerts” content of the makeup gas. Not only are the 
argon and hydrocarbons inert but the hydrogen or 
nitrogen in excess of the 3 to 1 ratio acts as inert. 
The analysis at Station 2 (see Table 1) states precisely 
what the conditions are. It shows 1.0 volume per cent 
inerts (hydrocarbons), but in addition there is 0.2% 
argon appearing in the nitrogen analysis which, to- 
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gether with the excess hydrogen, makes an additional 
1.4% acting as inert, or 2.4% total. At a value of $70 
per ton, the loss of 12 tons daily from a one-hundred ton 
plant is considerable. 





TABLE 1 
Gas Analyses 





(3) 


(1) (2) 
Synthesis Gas Makeup Gas Recycle Gas 





He 61.3 74.4 63.4 
No 18.9 24.6 20.8 
CHG, inerts .3 1.0 15.8 
CO 3.8 0 0 
CO, 14.7 0 0 
Ratio H2/Ne 3.24 3.03 3.04 





Station 2 serves as a check on the operation of the gas 
preparation system. Account must be taken of the 
composition of the recycle gas, as any change will neces- 
sitate a change in the gas preparation variables. Sta- 
tion 1 gives a quick indication of these changes. 

Analyses could be made at many other stations in the 
system, which is shown only diagrammatically in 
Figure 1, but experience has dictated that analyses at 
these three stations and only these three are required for 
running the plant. Stations 2 and 3 are the most im- 
portant. 

These three analyses are of sufficient importance that 
they are made not only by conventional gas analysis 
methods, but are checked with the mass spectrometer. 
Thought has been given to continuous analyses by mass 
spectrometric methods but as yet no such are available. 

Analyses made currently with operations are of much 
more value than those made subsequently, particularly 
if conditions change quickly. In the manufacture of a 
relatively expensive organic chemical, precipitation is 
carried out under reducing conditions in an inert atmos- 
phere. Should the solution become oxidizing, it is 
easily possible for losses to reach 200 g. a minute, which 
at 15 cents a gram amounts to $30 a minute. A glass 
electrode and potentiometer arranged to measure the 
oxidation-reduction potential of the solution enable the 
operator to work with full knowledge of actual condi- 
tions at all times. Measurement of the O-R potential 
is not difficult, but perception of the proper variable to 
be measured is difficult. 

The operating chemical engineer must move quanti- 
tative analysis out of the laboratory into the plant so 
that it operates concurrently with the process being 
controlled. 

Quantitative analysis is important to the chemical 
engineer engaged in plant and equipment design. In 
laying out a process flow sheet the analysis of every 
stream before and after each piece of equipment must 
be known—sometimes an approximate value will do— 
for the engineer to make the proper materials and 
energy balances and to specify the proper materials and 
energy input and removal. 

Sometimes very considerable amounts oftmoney are 
involved in equipment design. I have in mind a current 
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Figure 1. Ammonia Synthesis 


project involving the separation of four nitroparaffins 
boiling in the range 101.2 to 131.6°C. at 760 mm. This 
problem has been under consideration for several years, 
and just now is approaching a truly rational solution. 
We employ in our present production plant at Peoria a 
total of two hundred ten actual plates to effect these 
separations, this number determined from calculations 
based on Raoult’s law. While these columns do a very 
satisfactory job, quick accurate measurements of 
changes brought about by increased reflux ratio, re- 
duced vapor velocity, and lowered throughput have 
long been desired to bring about possible operating im- 
provements. Distillation in a Podbielniak column has, 
until recently, been the best method of quantitatively 
determining these very similar compounds, but this 
method requires several hours for each sample, and even 
then the curves obtained require careful interpretation. 

In the design of a larger plant it was calculated that 
the initial investment in the fractionating columns 
would be $1000 to $1500 per plate, making accurate 
calculation of the number of plates imperative. The 
mass spectrometer was found to be very useful in the 
analysis of nitroparaffin mixtures; a program of opera- 
tion of the existing columns under various conditions 
was devised using the mass spectrometer to appraise 
the results of each change. Results of a large number 
of samples have been obtained quickly so that the de- 
termination of the optimum number of plates and reflux 
ratios is now well toward completion. 

The value of quantitative analysis to the sales en- 
gineer in providing him with product specifications is 
too well known to require elaboration here. 

Quantitative analysis can teach all chemical engineers 
the full significance of accuracy, error, and precision. 
In no other course in the entire curriculum is neatness 
and attention to details so important. 

The foregoing discussion is an attempt to show that 
indoctrination of the student into the philosophy of 
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quantitative analysis is of the first order of importance. 
The value of properly made analyses, the need for 
selecting the best and most indicative variable for 
analysis, and the interpretation and application of re- 
sults to the problem at hand are ideas which young 
chemical engineers usually lack. Sufficient time must, 
therefore, be spent in the classroom, and sufficient out- 
side reading and study required to thoroughly inculcate 
these principles. 

The quantitative analysis course might be outlined 
as follows: 


I. | Chemical and Physico-Chemical Methods 
A. Titrimetry 
1. Acid-base 
2. Oxidation-reduction 
3. Precipitation 
B. Gravimetric analyses 
C. Electrochemical methods 
D. Gas analyses 
E. Combustions 
II. Physical Methods 
A. Photometric analysis 
1. Colorimetry 
2. Turbidimetry and Nephelometry 
3. Fluorimetry 
B. Spectrometry 
1. X-ray 
2. Infrared 
3. Ultraviolet 
4. Mass 
ITI. Introduction to Statistics and Statistical Methods 


Theory and calculation methods should be discussed 


and explained in every section of the outline. General 
considerations such as chemical equilibrum, the law of 
mass action, common-ion effect, solubility product, pH, 
hydrolysis, buffer action, and the use of organic pre- 


cipitants should be stressed. The need for representa- 
tive samples and proper sampling techniques should be 
emphasized. Half the available time measured in 
credit hours should perhaps be spent on the theory, 
uses, and problems of quantitative analysis, and half in 
the laboratory. 

The problems need not be long and tedious, but 
should be chosen to illustrate important theoretical 
points. Slide-rule accuracy should be allowed where it 
is adequate and only there; the student should develop 
judgment as to where to use a slide rule, and where to 
use four-, five-, or six-place logarithms. The use of 
calculating machines should be encouraged if machines 
are available. 

Instrumental methods should be introduced along 
with the more conventional methods. Thus, after the 
theory and laboratory work on acid-base titrimetry 
using indicators are presented, the same determination 
could be made potentiometrically. 

It is desirable to present the theory, field of applica- 
tion, and limitations of important instrumental 
methods, even though the instrument is not available 
for use by the student. For instance, it would be out of 
the question for every chemical engineering student to 
use the mass spectrometer, though a knowledge of its 
field of usefulness should be valuable to him. 
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For the laboratory work, every teacher of quantita- 
tive analysis has a favorite list of student determina- 
tions selected with regard to the amount and type of 
equipment available, size of sections, local interest, and 
his personal preference. Many of these favorite deter- 
minations will fit into the suggested outline of the 
course. Others can be developed to fill in the gaps or 
for use as alternates. The particular determinations 
carried out are not of great importance so long as the 
principles are illustrated. Complicated procedures in- 
volving many steps and procedures involving difficult 
fusions and lengthy digestions should be avoided. 
Semimicro methods are of considerable value since they 
are great time savers. 

Calibration of weights and volumetric apparatus 
should be minimized. It is hardly profitable to spend a 
week from an 18-week course calibrating weights, 
though this is sometimes done. ‘The reasons for calibra- 
tion should be discussed in the classroom, but the stu- 
dents should be supplied with apparatus that is suffi- 
ciently accurate for use. 

In industry, little or no distinction is made between 
inorganic and organic chemistry and it is felt that the 
sharp distinction often still made in college work should 
be eliminated. The student will very likely work with 
both types of compounds on graduation. 

It is not possible to place the kind of a quantitative 
analysis course here described in the sophomore year, 
ahead of organic and physical chemistry. It would be 
best placed after both organic and physical chemistry, 
and unit operations and unit processes as well. Per- 
haps the best compromise that can be reached is to 
teach organic chemistry in the sophomore year, and 
quantitative analysis in the junior (preferably the lat- 
ter half), along with physical chemistry. 

The limitations of the students’ time are recognized. 
If a four-hour’ course lasting through one 18-week 
semester is assumed, and half the credit given to class- 
room work and half to laboratory, the result would be 
two classes a week—36 hours a semester—and two 
laboratory periods a week, or 108 hours a semester. 
The whole amounts to less than four 40-hour work 
weeks. Such a short time is not sufficient. In order to 
achieve real accomplishment, the student will have to 
devote some of his “‘outsitle” time to laboratory work. 
Earnest students will not. object to this. 

In summary, the most important thing the under- 
graduate course in quantitative analysis can give the 
chemical engineer is a vivid and lasting impression of 
its usefulness as: 


1. A means of process control. 

2. A means of securing data in the laboratory, pilot 
plant, and production plant for process, equipment, and 
plant design. 

3. A means of setting up and checking product 
specifications. 

Theory should be adequately presented and suffi- 
cient laboratory work carried out that the principles 
are thoroughly mastered. 





QUANTITATIVE ANALYSIS FOR PREMEDICAL 
STUDENTS 


Quantrrative analysis is a part of the premedical 
course as now required by most medical schools. Cer- 
tainly we have been able to do a much better job of 
teaching clinical and biological chemistry since this re- 
quirement has been in force. 

A considerable amount of quantitative work is car- 
ried out in the medical school in the courses in biological 
and clinical chemistry. Quantitative methods are used 
not only as training in the technique of such methods 
but because quantitative experiments in biological 
chemistry are frequently the most instructive. In 
studying an enzyme action or carrying out a functional 


test on a human subject, a knowledge of the quantita- 


tive relations is quite essential. 

The time allotted for the teaching of biological chem- 
istry in medical schools is small compared with the 
large territory that must be covered. We feel it im- 
portant that we shquld not have to spend too much 
time in teaching methods. We are, therefore, concerned 
that our students should have had good premedical 
courses in quantitative analysis and are interested in 
any attempts that may be made to improve such 
courses. 

Fortunately, I believe that teachers in medical 
schools are as well satisfied with the teaching of quan- 
titative analysis in the premedical courses as they are 
with the teaching of any premedical subject and that 
this is due to the generally high level of teaching in this 
field. 

That the teachers of quantitative analysis are awake 
to the possibilities of such improvements, as are always 
possible in any course, seems clear from the very fact of 
the existence of this symposium. Only the actual 
teachers of quantitative analysis fully realize what it is 
possible to do and what it is not possible to do in the way 
of change without losing more than is gained. 

As I have indicated, I do not think there is any de- 
mand from teachers in medical schools for any radical 
changes in the courses as given. We all remember the 
discipline we ourselves obtained in our first courses of 
quantitative analysis and with much thankfulness in 
retrospect. We got a new viewpoint and not in chemis- 
try alone. We doubt that less rigorous treatment 
would have given it to us. 

Nor do we feel that the needs of the premedical stu- 
dent are too much different from those of the prospec- 


tive chemist, chemical engineer, or graduate in home, 
economics. All need, first of all, a firm grounding in the, 
t 
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theoretical bases of quantitative analysis, resting as 
they do on a thorough grasp of general chemistry. All 
need the experience of developing technical facility. 
All need to learn the meaning of accuracy. All need to 
be able to estimate the limits of accuracy of the pro- 
cedures they employ. All need a thorough training in 
chemical calculations. In achieving these results the 
capability of the teacher will be more important than 
any particular program. It is, of course, true that the 
prospective chemist, or chemical engineer, will need 
work beyond a first course to develop his proficiency in 
various types of analytical work. It is also true that in 
some cases it may be desirable to give different courses 
to the two groups, because the chemists have had more 
introductory work in general chemistry and qualitative 
analysis. But it does not seem to me that the courses 
in general should be very different or that they need 
necessarily be different at all. 

In such analytical training we all recognize the essen- 
tial role of gravimetric analysis. Nothing can take the 
place of the grounding in the techniques involved and 
in the use of the balance that gravimetric analysis gives. 
Nothing can give the same sense of what accuracy 
means. The student must, therefore, achieve ability 
with gravimetric procedures. This is true in spite of the 
fact that the premedical student after completing his 
course may very well never again run a gravimetric 
determination. Such determinations are quite com- 
monly omitted even from biological chemistry courses 
in medical schools, and are not at all likely to be run in 
hospital training or medical practice. Whether on this 
account something less than half of the course time 
should be devoted to gravimetric analysis, I do not , 
know. Gravimetric analysis is naturally time-consum- 
ing and the time alloted to the average course is very 
short. If teachers of quantitative analysis feel that the 
general values of gravimetric analysis to the student can 
be achieved a little sooner, this would be desirable in 
leaving time for obtaining familiarity with procedures 
that are more likely to be used in the medical school. 

From this standpoint, volumetric analysis must hold 
the primary place because of the simplicity of the ap- 
paratus and the rapidity with which determinations 
can be carried out. The usual work on acidimetry and 
alkalimetry, with preparation of standard solutions and 
studies of the choice of indicators, is obviously in order, 
even though the student later on be able to avoid the 
necessity for preparing his own standard solutions. 
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Volumetric methods are, of course, widely used in bio- 
logical and clinical chemistry and the essentials of 
proper manipulation must be well instilled. 

The development of colorimetric methods of analysis 
has been a special feature of biological and medical 
chemistry. This has been largely because of the need 
for determining biological substances in very small 
amounts beyond the range of the usual titration 
methods, or which could not readily be isolated from 
interfering substances to the extent necessary for such 
titration methods. As a result, biological chemistry, as 
well as clinical chemistry, has largely become colori- 
metric chemistry. At times some of the colorimetric 
methods developed have not been soundly based and 
have somewhat tended to discredit this type of pro- 
cedure. In general, the colorimetric methods have not 
been of the highest accuracy. This danger has been 
somewhat counterbalanced by the fact that estimates 
on biological materials usually have inherent errors due 
to biological variations rather than errors in analysis. 
It has therefore not been so much a question of whether 
a method was extremely accurate as whether it has 
given comparative results. Serious errors may, how- 
ever, readily creep into colorimetric analyses and a 
familiarity with the possible difficulties is an essential 
part of training in these methods. So it is not quite safe 
to say that if a student can run a good titration he will 
have no trouble with a colorimeter. It seems to me 
that some brief familiarity with the colorimeter should 
be a part of any course in quantitative analysis. . A 
single good colorimetric determination with proper con- 
sideration of underlying theory and technical sources 
of error might be sufficient. 

The popularization of the spectrophotometer in 
analysis has greatly extended the usefulness of the prin- 
ciple involved. Determinations can be made in the pres- 
ence of extraneous coloring matters that would inter- 
fere with visual comparisons. Accuracy has been im- 
proved and subjective errors of reading removed. Time 
has been saved. Comparisons in the ultraviolet or, of 
colors too faint to be measured with the eye are possible. 
A constant expansion of the application of the spec- 
trophotometer to reactions in biological materials is 
proceeding with no sign of a let up. It has become one 
of our primary tools. It seems to me that the student 
of quantitative analysis should be familiar with the 
principles involved and the possibilities present and 
have enough familiarity with the apparatus used not to 
be afraid of the name spectrophotometer. Spectropho- 
tometers are coming more and more into use in routine 
analyses in hospital laboratories. 

With improvement of instruments for the measure- 
ment of fluorescence, it is probable such measurements, 
because of their delicacy, will find a greatly increased 
use in biology where we are always concerned about 
developing procedures of greater and greater refine- 
ment. 

It seems to me also that some use might be made of 
electrometric methods in volumetric analysis, including 
oxidation-reduction titrations. Oxidation-reduction po- 


‘would be desirable. 
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tentials form, of course, the basis of most of the meta- 
bolic changes occurring in the body. The student 
should also have some familiarity with methods of de- 
termining hydrogen ion concentration. Hydrogen ion 
concentration and its regulation, involving in particular 
the action of buffers, are of fundamental importance in 
biology. Ability to use a glass-electrode pH meter 
Much of this may well be within 
the province of the course in physical chemistry which 
is also now largely required of premedical students. 
Some of these courses, as given to premedical students, 
are abbreviated often at the’ expense of the work on 
ionic solutions, which is of such importance in under- 
standing life processes. Some correlation between 
courses in analytical chemistry and physical chemistry 
on these points would be desirable. 

Manometric and volumetric gas analysis methods 
are also of great importance in biological chemistry. 
The Warburg apparatus is one of our foremost research 


‘tools. The Van Slyke manometric apparatus is widely 


used in blood and tissue analyses of clinical importance. 
Determinations of the carbon dioxide combining power 
of the blood are a routine clinical procedure of great 
value. These methods are either carried out by our 
medical students or demonstrated to them. It would 
be helpful to us if our students had even a little previous 
understanding of the principles of a gas analysis ap- 
paratus of the general type of the Van Slyke instru- 
ment. 

In biological chemistry the widest range of analyti- 
cal procedures is employed. The lazy biochemist is 
likely to prefer quantitative methods that are not 
chemical at all, as in the microbiological estimations of 
amino acids and certain vitamins. In fact, our students 
of medicine run such a test. In some cases, of course, 
bio-assays, using mice or larger animals, are the only 
methods yet available. 

It is obvious that a first course in analysis cannot 
cover the wide variety of methods that the biochemist 
finds it necessary to employ. The student should, how- 
ever, realize what a wide variety of physical and chemi- 
cal principles are utilizable in analytical work. 

The emphasis in biological work on microanalysis of 
blood, etc., suggests also that it would be helpful if the 
student understands to begin with something of the 
special techniques and precautions involved in the re- 
duction of the scale of an analysis. Such reductions in 
scale are, of course, coming into wider use because of the 
saving in space and expense, even where the sample for 
analysis is not limited. Thus, we commonly use micro- 
methods for urine analysis, although macromethods 
give at least as good results. The students should be 
taught something of the use of isotopes as tracers in 
chemical investigations, but I am not sure that the 
course in quantitative analysis is the place for them to 
get it. 

It has been asked whether emphasis in the course 
should be on laboratory practice or the basic principles 
of analytical chemistry. We are, of course, interested 
in the laboratory practice since there is no other course 
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that will give this training to the same degree. The 
basic principles are also of importance not only because 
they underlie the analytical procedures but because 
they furnish a review and amplification of the principles 








of that general chemistry which is so important for an 
understanding of bodily processes. 

As to whether more organic analyses should be in- 
cluded in the course, I do not see that the techniques in- 
volved are sufficiently different to make this a matter of 
importance. We do determine more organic than inor- 
ganic substances, but after all, each organic substance 
presents a special problem. It does not seem wise in a 
first course in analytical chemistry to run through 
methods which are as inexact as many organic analyses 
are. 

After they graduate from medical school a few of 
these students will go into research work in which they 
will personally carry out analyses. These few deserve 
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some consideration in course planning. The great 
number of medical men, even as internes, will not per- 
sonally do any quantitative work. It is, nevertheless, 
important that they should be able to appreciate what 
accuracy they have a right to expect in such analyses 
as their practice requires. They should have some basis 
for a critical view toward the information that is sup- 
plied them and also not expect impossibilities of the 
analyst. They must realize how much time and effort 
certain analyses involve, so that there will be fewer re- 
quests for determinations which do not warrant the 
expense. 

But it is still as a part of the general education of the 
médical man, rather than in the development of any 
knowledge of particular methods, that the value of 
quantitative analysis lies. Something of the quantita- 
tive idea he has gained should persist throughout his 
later work. 


QUANTITATIVE ANALYSIS FOR HOME 


ECONOMICS MAJORS 


Ix constperiNnG the question of what should be in- 
cluded in a course in quantitative analysis for home 
economics majors to be most helpful to these students 
in their future work, let us first of all review the type of 
work which home economists may eventually be doing. 

Not long ago, I came across a summary of a survey of 
occupations of home economists who had graduated 
from a large university between 1940 and 1947. The 
diversity of these occupations as shown in the following 
table is indeed a very good measure of the difficulties 
involved in establishing course requirements for these 
students. 

The “business” group in the above table was in- 
vestigated in somewhat greater detail and it was found 
that these women were employed in_research and 
publicity for food manufacturers or processors and in 
test laboratories or promotion departments for house- 
hold equipment manufacturers, textile manufacturers, 
and soap manufacturers; or they were employed to 
write articles or columns for newspapers, magazines, 
commercial firms, advertising agencies, and radio 
programs; or these women were in their own business. 

The 49 per cent engaged in the occupation of home- 
making probably have the least need for and make the 
least use of courses in quantitative analysis, and there- 
fore they will be excluded from the considerations of 
course content. The remaining 51 per cent of the home 
economists, to my way of thinking, could indeed 
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benefit from taking at Jeast one semester of quantitative 
analysis. 

It seems to me that there are certain fundamental 
principles which should be established in a course in 
quantitative analysis, the outstanding ones of which 
I believe are listed below. 


Precision 

Neatness and orderliness of thought and action. 

Accurate and complete recording of data 

Development of ability to coordinate activities 
so as to carry on two or more operations at one 
time ; 

Ability to work carefully and thoughtfully to 
avoid need for repetition 

6. Ability to evaluate limits of error of methods of 

measurement in terms of eventual use of the 
methods . 


Just how those basic principles can best be taught is in 
part a matter of individual opinion, I suspect, and 
therefore the ideas which follow should be considered 
as the opinions of only one individual. 

To the question, ‘Should the emphasis be on labora- 
tory practice or on the basic principles of analytical 
chemistry?” I would say that for home economists 
the emphasis should be on the basic principles. Cer- 
tainly acquiring or developing habits of precision, 
neatness, accuracy, coordination of various activities, 


a al alt 


or 
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and evaluation of methods of measurements will have a 
far more lasting effect on the student than the ability to 
analyze an ore, or a dime, or a salt correctly. One of 
the abilities which I find to be either lacking completely 
or to exist in a very weak form is that of evaluating 
methods of measurement on a given job. If I may 
jump ahead at this point to the question, namely, 
“Should the course include an introduction to statis- 
tical methods?” I am strongly of the opinion that it 
should, for early in a consideration of statistical methods 
we learn that there are such things as statistical sig- 
nificance, limits of error and soon. Many times I find 
that methods of measurement are used which have 
inherent errors far greater than the variations being 
measured, and usually that is because the person using 
the method has not developed the habit of analyzing 
the problem critically before the work was started. 
An introductory course in analytical chemistry could 
at least serve to make the students aware of the prob- 
lems involved in the selection of proper methods of 
measurements. The course may not, and most likely 
will not, supply to the students the methods which will 
be required for their future work, but I believe that it 


should provide an awareness of the problems with as, 


many examples as possible during the progress of the 
course. Students should be made aware of the fact 
that certain analytical procedures are selected for 
certain materials for specific reasons. This general 
principle can be emphasized time and again throughout 
the course and will indeed be a tremendous help in 
future work. 

The needs for precision, neatness, accuracy, coordina- 
tion of activities, and avoidance of the need for re- 
peating work almost go without saying. I am fre- 
quently surprised and somewhat dismayed at the in- 
ability of some of the college graduates to do more than 
one job at a time. It may, of course, be that they 
are not capable of attending to more than one project 
at a time, or it may be that they just never have realized 
the possibility of conducting two or three or four experi- 
ments simultaneously. The ability to plan work far 
enough ahead so that a long-time standing period on one 
job can be made to coincide with a period of con- 
tinuous attention on a second job is indeed most neces- 





TABLE I 


Summary of Occupations of Home Economists 
(Graduates from 1940-47) 








Percentage 
in 

Job classification classification 
Homemaking 49 
Hospital and Commercial Dietitians 17 
Secondary School Teachers 14 
College and University Staff 4 
Laboratory Research 2 
Laboratory Technicians 4 
Business 2 
Graduate Study 2 
Community Nutritionists 2 
Government Extension 1 
Unknown 3 
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sary and helpful on a job where many projects are 
being carried on simultaneously. And actually, | 
believe that most jobs, except those of routine nature 
such as would be encountered on an assembly line, are 
made up of many small jobs being conducted at one 
time. 

One of the greatest needs, particularly for the home 
economists who go into any type of laboratory work, is 
the ability to keep neat, complete, and accurate records 
of their activities. Many home economists with whom 
I have come in contact just do not know how to keep 
good laboratory notebooks. At this point, let me say 
that of course there are many home economists—and 
particularly those who take at least a minor in chem- 
istry—who keep as neat and accurate notebooks as 
could be desired by even the most particular analyst. 
But I am concerned about the home economists who 
will be working in laboratories and test rooms where 
dated records are a necessity. Those people must be 
taught the importance of adequate records. 

Above all, I believe that analytical chemistry can be 
used as a medium for encouraging students to survey 
their work critically—from an objective viewpoint. 
The process of considering a specific problem—for 
instance the assignment of analyzing a sample of soap— 
can be used as a means of teaching students how to 
figure out what method should be used and to interpret 
the results from the viewpoint of reasonableness of 
answers. More and more home economists should be 
taught to analyze their own data objectively and to 
view critically their own problems. I have observed a 
tendency among some home economists to “feel,” 
“believe,” “be of the opinion” rather than to measure 
their results in definite and well-established ways. 
In this connection I am constantly reminded of the 
statement made by Lord Kelvin to the effect that, 
“Tf you can measure that of which you speak, and can 
express it by a number, you know something of your 
subject; but if you cannot measure it, your knowledge 
is meager and unsatisfactory.”” The more that idea 
can be instilled in the minds of growing scientists the 
better off we will all be in our search for the truth. 

“Should more so-called instrumental techniques be 
introduced? If so, how much theory and how much 
practice, and on what types of apparatus?” This is 
not easy to answer. For girls who are planning to work 
in laboratories and test rooms or in hospitals, or in the 
general fields of nutrition and dietetics, some knowledge 
of the operation of pH meters, recording instruments 
such as Bristol recorders, Micromax temperature re- 


| corders, recording or indicating wattmeters, volt- 


meters, etc., will be exceedingly helpful. Colorimeters, 


' either visual or photoelectric, and reflectometers are 


likewise exceedingly useful in the evaluation of food 
products particularly in determining variations from 
standards, such as degree of browning, strength of coffee, 
and so on. I believe that in an introductory course 


the use of the instruments should be emphasized rather 
than the theory involved. Many of the instruments 
are so involved electrically that the theory would be 
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beyond the students anyway. In addition, many 
measuring instruments can be used satisfactorily with- 
out any knowledge of the theory—as seen frequently 
in manufacturing operations where quality control 


checks’ are made by line operators using very com-- 


plicated electronic instruments. 

The answer to the question, ‘‘How much material on 
the analysis of organic substances should be included?” 
is dependent, I believe, on whether or not the student 
has had any organic chemistry. Frequently analytical 
chemistry is taken directly after a course in general 
chemistry which deals primarily with inorganic mate- 
rials. I believe it would be better to limit the intro- 
ductory course to inorganic materials—and later on, if a 
home economics major finds that a knowledge of quanti- 
tative organic chemistry is desirable, she can take a 
course in food analysis or a more general course in 
organic analysis. 

It is my opinion that the ability to do analytical 
calculations should indeed be stressed. Again, a clear 
understanding of the problem at hand is reflected in 
the ability to present the results in definite values. 
Training in performing the mental gymnastics required 
to carry out the analytical calculations may be painful 
but is a necessary part of the mental discipline which will 
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eventually be required of most people who work for 
their living. Yes, analytical calculations should in- 
deed be stressed in an introductory course in quantita- 
tive analysis. 

The final question, “Fundamentally, what should 
the beginning course in quantitative analysis include in 
order best to train for their future technical work such 
groups of students as chemical engineers, home econom- 
ics majors of diverse interests, premedical students, 
and prospective research chemists?” can be answered 
only in a general way with respect to the home eco- 
nomics majors. Some simple, well-planned experiments 
can be selected to bring out the fundamental principles 
of analytical chemistry as described above. Then, if a 
student so desires, she may continue to elaborate on 
those fundamentals in more advanced courses. I 
believe it would be easier to use gravimetric rather than 
volumetric procedures to illustrate those principles. 
Also, in future work, gravimetric techniques will prob- 
ably be used more than volumetric. I would leave to 
the specific teachers of analytical chemistry the details 
of what materials will be analyzed, but I would en- 
courage the teachers to get across to home economics’ 
students as many of the fundamental principles as 
possible—as early as possible in their scientific training. 


e QUANTITATIVE ANALYSIS FOR PROSPECTIVE INDUSTRIAL 


_ CHEMISTS: 


Te reacnine of analytical chemistry, like that of 
many other subjects, is useful in three ways to the 
prospective industrial chemist: it teaches him how to 
perform some useful operations; it familiarizes the 
student with the potentialities of applications of such 
methods; and it constitutes a good exercise in a rigid 
discipline of scientific reasoning. 

Of these three, the latter is the most important. 
Most young graduates have a smattering knowledge 
of how to perform some operations, but too few have 
reasoned out rigidly the logical steps involved and 
understood the limitations of the over-all process. 


1 An abstract. 
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Regarding quantitative analysis, the elementary part 
of the course should stress tidiness and accuracy. 
Chemistry majors should in addition be well grounded 
in fundamentals, including, for instance, the purifica- 
tion and testing of reagents, calibration of instru- 
ments, and elementary statistics. The field is too large 
to cover completely, and the industrial chemist will 
readily learn on the job the particular field in which 
he will be engaged, provided his college training has 
been truly basic. The student who has been trained 
to think and understand will, in industry, forge ahead 
of his schoolmate who has concentrated on accumula- 
ting factual knowledge. 


AUAMaL 





* QUANTITATIVE 


Te current year has shown an interest in analytical 
chemistry which probably surpasses that of any previ- 
ous equal period of time. One evidence of this concern 
has been the succession of a half-dozen symposia on 
modern methods held in various parts of the country. 
Another indication is the increasing flow of material for 
publication, a trend which finally brought to maturity 


and wide circulation, the periodical Analytical Chemis-_ 


try. 

At this time of high interest in, and great importance 
of quantitative chemical analysis, it seems appropriate 
to survey briefly the present status of such methods in 
order to gain some perspective of where we are and of 
the direction we seem to be going. The alert teacher 
must be concerned with the proper relationship of 
modern analytical knowledge and practice to the con- 
tent of his courses. Many questions arise. What is 
meant by quantitative analysis? What chemistry is 
involved in the procedures, and what kind is it? What 
is the relationship of physics? Is gravimetry the funda- 
mental method of measurement, and is it completely 
general in its possibilities? Or do we need a variety of 
methods of measurement? If it is the latter, what is the 
place of each kind? Then what about automatiza- 
tion —are we just around the corner from the age of 
automatic analysis, as the result of the invention of 
analytical automatons? 

The answers of analysts to these questions, and to 
many others of similar nature, reveal a wide range of 
ideas. On the one hand are the individuals including 
various authors of elementary textbooks, who main- 
tain that the fundamental, if not the only methods are 
gravimetric and titrimetric (volumetric). Any other 
type is calmly ignored, or consigned, with the least pos- 
sible consideration, to the “special’’? compartment. If 
one may be permitted a political analogy, these ana- 
lysts are the conservative northeastern republicans or 
southern democrats, the defenders of the analytical 
status quo. 

On the other hand are the individuals who give the 
impression, at least, that the day of gravimetry and 
titrimetry is rapidly fading, if not already past. These 
analysts are the political radicals (habitat undisclosed, 
for reasons of security), who think that a new day is 
here and that it is time for a change. Some of the en- 
thusiasts verge on irrepressibility. From one direction 
the author has been told that emission spectrometry is 
now of such dominant importance that the elementary 
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course in quantitative analysis should be based on the 
use of such instruments. Just as vigorously came from 
another direction the statement that the advent of ra- 
dioactive isotopes is the panacea for all our analytical 
problems. Such individuals think that it is only a mat- 
ter of time to educate teachers to replace balances and 
burets with either emission spectrometers or isotope- 
responsive gadgets. To each of these enthusiasts the 
author put a question. For the determination of the 
amount of ethanol in the coolant in an automobile ra- 
diator which is preferable, their recommendations, or 
the current practice of using a hydrometer?. The an- 
swer may be formulated from the viewpoint of general 
feasibility, or any other relevant factor. 


CURRENT STATUS 


Before proceeding, it may be well to define some 
terms. Quantitative analysis is the subdivision of 
chemistry which deals with the determination of the 

.amounts of desired constitutents. These constituents, 
of course, are the chemical elements, either as such or in 
combinations or groups of two or more. The methods 
employed must be based upon a knowledge of what 
these constituents are—that is, knowledge yielded by 
qualitative analysis. The latter subject may have to 
include means for determining not only which atoms are 
present and the groupings in which they occur, but also 
how each is oriented with respect to the others. That 
is, the configuration or structure must be known. 

Since the present paper deals with quantitative analy- 
sis no further reference will be made to qualitative 
analysis except to state that the information required for 
characterization of samples may have to be obtained 
with various kinds of modern methods. 

Mention may be made that current practice in many 
analytical and testing laboratories takes one somewhat 
afield from real qualitative and quantitative analysis, 
the means used in determining what is present and/orhow 
much? Such information relates to composition. In 
the industrial application of materials often the most 
important question is what the material will do in serv- 
ice. Although actual performance tests would be the 
final resort, they may not be readily feasible. Many 
kinds of indicative tests are used, such as tensile 
strength and hardness of steel. Long experience has en- 
abled engineers to correlate such data with probable 
performance. As another example, one may want to 
know not only what colorant is used and how much, but 
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also the actual color specification. We shall leave un- 
answered the question as to whether such tests should 
be classified as physics or physical chemistry. Many 
methods used by the analyst find extensive nonanalyti- 
cal applications. 

If we return now to quantitative analysis, current 
practice may be considered in terms of various unit 
operations, a viewpoint adopted for the author’s text- 
book more than a decade ago.'! The present objective 
is to emphasize the chemistry and physics involved. 
In many methods, of course, some steps are largely, or 
entirely, manual or mechanical. 


The Sample 


Although some textbooks would not indicate justi- 
fication for the conclusion, the sample is obviously of 
prime importance in any analysis. Without it, there is 
nothing todo. One or more unit operations concern the 
sample as such, both their number and nature being de- 
pendent upon the character of the material to be han- 
dled. 


Selection And Preparation 


Materials to be analyzed occur in the gas, liquid, and 
solid states. If homogeneity of composition may be 
assumed, the operation of selection is confined to the 
use of suitable mechanical means to get what is needed. 

Heterogeneous material presents too many problems 
to be discussed here. Suffice it to state that important 
operations reach their maximum number with solids, 
and, in addition to selection, they may include drying, 
grinding, mixing, sieving, and storing. 

Little or no chemistry is involved here, except as 
change of composition may occur in the sample. The 
operations are mechanical. 


Since the amount of a desired constituent is finally de- 
termined in relation to the amount of sample taken, 
measurement is a necessary operation at both stages, 
although it may not be the same kind both times. 
Generally, measurement of sample is an obvious part 
of a procedure. Occasionally, as in the use of a hydrom- 
eter in an automobile coolant, there is no evident 
measurement of sample. Closer examination of such 
procedures will reveal that the calibration curve, or the 
reading table or scale used, is based upon prior use of 
known amounts of the desired constituent. 

The two most common sample-measuring operations 
involve the property of mass or volume. Equal-arm 
balances for weighing and volumetric ware for measur- 
ing volumes are very familiar. Both kinds of operation 
are physical. 


Preliminary Treatment 


Getting a sample and measuring it, either directly 
or in the standardization of the method, are two in- 
1Metion, M. G., “Methods of Quantitative Chemical 


Analysis,’’ Macmillan Co., New York, 1937. M. G. Met.on, 
AND D. R. ME.Lon, J. Cuem. Epuc., 14, 365 (1937). 
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dispensable operations. In many cases one may pro- 
ceed at once with the operation of separation and/or 
of measurement of the desired constituent. These 
topics are discussed later. 

With a majority of kinds of samples, however, some- 
thing must be done in preparation for the separation 
and measurement operations. The methods of Wash- 
ington? for the determination of some twenty constit- 
uents in a silicate rock are an excellent example. The 
transformations required to prepare such a material 
for subsequent operations are chemical in nature. 
Some examples will illustrate the problem. 

The rock must first be rendered soluble, through the 
operation of fusion with a flux having suitable properties. 
Next comes dissolution of the fused mass, in this case 
by means of hydrochloric acid. Selection of the best 
solvent presents many problems, with samples ranging 
from naturally occurring organic substances to corro- 
sion-resistant alloys in metallurgy. Familiar trans- 
formations required in the solution obtained are change 
in pH, in the state of oxidation of some constituent, 
and in the condition of complexation. Development 
of a colored system suitable for subsequent measure- 
ment may be the immediate objective of the oxidation- 
reduction or the complexation operations. 

In many analytical methods much, if not all, of the 
chemistry involved in the procedure is found in the 
various kinds of operations included under preliminary 
treatment. 


The Desired Constituent 


Every quantitative chemical analysis has as its final 
objective the determination of the amount of one or 
more desired constituents in the sample. The two 
general operations which concern the desired con- 
stituent are separation and measurement. Each will 
be outlined as a basis for viewing current prospect. 


Separation 


The operation of separation is employed only when 
it is impossible to measure the desired constituent 
in the presence of other components in the system 
to be measured. However, separations are speci- 
fied in so many methods that one is liable to 
think that they are always included. Whether the 
constituent separated is the one actually desired, or the 
one causing interference, depends upon the feasibility 
of subsequent measurement. 

A fine distinction of definition is raised by the ques- 
tion of whether all separative operations may be con- 
sidered as chemical. Thus, the determination of the 
constitutive water in barium chloride dihydrate seems 
to involve a chemical transformation; but if the water 
is hygroscopic in nature, held as a film on the surface 
of sample particles, chemical transformation is not so 
certain. Here the author prefers to use a broad defini- 
tion by designating all separative operations as chemi- 
cal. This means, then, that nearly all which may be 





2 WasHineToN, H. S., “The Chemical Analysis of Rocks,’ 
John Wiley & Sons, New York, 1930. 
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considered as chemical in a quantitative method is 
confined to the operations of preliminary treatment 
and of separation. 

Parenthetically, the author would emphasize that, in 
his opinion, there is not any particular body of chemical 
knowledge which can be isolated and labeled as only 
analytical chemistry. What usually is so set apart 
is merely the collection of reactions of general chem- 
istry which is utilized incidentally for analytical ends. 

The four main kinds of separation widely used are 
distinguished by the nature of the phase transformation 
involved and by the means employed. 

Volatilization. In separation by volatilization the 
operation is based upon the differences in volatility, 
or vapor pressure, under different conditions of the 
various constituents in the sample. In general, the 
phase transformation is from a solid or a liquid to a gas. 
The process and equipment may: be very simple, as in 
the determination of water in the barium chloride di- 
hydrate, which involves heating the salt in a crucible 
at about 300°C. In other cases, such as the analysis 
of petroleum and its products, one uses few pieces of 
equipment more complicated or expensive than the 
best Podbielniak stills. Most current textbooks do 
not give a fair evaluation of the present importance of 
this separative operation. 

In order to render some constituents volatile under 
suitable conditions, or to convert others into nonvolatile 
form, a variety of chemical pretreating operations 
may be used. Examples are discussed by Sacchanen*® 
for work with petroleum. 

Condensation may be considered as the reverse of 
volatilization, in that in this operation one starts with 
the mixture of constituents in the gaseous state. Then 
by carefully controlled cooling the first constituent to 
separate will be the one having the highest liquefaction 
or solidification point. Practically this separative 
approach is much less useful than volatilization. 

Precipitation. Precipitation is one of the best known 
operations of quantitative analysis. The phase trans- 
formation, usually from liquid to solid, is accomplished 
through the formation of an insoluble product, either 
by a chemical reaction or by change in the solvent. 
The product is usually a compound containing the 
desired constituent, although it may be the constituent 
itself. The compound is formed by the reaction of 
the desired constituent with a suitable precipitant. 
In case of precipitation of the desired constituent 
itself, exemplified by selenium, gold, and the platinum 
elements, the precipitant serves to reduce the ion to the 
element. 

Precipitation is possibly the most distinctly chemical 
of all operations commonly used in quantitative analy- 
sis. Here is striking evidence of the artificiality of 
the supposed line of demarcation between organic and 
inorganic chemistry. Organic precipitants are used 
to separate inorganic constituents, and vice versa. 
Which reagent is best in a given case and how the whole 





3 SaccHaNEN, A. N., “The Chemical Constituents of Petro- 
leum,” Reinhold Publishing Corp., New York, 1945. 
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process should be carried out frequently involves factors 
too numerous and complex to be considered in a short 
paper. The uncertainty of the purity of the precipitate 
is one of the most difficult problems in quantitative 
analysis. 

In the author’s opinion, there is no justification for 
the implication of various writers that precipitation is 
inseparably involved with gravimetric methods of 
measurement. Precipitation is a separative operation, 
and as such has no connection with a particular kind of 
measurement, such as gravimetric. 

Electrodeposition. _In separations by electrodeposi- 
tion the chemistry of the operation consists in most 
cases essentially in supplying or removing electrons 
from single-atom ions. ‘This results in the liberation of 
cationic atoms, such as copper, at the cathode, and of 
anionic atoms, such as chlorine, at the anode. In a 
few cases cations are converted to oxides, the best 
known example being the deposition of lead as the di- 
oxide upon the anode. For gravimetric measurement, 
obviously such deposits should be complete, pure, and 
capable of being handled quantitatively. 

For deposition of desired constituents platinum 
electrodes are used almost entirely, either as such for 
cathodes, or plated with silver for anodes for separation 
of the halogens. The mercury cathode can be used for 
determining certain desired constituents, but its pri- 
mary application is for the removal from solution of 
various interfering elements. 


Current application of this method of separation of 


desired constituents, at least on an extensive scale, is 
limited to probably less than a dozen metals. The 
two best examples seem to be copper at the cathode 
and lead at the anode. 

Extraction. The author uses the term extraction in a 
broad sense—in essence a “leaching out”’ of a constit- 
uent through some selective action of a reagent with 
which the sample system is brought into contact, 
frequently after suitable preliminary treatment. Some 
specific examples will illustrate the variety of phenom- 
ena brought together in this group. 

Dissolution is the most common type, exemplified 
by the action of water upon a mixture of sucrose and 
sand. The process is somewhat the reverse of pre- 
cipitation, and, like it, has wide analytical application. 

Absorption is illustrated by the passage of air con- 
taining carbon dioxide through an aqueous solution of 
potassium hydroxide. The carbon dioxide is retained 
by chemical action, with the formation of potassium 
hydrogen carbonate. The removal of oxygen from air 
by contact with yellow phosphorus is a comparable 
process, using a solid absorbent. Volumetric gas 
analysis makes extensive use of such methods. 

Adsorption presumably is a surface phenomenon, 
the constituent adsorbed being condensed upon the 
surface of the adsorbent particles. An example of the 
general type is the adsorption of arsenic and antimony 
by hydrous ferric oxide precipitated in a solution con- 
taining the two elements. In the selective, or colum- 
nar type of adsorption, a solution containing the con- 
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stituent to be adsorbed is allowed to flow slowly down 
through a column packed, with an appropriate ad- 


sorbent. Separation of the two chlorophylls on sucrose 
is an example. Removal of the adsorbates by eluants 
frequently is a part of the operation. 

Ion exchange is, as yet, primarily a preparative, 
rather than a quantitative, separative operation. 
Recent work with the rare earth elements shows prom- 
ise. Better understanding of the exchange process 
may indicate that the method should not be con- 
sidered as a type of extraction. 

Partition involves use of practically immiscible 
solvents having a satisfactory distribution coefficient 
for the constituent to be separated. Probably the 
classic example is the removal of ferric chloride from 


aqueous solution by shaking the system with diethyl 


ether saturated with hydrogen chloride. 


Measurement 


A given sample may or may not require prelimi- 
nary treatment and/or one or more separations prior 
to measurement, but measurement is the final operation 
of every quantitative determination. This operation, 
as such, seems to be entirely physical. In essence, it 
consists in finding the number of times the given unit 
of measurement goes into the unknown to be measured. 

The means of measurement employed, whether of the 
original sample or of something derived from it, is an 
instrument of some kind. Hence, all measurements are 
instrumental. It seems legitimate to extend the defini- 
tion of instrumental enough to include separative 
devices, such as Podbielniak stills. Thus far, unfor- 
tunately, no official group has tried to settle on a defini- 
tion. Current usage abounds in confusion, especially 
in the effort of many writers to have the word include 
some methods but not others. The author believes 
that its implications are strictly general, which makes 
it an inclusive, rather than an exclusive, term. 

Every measurement involves determining the magni- 
tude of some property. Since the system finally meas- 
ured may be a gas, a liquid, or a solid, and since such 
systems often have several properties which may be 
measured, there is a larger number and a greater variety 
in the kinds of measurements possible than in any 
other kind of operation in quantitative analysis. 
Space limitations preclude anything more than an 
outline of a few important kinds of methods. 

Specific Property Methods. In this group are the 
methods in which one measures a property or attribute 
of the desired constituent itself, or of some constituent 
having a known relation to the one desired. Thus, 
one may deposit silver and weigh it as such, or one 
may precipitate the element as silver chloride and 
weigh the compound of known composition. The 
following properties, with an appropriate name for the 
measuring method, are illustrative: 


NEBR ST oe en as cores igs oe ee gravimetry (gravimetric) 
VGHIMIEs tacccas ec eek a Lanes volumimetry (volumetric) 
Pressure... .... .......manometry (manometric) 


Chemical reactivity 


Combining power............. titrimetry (titrimetric) 
Radiation power.............. radiometry (radiometric) 
Combustion power............calorimetry (calorimetric) 


Prior to such measurement, separations often are 
necessary to get the desired constituent sufficiently 
isolated for measurement. 

Systemic Property Methods. In this group are the 
methods in which one measures a property of the 
system containing the desired constituent. Since the 
measured property is not specific for the desired con- 
stituent, it is imperative to know both that the magni- 
tude of the variable quantity is varying only with the 
concentration of this constituent and what the relation- 
ship between the two is. 

Great variation is found here in the necessity for, 
and the kind of, operations preparatory to measure- 
ment. Thus, ethanol in beer must be distilled out 
before densimetric measurement. In contrast, some 
petroleum fractions, consisting of a half-dozen different 
compounds, may be analyzed for each constituent by 
suitable measurement of the infrared absorbancy of the 
composite system. 

The following properties, with an appropriate name 
for the measuring method, are representative: 


BIOUGIOWS. Fie ch. oes oe densimetry (densimetric) 


Optical properties......... colorimetry (colorimetric) 
Electrical properties....... potentiometry (potentiometric) 
Thermal properties........ conductimetry (conductimetric) 
Colligative properties... ... cryimetry (cryimetric) 


THE PROBLEM 


Every progressive organization of any size, using 
materials in which variable chemical composition 
influences quality of the product, employs quantitative 
analytical methods. This practice extends, of course, 
to laboratories of research, of governmental units, of 
public health, and .of similar organizations. The 
various tests and analyses are made by methods of 
which a perspective has just been sketched. 

Much of this work is now so well established on a rou- 
tine basis that tens of thousands of such individual 
determinations are made daily. Even so, many in- 
dividuals and a number of official organizations, such 
as the American Society for Testing Materials and the 
Association of Official Agricultural Chemists, are con- 
stantly trying to improve the procedures. Various 
objectives are in mind, such as increase in speed, reli- 
ability, sensitivity, simplicity, and automaticity, and 
decrease in cost, time, interferences, and personal at- 
tention required. Achievement of any or all of these 
desiderata may result from better equipment, materials, 
instruments, reagents, and over-all knowledge of the 
variable factors involved. 

Along with constant effort to improve the old meth- 
ods goes the search for new and better methuds. 
The rapid and persistent introduction on the market 
of new materials of different compositions generally 
necessitates different methods of analysis. New rea- 
gents and new measuring and other techniques extend 
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the possibilities of solving the problems. These de- 
velopments are so extensive that competent research 
analysts are now in much demand. 


THE PROSPECT 


To return for a moment to the reason for the half- 
dozen recent symposia on modern analytical chemistry, 
one wonders just what has happened, or seems likely 
to happen that would explain this exceptional interest 
in analysis. 

Broadly viewed, a twofold interpretation seems 
possible. Decades of slow, but steady, development 
have brought the methods and their applications to the 
status outlined in the first part of this paper. This 
perspective shows a reasonably sound analytical struc- 
ture, of diverse nature, which provides the chemical 
measuring stick for modern industry and research. 
Some of the instruments, such as the mass spectrom- 
eter, the indicating emission spectrometer, and the 
recording infrared spectrometer, are impressive from 
any viewpoint. 

Predominantly, it seems likely that the current 
interest is attributable to a desire of analysts to see 
or to learn about the new devices and the means used 
in the instrumentation, and to obtain a better under- 
standing of the chemical processes involved. Along 
with this general interest, of course, there is special 
interest in the utility of the devices. Perhaps of as 
much importance, at least from a long-range viewpoint, 
is the desire of alert analysts just to be in touch with 
this general forward movement in analysis. They 
hope to follow the developmental tide and to gain some 
idea of the specific goals toward which it is moving. 
In subsequent sections the author has ventured to 
state what seem to him some of the directions things 
analytical are at present taking. 


Chemistry 


As already stated, the methods of quantitative 
analysis consist basically of a combination of the 
chemistry and of the physics which have been found 
appropriate, under given conditions, for the determina- 
tion of desired constituents. The chemical prospects 
will be considered first. In each case the primary 
basis of consideration is the apparent objective of each 
development. 

Better Materials for Equipment. One of the results 
of chemical progress is the introduction of new or im- 
proved materials. Occasionally such products possess 
properties very desirable for specific purposes, for use 
either as containers for performing reactions, or in meas- 
uring instruments. Thus, certain heat-resisting alloys 
for heating elements, along with zirconia combustion 
tubes and boats, have greatly facilitated the analysis 
of alloy steels. Various improvements in materials 


have provided new means for receiving radiant energy 
in spectrometers. 

Pyrex and Vycor vessels, plastic graduates for 
handling hydrofluoric acid, new glass for pH electrodes, 
and stainless steel filtering crucibles are examples. 
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Better Reagents. Since most chemical transforma- 
tions used in analysis involve reagents in some way, it 
could be predicted that the production of many new 
chemicals would be of analytical significance. Progress 
of this kind has taken several directions. 


(1) For Standards: Calibration of various measur- 
ing apparatus, in terms of its performance, or standard- 
ization of either a single operation or of a complete 
procedure of analysis, often is accomplished most easily 
by means of materials of known composition, referred 
to as standards. 

The best examples of such standards are those sup- 
plied by the National Bureau of Standards. They 
are useful for a variety of purposes. The present list,‘ 
built up over several decades, numbers well toward 
200 items. Of more limited use, but great importance, 
are the petroleum derivatives being prepared through 
cooperation of the American Petroleum Institute and 
carrying certification of the Bureau. 


(2) For Reactions: To get a desired constituent 
ready for measurement may require a variety of 
chemical reactions. As new reagents become available, 
and their utility is demonstrated, recommendations 
for use by analysts may be expected, even though the 
rate of adoption often is disappointingly slow. Some 
examples of such developments will illustrate the trends. 

Preliminary treatment of the sample often involves 
processes such as dissolution with perchloric acid, 
adjustment of the pH of the solution by boiling with 
urea, oxidation of an ion with a periodate, and com- 
plexation with a chelate ring-former of the coordinating 
capacity of 8-hydroxyquinoline or 1,10-phenanthroline. 

The search continues for reagents for making separa- 
tions more easily and effectively. General review is 
impossible here, but a few examples may be cited. 
Diethyloxalate is recommended for certain precipita- 
tions; sulfamic acid facilitates the electrodeposition of 
copper; certain chemical pretreatments makes possible 
group separations by volatilization; some new solvents 
are preferable to older ones for partition extractions; 
new adsorbents and eluants are proposed for columnar 
adsorption separations; and various resins have been 
used recently for ion-exchange separations. 

Occasionally new titrants and end-point indicators 
are proposed, both for simple, well-known measure- 
ments, and for new, more involved procedures. 

In all such chemical processes there is, of course, a 
more or less persistent restudy of old processes with the 
view of extending the application of known reactions. 
Many such processes for various elements were re- 
examined critically during the late war. 


Better Understanding of Chemical Processes. Since 
chemical reactions are employed to effect certain de- 
sired transformations, the better one understands and 
is able thereby to control any variable factors involved, 
the more likely is one to obtain reproducible and gen- 
erally satisfactory results. Various factors may be 





4 National Bureau of Standards, Circular C398. 
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significant, such as the following: pH, time, tempera- 
ture, pressure, stability, concentration, order of use, 
stoichiometricity, and diverse ions. Studies of the 
thiocyanate method for iron and of the 1-naphthyl- 
amine method for nitrite may be cited as examples of 
obtaining a better understanding of the chemistry 
involved in much-used methods.® 


Physics 


The phenomenal developments of the machine age 
during the past few decades have produced profound 
effects on the physical ways and means of doing things 
in quantitative analysis. Barring violent social and 
economic turmoil in the immediate future, continuance 
of such trends seems probable. The inventions and 
improvements arising from human ingenuity are 
apparently endless. 

In general, these changes have involved machines 
and instruments, used for various operations of prepara- 
tion and measurement. As with chemical processes, 
the kinds of changes have been either new applications 
of, or improvements in available equipment, or new 
appliances. Examples in the latter category are the 
centrifugal molecular still and the oscillator titrimeter. 

Some of the objectives and results of these develop- 
ments have been to decrease the cost and skill required 
for individual determinations; to increase the speed, 
reliability, and range of many methods; and to make 
readily feasible determinations previously very difficult, 
if not impossible. 

Brief consideration will be given to some important 
kinds of past developments, and to the general direction 
such activities are now taking. 

General Mechanization. Elimination of the human 
element through mechanization is one of the outstand- 
ing marks of present-day industrial life, especially in 
the United States. Some of the changes in analytical 
equipment have been relatively simple and obvious. 
Others represent entirely new approaches to the 
problems concerned, and the products are impressive 
in their gadgetry. A few examples will illustrate the 
nature of the developments. 

Thus far, relatively simple devices have been made to 
facilitate handling samples. Even so, one who has 
had to do the operations manually appreciates modern 
automatic selectors, and mechanized milling, drilling, 
grinding, and sieving equipment. 

No very important, generally useful gadgets come 
to mind for use in connection with precipitation separa- 
tions. In contrast, although volatilization processes 
go back certainly to the time of the alchemists, recent 
years have brought marked changes, both in refine- 
ments and in innovations. The automatic combustion 
furnace and the robot Podbielniak still are striking 
examples. 

We are probably just at the beginning of the possi- 
bilities of making better separations by electrodeposi- 

5 River, B. F., anp M. G. Metton, Ind. Eng. Chem., Anal. 


Kd., 18, 96 (1946). 
® Woops, J. T., anp M. G. ME ton, tbid., 13, 551 (1941). 
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tion as a result of the invention of equipment for working 
at automatically controlled cathode potentials. The 
Diehl apparatus is now commerically available. At 
least part of the dissolution equipment used for separa- 
tions has had at least semiautomaticity for some time. 
The general possibilities of the wide variety of feasible 
extraction separations seem promising enough that one 
may predict advances in automatization in this direc- 
tion. 

Instrumentation. Although certain preparative and 
separative devices and equipment may be considered 
as a'kind of instrument, the apparatus specifically in 
mind in this section are measuring instruments. Two 
general trends mark the direction of the developments 
which have been taking place during recent decades. 
The momentum of the movement is apparently un- 
diminished. 

(1) Improved Instruments: Improved and new 
materials, refinement in workmanship, and more knowl- 
edge, especially in optics and electronics, have been 
combined to provide instruments often far better than 
those available only a few years ago. In some cases 
the product has largely displaced ‘older means. The 
recent success of the glass electrode pH meter is a good 
example. Unfortunately, some of the valuable new 
equipment is too expensive for many small laboratories. 

Apparatus used in colorimetry and analytical spec- 
trometry provide many illustrations. For absorption 
work in the visual region of the spectrum it seems safe to 
state today that few photographic or visual instru- 
ments are sold, relative to the number equipped with 
photocell receptors. The perfection of the process of 
making fused absorption cells to close tolerances for 
thickness is a small item, but one of much importance 
to the user needing precise results. In at least two 
commercial spectrophotometers the use of two photo- 
cells, with maximum sensitivity in different spectral 
regions, has tripled the wave-length range possible with 
a visual instrument. In these same two instruments 
careful design and fine workmanship enable one to 
obtain the narrowness of spectral band necessary to 
bring out important band structure, something im- 
possible with less-refined instruments. 

Obviously, developments of comparable importance 
may be expected, and found, in other kinds of instru- 
ments. The examples cited are sufficient to show the 
trend. 

(2) Automatization of Instruments: Although.the 
items mentioned in the previous section all mark 
developments, often of much importance, the operation 
of the instruments remains largely manual. In this 
section will be considered progress toward reducing to 
a minimum, or entirely eliminating, the personal or 
manual element. It is, of course, merely another evi- 
dence of the general movement to mechanize and auto- 
matize our daily lives. 

Of the total analytical output of laboratories today, 
only a small percentage of the results is obtained on a 
strictly automatic basis. By this is meant that the 
operator has only at stated intervals to change the 
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record sheet. One such case is the carbon dioxide 
recorder to be seen in many steam power plants. 
With such an instrument the whole analytical pro- 
cedure is automatic. 

Much more common is the instrument which does 
some one operation automatically, such as a furnace for 
burning a sample for carbon and hydrogen, an ex- 
tractor for removing some constituent with a solvent, or 
a titrator. 

For measuring operations, developments toward 
automatization have been proceeding in the directions 
indicated below. Much ingenuity has been shown in 
the design and construction of some of the instruments. 
The author believes that this field marks the most 
spectacular research in quantitative analysis today. 

(a) Indicating Instruments. An indicating in- 
strument is one which shows on a meter scale or chart of 
appropriate form, the magnitude of a property, or the 
amount of a desired constituent. The former possi- 
bility may be all that is feasible, or desired, as with the 
viscosity of a liquid or the reflectance of a textile 
material. 

Even if the amount of a component is desired, 
measurement of the magnitude of some property may 
be necessary first. This is likely to be the case when 
this magnitude is a function of one or more variable 
factors. Such a situation necessitates determining the 
value for a specific set of conditions, or, in other words, 
calibration of the instrument. Thus, the photometric 
scale of the Beckmann spectrophotometer is graduated 
in terms of transmittance and absorbance (optical 
density). Then for analytical use one determines a 
curve coordinating one of these values with concentra- 
tion of desired constituent. Similar working curves 
for other kinds of instruments are well known. 

The alternative to this practice is to have the instru- 
ment so designed and standardized in operation that the 
meter reading gives directly the desired value in terms 
of the desired constituent. This result is achieved, 
for example, in modern pH meters and carbon dioxide 
recorders. 

As noted before, it is necessary that the magnitude of 
the property, in terms of which the desired constituent 
is to be measured, vary only with the concentration of 
this constituent. 

If only the magnitude of a property is indicated, the 
applications may include both specific and systemic 
property methods. Thus, the new projection or 
chain-indicating balances show mass values directly. 
The chain balance, of course, must first be brought 
manually to a predetermined state. of pointer swing. 
Examples of systemic properties have already been 
noted. 

At present perhaps the new emission spectrometers 
are the most notable indicating instruments. 

(b) Recording Instruments. An additional stage 


of automatization is shown in the instruments which 
make ‘*a record of the quantity measured. Some ap- 
paratus is equipped both with an indicating scale, as 
mentioned, and with a recording device. 
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Although such devices record the data in a variety 
of ways, even to perforating graph paper with a suc- 
cession of small holes, most recorders draw a curve 
with a specially designed pen, using either circular or 
strip chart paper. The former has polar coordinate 
rulings and the latter uses linear grid spacing. Meas- 
ured quantities are recorded on the ordinate scale, 
with time, wave length, or other desired value on the 
abscissa scale. Polar charts, as used on carbon dioxide 
recorders, run for some definite period of time, such 
as 24hours. A roll strip chart may run on for relatively 
long periods. 

Such recorders provide both a very convenient and an 
objective means of securing data. Spectrophoto- 
metric curves for colored systems are especially valu- 
able, in that one then has readily obtainable, permanent 
records of the transmissive or reflective characteristics 
of the system for radiant energy. One laboratory is 
said to have more than a half million such recorded 
curves. Charts from carbon dioxide recorders provide 
an hour-to-hour record of the efficiency of the firing 
operation. Curves from a recording polarograph con- 
stitute another good example of similarly obtained 
data. 

(ec) Controlling Instruments. Chemical analysis 
really ends with the recording of the data, unless they 
are not in final form and have to be recalculated. 
Since obtaining the results of analyses provides merely 
information to be used for subsequent ends, ordinarily 
something is done with, or as a result of, the data. 
Thus, if the product is not in a satisfactory state, as 
shown by the measurements, the operator’s job is to 
adjust the process until he achieves this end. Specifi- 
cally, acid or alkali would be added to adjust a process 
solution not having the desired pH. 

Although controlling instruments usually indicate 
or record some value, their distinguishing characteristic 
is the means incorporated to serve as a mechanical 
operator. This item amounts to a self-adjusting device 
which reacts to restore equilibrium at, or close to, a 
predetermined value for the quantity measured. 
Controllers for pH values are excellent examples. 
Whenever the pH of the system exceeds the limits or 
tolerances set, the control device actuates a servo- 
mechanism which is geared to control valves’on con- 
tainers of solutions of acid and of alkali. Opening of 
one or the other of these two valves permits addition 
of the appropriate solution until balance is restored in 
terms of some desired pH. 

Since such process control is essentially engineering. 
nothing further will be stated on the intriguing possi- 
bilities of extending the gadgetry of analytical instru- 
ments in this direction. 

Better Data and Data Calculators. Whether data, 
such as absorbancies, x-ray constants, line spectra, or 
nuclear disintegration rates, are physical or physico- 
chemical, the analyst uses many of a wide variety. 
Chemical and physical research continues to add ex- 
tensively to the already vast collection. The general 
situation here is so well known that nothing further 








NOV 


need 
meni 
give 
sorb: 
mete 
used 
banc 
Bi 
nizai 
the 


Co 
ticid 
nap 
to 4 
use 
ture 
its | 
volvy 
tori 
kno 
mail 

T 
nap! 
invc 
as a 
reac 
peri 
puri 
tica 
ince 
prov 

NM 
proc 
the 
usti 
redt 
a-ni 


1 
2 


stuff 
193. 


3 








iety 
suc. 
irve 
r or 
late 
pas- 
ale, 
the 
cide 
uch 
rely 


[an 
)to- 
ulu- 
ent 
tics 
ris 
led 
ide 
ing 
on- 
1ed 


sis 
1ey 
ed. 
ely 
‘ily 
ta. 

as 


ifi- 


ESS 


ute 
tic 
cal 
ice 








NOVEMBER, 1948 


needs to be stated, except that refinement of instru- 
ments and more meticulous experimentation do slowly 
give more reliable values. . Thus, ordinarily. an ab- 
sorbanecy obtained with a wide band-width spectro- 
meter for a very selective absorber could not safely be 
used with an instrument operating on a very narrow 
band-width. 

Brief mention may be made of the progress in mecha- 
nization for obtaining or using such data. Although 
the versatile and very useful general calculating ma- 
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chine is well known, often particular types of calculators 


are especially valuable for a given purpose. Thus, a 
mechanical integrator facilitates calculation of I.C.I. 
trichromatic coefficients from spectrophotometric 
curves.” Very interesting and useful, especially in 
infrared spectrometry, are the new calculators designed 
to solve about a dozen simultaneous equations. Va- 
rious other devices of this kind are available. 


7 Swank, H. W., anp M. G. ME ton, J. Optical Soc. Am., 27, 
414 (1937); General Electric Co., Pamphlet GEI-17, 100A. 








cS PREPARATION OF ANTU (c-NAPHTHYL- 
THIOUREA) FROM NAPHTHALENE 


Y ConsterABLE interest has been shown in the roden- 


ticide 1-(1-naphthyl)-2-thiourea also known as a- 
naphthylthiourea and abbreviated for common usage 
to ANTU. Much has been written concerning its 
use and effectiveness. However, there is little litera- 
ture available to many of the smaller schools concerning 
its synthesis. The following series of reactions in- 
volve chemicals and reagents common to all labora- 
tories. It is of interest to most students that the well- 
known and cheap chemical, naphthalene, is one of the 
main starting materials. 

The making of the a-nitronaphthalene, the a- 
naphthylamine, and finally the a-naphthylthiourea 
involves few difficulties. These three reactions serve 
as an effective teaching device for three fundamental 
reactions of organic chemistry, and also give the ex- 
perience of using several of the common means of 
purification of compounds. The immediate and prac- 
tical use to which the product can be put creates an 
incentive for carrying out a series of reactions and 
provides a sustaining interest in its progress. 

Modifications of some. of the common chemical 
procedures are used in making the intermediates and 
the final product. The naphthalene is nitrated by the 
usual method!»? and the nitronaphthalene resulting are 
reduced with iron and hydrochloric acid.2» *» 4 The 
a-naphthylamine is then used with ammonium thio- 





1 Wirt, O. N., Chem. Ind., 10, 216 (1887). 

2 TuonrE, J. F, AND R. R. LinsTEap, “The Synthetic Dye- 
stuffs,” 7th ed., Charles Griffin and Company, Ltd., London, 
1933, p. 341. 

’ Wirt, O. N., Chem. Ind., 10, 215 (1887). 
‘ Pau, Angew. Chem., 145 (1897). 
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cyanate in the presence of hydrochloric acid to produce 
the ANTU.® 

The ANTU can be used effectively as a rodenticide 
by mixing 10 g. of the pulverized material with 50 g. 
of powdered sugar, and the resulting mixture blended 
intimately with 400 g. of flour. A little cream or lard 
added to the flour mixture above, sufficient to make a 
paste, produces a bait much more inviting than the 
dry powder. Corn meal, ground meat, or peanut 
butter can be substituted for the flour. Sufficient 
bait should be placed at one time to poison all the rats 
in the area concerned because the rat that is unable 
to get the bait, or very little of it, refrains from taking 
the same bait again. A different base can be used if a 
second set is required. For instance, if flour is used the 
first time, meat can be used the second time. The rat 
seems to suspect the main constituen{ rather than the 
poison. Two milligrams of the a-naphthylthiourea are 
sufficient to killa rat.6 — 


EXPERIMENTAL 


ee 
[) + HNO; 


Sixty ml. of water, 65 ml. of concentrated nitric acid 
(density 1.4), and 130 ml. of concentrated sulfuric acid 


NO, 


190 + H,0 


a-Nitronaphthalene 


Frances 
45 45°-50° 





5 pe CLERMONT, P., AND WEHRLIN, Bul. Soc. Chim., 26, 126 
(1876). 
6 Ricuter, C. P., U. 8. Patent 2,390,848, Dec. 11, 1945. 
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(density 1.8) are mixed in a 500-ml. beaker. This 
nitrating solution is cooled to 40°C. With the aid of a 


mechanical stirrer and with constant stirring, 128 g. 
of finely ground naphthalene are added in small portions 
to the nitrating solution while maintaining a tempera- 
ture of 40° to 45°C. A cold bath is needed to control 
the temperature while adding the naphthalene. This 
bath may then be heated, after the subsiding of the 
vigorous reaction, in order to maintain a temperature of 
45° to 50°C. for the remainder of the reaction time. 
The constantly stirred reaction mixture is held at the 
above-stated temperature for two hours. A higher 
temperature tends to form the dinitro compounds. 
At the end of two hours the reaction mixture is cooled 
and the acid layer decanted from the solidified mass of 
crude a-nitronaphthalene. One and one-half liters of 
water are then added to the a-nitronaphthalene layer, 
and the mixture is boiled and stirred continuously for 
fifteen minutes or more. The water layer is then sepa- 
rated from the a-nitronaphthalene layer by decanta- 
tion. A second wash is made with a liter of water 
which is boiled with the oily layer. After decantation 
of the second wash water, the crude material is cooled, 
broken into small pieces, and allowed to air dry on a 
porous plate or between filter papers. The yield is 
150 to 160 gs. Further purification is unnecessary for 
its use in making the a-naphthylamine. 

If a sample of greater purity is desired, a portion of 
the crude may be transferred to a beaker and warmed 
on a water bath with triple its volume of petroleum 
ether, petroleum naphtha, or gasoline without additives. 
The mixture is filtered by suction. The unchanged 
naphthalene is removed and will be found in the fil- 
trate. The residue is then recrystallized several times 
from ethanol and finally from a large volume of petro- 
leum ether or petroleum naphtha. The a-nitronaph- 
thalene crystallizes in long, pale yellow crystals melting 
at 56.0° to 56.5°C. 


NO, 


Ds 
+ 6[H] 
- 


To a 500-ml. beaker are added 187 g. of iron powder, 
95 ml. of water, and 9 ml. of concentrated hydrochloric 
acid (density 1.2). With the aid of a mechanical 
stirrer and with constant stirring, 140 g. of a-nitro- 
naphthalene are added in small portions to the reducing 
mixture. To start the reaction a little heat may be 
necessary, but as soon as the reaction has begun, a cold 
bath is required to keep the reaction temperature 
within bounds. The temperature throughout the 
reduction is kept at 70° to 80°C. When the last 
portion of the a-nitronaphthalene has been added and 
no further rise in temperature is noted, the reaction is 
finished. A suspension of calcium hydroxide in water 
is added to the mixture until an alkaline reaction is 
obtained. The mass is allowed to cool. It is filtered 


NH, 


=, (Y)+ mo 


a-Naphthylamine ~ 


Fe —. HCl 
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by suction, and the iron residue containing the o. 
naphthylamine is dried in the air on a porous plate or 
between filter papers. 
ferred to a distilling flask and the a-naphthylamine 
distilled under vacuum. The most convenient arrange- 
ment is to have the outlet of the flask containing the 
residue inserted in the neck of a second distillation 
flask, the connection being made by means of a rubber 
stopper. The outlet tube of the receiving flask is 
attached to the vacuum pump. The receiving flask 
is cooled by means of jet of water impinging upon the 
upper surface of the bulb. The water is carried away 
by a funnel supported beneath the receiving flask. 
The a-naphthylamine is distilled over a free flame. 
The crude distillate has an orange color which changes 
near the end of the distillation to a reddish tinge. 
This color is due to a small amount of the dinaphthyl- 
amines present. The crude a-naphthylamine solidi- 
fies, and the cake is dried on a porous plate or between 
filter papers. The yield of the crude a-naphthylamine 
is 70 to 75 g., melting at 43° to 44°C. 

A pure product may be obtained by redistillation 
under vacuum and then several recrystallizations from 
rather large volumes of petroleum naphtha. The 
crystals are snow white needles melting at 48.0° to 
48.5°C. For the production of ANTU the crude 
material is satisfactory. 


H H 


| | 
a ae —H 
+ NHSCN yaa 


EY NH.Cl 
H,O0 


a i: 


In a 500-ml. beaker are placed 14.3 g. of a-naphthyl- 
amine, and 350 ml. of water acidified with 11 ml. of 
concentrated hydrochloric acid (density 1.2). The 
mixture is heated to boiling and this temperature main- 
tained until the solution of the a-naphthylamine is 
effected. In another vessel 9 g. of ammonium thio- 
cyanate is dissolved in 50 ml. of water. This solution 
is then added to the boiling solution of a-naphthyl- 
amine. The mixture is evaporated to dryness on a hot 
plate at moderate temperature or on a water bath. 
The residue is then placed in an oven at 100° to 105°C. 
for three hours or more. The dried substance is then 


»warmed with 50 ml. of water and filtered. The product 


which remains on the filter paper is dissolved in 200 
ml. of boiling ethanol and the hot solution filtered by 
suction. The filtrate is cooled and the crystals of 
a-naphthylthiourea collected in the usual way. A 
yield of 14 to 16 g. of light gray crystals melting at 
190° to 194°C. is obtained. This crude may be used 
for rat poison. 

A fine product may be obtained by several recrystal- 
lizations from ethanol. The recrystallized a-naphthyl- 
thiourea melts at 194°C. This is a slightly lower value 
than previously reported.® 


The hard residue is then trans. j 
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* AN INTRODUCTION TO ELECTROPHORESIS’ 


Tue mMosr important application of electrophoresis at 
the present time is to the analysis.of naturally occurring 
mixtures of colloids, such as proteins, polysaccharides, 
and nucleic acids, and of the products obtained in the 
course of fractions to obtain purified components. 
Electrophoresis often offers the only available method 
for the quantitative analysis of such systems. The 
interpretation of electrophoretic patterns including the 
determination of electrophoretic mobility and the 
analysis of colloid mixtures requires knowledge of the 
theory of moving boundaries to which this article gives 
a brief introduction. 

The Electrophoretic Analysis of Plasma. Human 
and animal plasma and serum and derived proteins 
have been widely studied by electrophoresis (7, 4, 9, 11, 
15). Tiselius (20) showed that the protein called 
serum globulin by earlier workers was in reality made 
up of three proteins identifiable by electrophoresis 
which he named a, 8, and y globulins. Longsworth 
(11) later found that in pH 8.6 sodium diethylbarbi- 
turate (veronal) buffer of 0.10 ionic strength another 
protein appeared which he designated a;. Figure 1 
shows the electrophoretic patterns for a sample of nor- 
mal human plasma in this buffer after 150 minutes at a 
potential gradient of 6.0 volts/em. In addition to 
these globulins, there is albumin, which makes up over 
half of normal human plasma, and fibrinogen, ¢. The 
6 and € boundaries, which remain near the initial bound- 
ary position, do not represent additional components, 
as was originally supposed, so they are ignored in 
analysis. 

Owing to the incomplete resolution of the protein 
peaks, it is necessary to make a more or less arbitrary 
separation in order to determine the area due to a given 
component. This is usually accomplished by con- 
structing Gaussian-shaped curves for each peak such 
that their ordinates at every point add up to give the 
experimental curve. In some cases these curves may 
not be symmetrical because of gradients of pH and 
conductivity within the boundaries, and the proteins 
included in one component are not necessarily homo- 
geneous with respect to size, shape, or isoelectric point. 
If A, is the total area of the electrophoretic pattern 
exclusive of the « boundary in the descending pattern 
or the 6 boundary in the ascending pattern, and A; is the 





1 Part I, Methods and Calculations, was published in August, 
1948, page 426. 
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area of the peak corresponding to one component, the 
percentage of this component in the mixture is 


A; 
% = ye 100 (1) 


The following table gives the relative and absolute 
concentrations of proteins in the plasma of normal 
young male adults as determined by electrophoresis 
in pH 8.6, 0.10 ionic strength sodium diethylbarbiturate 
buffer (5). The plasma was diluted with buffer (1 
volume plasma, 2 volumes buffer) and was then di- 
alyzed against buffer in the cold for two or more days.° 





TABLE I 


Electrophoretic Analysis and Mobilities for Normal 
Human Plasma in 0.10 Ionic Strength Diethylbarbiturate 








Buffer (pH 8.6) 

Relative 

Concen- Mobility, 

tration, cm.? sec.~! 
Component % G./100 ce. voli~! 
Albumin 60.3 4.04 —5.9 X 10-5 
a ;-globulin 4.6 0.31 —5.1 X 10-5 
a globulin 7.2 0.48 —4.1 X 10-5 
6-globulin 12.1 0.81 —2.8 X 1075 
Fibrinogen 5.1 0.34 —2.1 X 10-5 
y-globulin 11.0 0.74 —1.0 X 10-5 





The electrophoretic analysis of plasma varies in a 
marked way in pathological cases (9). Figure 2 





Alb 
€ a, % 
> 
Descenaing Ascenaing 
Figure 1. Electrophoretic Pattern of a Normal Human Plasma in 


0.10 Ionic Strength Diethylbarbit te Buffer of pH 8.6 after 150 


Minutes at 6.0 Volts/Cm. 
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shows the plasma pattern of a patient with multiple 
myeloma.! For more description of the clinical applica- 
tion of electrophoresis, the reader is referred to recent 
reviews (8, 19). 

The areas in the electrophoretic pattern are directly 
-_proportional to the changes in refractive index across 
the boundaries but are not directly proportional to the 
concentrations of the various proteins unless their re- 
fractive index increments are equal and the concentra- 
tion of only the one component changes across a bound- 
ary. One of the purposes of this article is to review 
methods for reducing both of these uncertainties in 
electrophoretic analysis. In order to allow for dif- 
ferences in refractive index increments, the areas in the 
pattern should be divided by the refractive index in- 
crements of the corresponding proteins before calcu- 
lating the percentage composition. The refractive 
index increments for a protein may be defined either as 
the difference between the refractive index of a solution 
containing 1 g. of protein per liter and the pure solvent 
(An/ AW) or the difference for a solution containing 1 
g. of protein nitrogen per liter (An/AN). The refrac- 
tive index increments on a weight of protein basis vary 
less than those on a protein nitrogen basis. For ex- 
ample, An/AW for plasma proteins using D sodium 
light varies from 1.88 X 10-4 for y-globulin to 1.71 
xX 10-4 for B-lipoprotein while An/AN varies from 
1.17 X 10-8 for y-globulin to 4.05 & 10-* for B-lipo- 
protein (2). 

The choice of buffer for the electrophoretic analysis of 
a particular type of mixture is extremely important. 
In the case of human plasma, for example, a:-globulin 
is not resolved from albumin, and y-globulin is not 
resolved from the 6 and ¢ boundaries in pH 7.4, 0.02 M 
sodium phosphate and 0.15 N NaCl buffer. Diethyl- 
barbiturate (veronal) buffer of 0.10 ionic strength at 
pH 8.6 gives perhaps the best resolution for human 
plasma, while horse plasma shows a more satisfactory 
pattern in 0.008 M NaH2PO, to 0.064 M Na,HPO, buf- 
fer at pH 7.7 than in diethylbarbiturate buffer. 

No general statement may be made regarding the op- 
timum protein concentration or the optimum duration 
of the experiment because these depend upon the mo- 





1 This pattern was provided through the courtesy of Dr. P. P. 
Cohen. 
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Figure 2. Electrophoretic Pattern of the Plasma of a Patient with 
Multiple Myeloma in the Same Buffer as Figure 1 
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bilities and relative amounts of the components and 
the question to be decided by the analysis. 

The Ideal Case in the Electrophoresis of Mixtures, 
The methods used above for calculating the relative 
analysis of plasma and the actual concentrations of the 
components assume that the electrophoresis experiment 


has been carried out under what Longsworth (14) has | 


referred to as “ideal” conditions. In the ideal case 
electrophoresis should be carried out with very dilute 
protein solutions in buffers of rather high electrolyte 
concentration so that the conductivity-of the solution 
will be determined almost entirely by the buffer ions 
because of the low mobility and low equivalent con- 
centration of the protein ions.. Thus the buffer ions 
insure throughout the U-tube a uniform pH and a uni- 
form electric field through which the protein ions mi- 
grate. In the electric field the different proteins move 
away from the initial boundary with different velocities, 
each forming a moving boundary in which the protein 
concentration varies from a constant value below the 
boundary to zero above the boundary. In this ideal 
case of electrophoresis the pattern obtained in one limb 
of the U-tube would be exactly a mirror image (enan- 
tiograph) of the pattern from the other limb, and the 
velocities of the protein boundaries would be the same 
in the two limbs. 

In Figures 1 and 2 we may note a number of differ- 
ences between the ascending and descending patterns. 
(1) The distances moved by the protein boundaries 
are greater in the ascending limb than in the descending 
limb. (2) The rising albumin boundary is sharper 
than the descending albumin boundary. (3) The 
area of the 6 boundary is greater than that of the « 
boundary. (4) The areas under any given peak are 
not the same in the ascending and descending patterns, 
although the total areas of the ascending and descending 
patterns including the stationary boundaries are equal. 
These differences are a result of the fact that the con- 
tribution of the protein ions to the conductivity of the 
solution is not negligible and causes small gradients of 
conductivity, pH, and protein concentration across the 
moving boundaries in addition to the gradient of the 
protein constituent which disappears in the boundary. 
Since these effects are of different magnitude in solu- 
tions of different protein concentration and buffer salt 
concentration the apparent analysis of plasma varies 
with both of the latter (/, 16, 18). It has been sug- 
gested that the true composition of a protein mixture 
may be obtained by extrapolation of the apparent com- 
position either to zero protein concentration at con- 
stant ionic strength or to infinite salt concentration at 
constant protein content (14). A useful type of graph 
for this extrapolation is a plot of the apparent analysis 
obtained from the schlieren diagram against the ratio 
of protein concentration (%P) to ionic strength (1). 
Figure 3 shows such plots for three protein mixtures 
which have been studied at several ionic strengths or 
protein concentrations. In each case the apparent 
analysis is the average of those obtained from the as- 
cending and descending patterns. The normal human 
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plasmas were analyzed by Perlmann and Kaufman in 
pH 8.6 diethylbarbiturate buffer with various amounts 
of sodium chloride added to raise the ionic strength 
above 0.10 and at a protein concentration of 1.87% 
(16). The hog serums were analyzed by Svensson in 
0.068 N phosphate buffer of pH 7.7 with various 
amounts of added sodium chloride (17). The synthetic 
mixture of 6-globulin and albumin made up to contain 
65 per cent albumin by refractive index increment was 
analyzed by Armstrong, et al., in pH 8.6 diethylbarbi- 
turate buffers (1). ‘The’ magnitude of the error in 
electrophoretic analysis indicated by Figure 3 suggests 
that in more critical work two or more experiments in 
which either the protein concentration or salt concen- 
tration is varied should be performed so that an extra- 
polation may be made. 

Introduction to the Theory of Moving Boundaries. In 
order to understand the deviations of electrophoretic 
patterns from ideality it is necessary to examine the 
theory of moving boundaries in general. Moving 
boundaries are also used for the determination of the 
mobilities and transference numbers of inorganic ions 
and the basic theory is well developed for simple mix- 
tures. Important additions to the theory of moving 
boundaries have been made recently by Dole (6), 
Longsworth (13, 14), and Svensson (18), and this article 
will serve as an elementary introduction to the theory 
as applied to the electrophoresis of proteins: In order 
to derive the relationship between ion mobility and 
transference number, we must first look a little more 
closely at the physical constant specific conductivity, x. 
Specific conductivity may be defined by equation (2) 


l 
“> (2) 


K 


where R is the resistance in ohms of a column of con- 
ductor of cross-sectional area g and length J. Thus 
the units of specific conductivity are ohm! cm.—'. 
Substituting #/i for R by Ohm’s law 
‘=i (3) 
From this equation we see that specific conductivity 
is the current (in amperes) carried through a 1-cm. cube 
of conductor between two opposite faces differing in 
potential by one volt. In the case of solutions of elec- 
trolytes, the current is equal to the summation of the 
rates of transport of electric charge by the different 
ionic species. If there are C; Faraday equivalents of 
an ion per liter of solution and this ion constituent has 
a mobility of u,; em.? volt~! sec.—!, the electric charge 
carried by the ion through a square centimeter cross- 
sectional area perpendicular to the electric field in one 
second under unit potential gradient is ujC,/1000 equiva- 
lents. In order to obtain the current in amperes 
(coulombs per second) we must multiply by the number 
of coulombs in an equivalent, which is 96,500 (Fara- 
day’s constant). 
__ 96,500 
1000 


‘ 


(uC + uC: +... + UnCn) (4) 





K 





621 

















< 
= 
a 
aa) 
el 
tt 
os 
-_ 
= 
uJ 
a 
a= 
ra 
a. 
<q 
3 1” i ed 
" (@) 10 20 30 
% P 
"op 


Figure 3. Extrapolation of Apparent Electrophoretic Analysis at 
Various Protein Concentrations and Salt Concentrations to ‘‘Ideal 
Conditions” 


Here, n is the total number of different ionic species. 
In writing this equation we adopt a convention which 
is convenient for the discussion of electrolytic solutions, 
and that is, we give the equivalent ionic concentrations 
Ci, C2, C3, ... Cy the sign of the ion so that the product 
Cyu; is always positive and =C, = 0 for an electrically 
neutral solution. 

The transference number of an ion is defined as the 
fraction of the total current carried by that particular 
ion so that 








oo UjCj 
T; * a mC; + uC +- eee a taC'n (5) 
rp, = vibi 
: 1000 
96,500 * 


This equation gives the relation between mobility 
and transference number. The second form of the 
equation is obtained from equation (4). 

The fundamental law in the study of moving bound- 
aries is the moving boundary equation which relates 
the displacement of a separated single boundary and 
the concentrations and transference numbers of the ions 
in the homogeneous solutions on either side.? The 





2 In the case of proteins or other weak electrolytes this equa- 
tion is applicable only in so far as the buffer maintains a constant 


pH. 
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Figure 4. Development of the 
Moving Boundary Equation 


following derivation is given by 'Longsworth (13). 
Consider the boundary, a of Figure 4, between the 
solutions a and 6 that moves against the current, 7, 
through a volume V°* (liters per Faraday) (corrected 
for the electrode reaction) to the position b on passage 
of one Faraday equivalent of electricity. If C;* is the 
equivalent concentration of an anion constituent 7 in 
the solution a and C/ its concentration in the 6 solu- 
tion, the number of equivalents of this species present 
initially in the volume V® is C;*V°* and after the pas- 
sage of the current, C,;°V°°. Moreover, a number of 
equivalents of the 7 ion equal to its transference num- 
ber, 7°, in the 6 solution simultaneously enter this 
volume through the plane at a while 7;* equivalents 
leave through the plane at b. Conservation of mass 
for the j ion in the volume V“* then gives 


Tf — TP = VCS — C;) (6) 


The volume V“* is positive if the boundary moves with 
the current and negative if it moves against the cur- 
rent,*? and the same equation is obtained for a cation 
constituent if C,; is always taken with a sign corre- 
sponding to the charge on the ion. If one ion constit- 
uent is absent on one side of the boundary and may 
therefore be said to disappear in the boundary, equation 
(6) for that ion is: 
T; = V;*6 C; (7) 

This is the usual case encountered with proteins. Sub- 
stituting equation (7) for 7’; in equation (5) and solving 
for u we obtain the following: ; 

V;“8x 
96,500 

1000 


= UjK (8) 


uu; = 


where v, is the volume in cm.* moved through by the 
j boundary per coulomb. This equation is identical 
with equation (8) of Part I. 

The application of equations (7) and (8) may be il- 
lustrated by consideration of a two-salt moving bound- 
ary such as that illustrated in Figure 5 where the initial 
boundary was formed between 0.1 N KIO; and 0.1 
N KCl. In this case the K10; solution is placed in the 
bottom of the U-tube since it is more dense. The Kt 
ion is common to both solutions, and Cl~ is the faster 
(“leading’’) anion and 10,7 is the slower (“indicator’’) 





’ By definition the current flows in the same direction as the 
positive ions. 
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anion. ‘The boundary moved through 5.04 liters (cor- 
rected for electrode reaction) per Faraday at 0°C., and 
so the transference number of the chloride ion is 
To- = V%Cci- = (5.04)(0.1) = 0.504 

To calculate the mobility of the chloride ion at 0°C. 
the specific conductivity of the 0.10 N KCl solution 
must be determined and is 0.007138 ohm—! em.~! 

ee, = 71000 page. (1000) (5.04) (0.007138) 

oe eres (96,500) 


= —37.3 X 1075 cm.? sec.-? volt~! 





The stationary boundary in Figure 5 is a boundary 
between two different concentrations of KIO; and in this 
respect is similar to the e boundary in the electrophore- 
sis of proteins. This salt concentration gradient is a 
consequence of the fact that the KIO; solution behind 
the moving boundary adjusts itself to a lower conduct- 
ance so that the iodate ions (which have a lower mo- 
bility than the chloride ions) will move as rapidly as 
the chloride ions ahead of the boundary. In this case } 
the KIO; solution between the stationary boundary and 
the moving boundary has been analyzed and found to 
have a concentration of 0.0640 N (12). 

In order to discuss this concentration change at the 
position of the initial boundary, it is convenient to in- 
troduce an additional function called the “regulating | 
function,” w, which was discovered by Kohlrausch (7). } 


Cn (9) 


Un 


_G, , C; 
ein ae tee a so 


The very unique property of this quantity is that it 
remains a constant for any given level in the electro- 
phoresis cell regardless of the number of boundaries 
which pass by that level in the cell. This means that 
in the case of a moving boundary, the regulating func- 
tion must have the same value in the two solutions on 
either side of the boundary. If a stationary boundary 
exists, the solutions on either side must have different 
values for the regulating function. It may be shown 
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Figure 5. Determination of the Transference Number and Mobility 
of Chloride Ion Using the Moving Boundary Method 


The final schlieren pattern is shown to the right of the diagrammatic 
representation of the boundaries in the cell. 
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that the ratio of the values of the regulating function 
for the two solutions separated by the stationary bound- 
ary is equal to the ratio of the concentrations across 
the boundary. In the case of constant relative ion 
mobilities, all ionic species are diluted by this same 
factor at the stationary boundary. By constant 


(10) 


relative ion mobilities we mean that the ratios of the 
mobilities of the ions to the mobility of one of the ions 
are the same throughout the electrophoretic cell al- 
though the absolute ion mobilities vary somewhat be- 
cause of differences in salt concentration and viscosity. 
Longsworth and MacInnes (10) have shown that if the 
protein solution is diluted with the un-ionized part of 
the buffer by this factor before electrophoresis, the 6 
and e boundaries disappear because of the equality of 
the regulating functions (10). 

A complete theoretical description of the boundary 
displacements and concentration changes through the 
boundaries could, in principle, be obtained from the 
compositions of the original solutions, the differential 
equations of continuity, the electroneutrality require- 
ment, and a specification of ion mobilities as a function 
of composition. However, because of the interrelation 
of diffusion and electrical migration, only the case of 
three ion species, which is the simplest possible in an 
ordinary electrophoretic experiment, is open to an exact 
mathematical treatment, and then only if the mobilities 
can be regarded as constants. In order to avoid 
mathematical complexity the equations may be de- 
veloped in a form independent of the particular path by 
which an ion concentration changes between phases. 
Dole (6) has recently developed a general solution for 
the moving boundary equation which assumes only that 
the relative ion mobilities are constant. According to 
Dole’s theory, a system that contains n ions will, in 
general, form a maximum of n — 1 boundaries, one of 
which is a stationary boundary. If the system contains 
p anions and q cations, there will generally be p — 1 
boundaries with negative velocities, and g — 1 bound- 
aries with positive velocities. 

Since only relative ion mobilities, 71, r2, ... 1, are 
used in Dole’s theory, it is convenient to define a “‘rela- 
tive specific conductivity,” o, analogous to specific 


Cc = 7,C; + reo + eoe + T2Cn 


conductivity. The Vo products (where V is, as usual, 
the volume moved through by the boundary per Fara- 
day) are obtained as solutions of polynomials of the 
type 

Ot +2 Oe +... + EC = 0 (a) 
The values of x which satisfy this equation, if ordered 
from the extreme negative to the most positive, corre- 
sponds to the Vo products for the boundaries from the 
one with the greatest negative velocity to the one with 
the most positive. 


623 


The concentration changes of each ion species across 
each moving boundary may be obtained from 


(V%8o8) (rz — 1;) 


CP = Gy (V8Be8 — 1) 


Ci“ (12) 
in which r, is the relative mobility of the ion species 
absent in the solution 8. Using the concentrations of 
the various ion species calculated from these equations, 
the analysis which would be obtained for an assumed 
mixture may be computed and compared with the re- 
sult expected for “ideal” electrophoresis. 

A Discussion of the Deviations from Ideality. Al- 
though Dole’s theory is, in general, not strictly appli- 
cable to proteins because of small variations in pH in 
the U-tube, which causes the protein mobilities to vary 
somewhat, the application of this theory to the electro- 
phoresis of a mixture of two proteins illustrates the 
nature and magnitude of the deviations of electro- 
phoresis from the usually assumed “ideal case.” Let 
us consider a mixture containing equal weights of two 
proteins, S and 7’, on the alkaline side of their isoelectric 
points which have relative mobilities of —0.30 and 
—0.15 (relative to the mobility of Na+) and net charges 
of 0.00036 and 0.00018 Faraday equivalents per gram 
of protein. The properties of these proteins correspond 
to those of serum albumin (S) and serum globulin (7). 
Each is present at a concentration of 1 per cent and such 
a solution could represent serum in which the albumin- 
globulin ratio is unity diluted with two or three volumes 
of buffer (14). The buffer in this case is 0.05 N sodium 
diethylbarbiturate at pH 8.6. Figure 6a shows the 
concentrations of the two proteins (S and 7’) and the 
sodium diethylbarbiturate ion (NaV) throughout the 
electrophoretic cell after 0.001 Faraday has been passed 
through the cell. The initial boundary between pro- 
tein solution (below) and the buffer (on top) against 
which it was dialyzed to equilibrium is formed at 0. 
It is noted that on the ascending side the S and T 
boundaries have moved through 4.24 and 2.24 cc., re- 
spectively, while in the descending side the volumes are 
3.95 and 1.90 cc. Figure 6b gives the difference be- 
tween the refractive index, n, of the solution at various 
levels in the electrophoretic cell and the refractive index 
of the buffer, m. The refractive indices were calculated 
by adding up the contributions by the sodium protein- 
ates and the sodium diethylbarbiturate having the con- 
centrations given in Figure 6a. (The refractive index 
increments for the proteins are assumed to be 0.00186 
per 1 g./100 cc. and for the sodium diethylbarbiturate 
0.04055 per equivalent/liter.) Figure 6c is a plot of 
the slope, dn/dz, of Figure 6b against position in the 
cell, and so it is the schlieren diagram which would have 
been obtained in this hypothetical experiment. The 
areas in the schlieren diagram are proportional to the 
refractive index differences between the homogeneous 
solutions on the two sides of the boundaries. 

Since the diethylbarbiturate ion concentration is dif- 
ferent in the various regions of the electrophoretic cell 
while the diethylbarbituric acid concentration is con- 
stant: (14), the pH is not constant in the electrophoretic 





624 


. an 
Conc. Protein A-h<- x 


pH E 


0. | ° 0.002 0.004 


4 
° 
2 





Bb 
re 
S 


S (55.2%) 


T (44.8%) 


Ascending 
i. Te. 


0.000689~ 


BOTTOM 


TOP 


T (48.6%) 


Descending 
30 
fo ° 


S (51.3%) 


3.95 
cc 








BOTTOM 
(a) (6) (c) (d) 


Figure 6. Concentrations and Boundary Displacements for a 
Hypothetical Electrophoretic Experiment with a Solution Containing 
Equal Amounts of Two Proteins, S and T. 


The sodium diethylbarbiturate buffer is of pH 8.6, °/2 = 0.05. (a) Con- 
centrations. The concentration scale for the proteins is at the top and for 
the NaV at the bottom. (b) Refractive index as a function of height in the 
cell. (c) Schlieren pattern, which is refractive index gradient as a function 
of height in the cell. (d) pH and electric field strength (EZ, volts/cm.) 
between the various boundaries. 


cell. The pH of the various phases was calculated from 
the corresponding diethylbarbiturate ion concentrations 
by using the Henderson-Hasselbach equation and is 
tabulated to the right of Figure 6c. It should be 
noticed that the pH of the dialyzed protein solution is 
not the same as the buffer, pH 8.60, but is lower because 
of the Donnan effect. To calculate the pH of the pro- 
tein solution, the first order Donnan theory was used 
to determine the diethylbarbiturate ion concentration 
in the protein solution (Cy-*) from its concentration in 
the buffer (Cy-”). Cp is the protein concentration in 


Cy-* = Cy-7 — 1/.Cp (13) 


equivalents per liter and all the concentrations are 
signed quantities. 

The specific conductivity of the various phases is dif- 
ferent and may be calculated from the concentrations 
of the various ions and their mobilities if the effect of 
the slightly varying viscosity of the phases is ignored. 
When the current is adjusted to give a potential gradi- 
ent of 10 volts/cm. in the protein solution, the potential 
gradients in the other phases will have the values given 
in the last column of Figure 6. This figure will now 
be used to discuss the deviations of the usual electro- 
phoretic analysis from ideality. 

(1) The Buffer and Protein Concentration Bounda- 
ries. The buffer concentration gradient (e) on the de- 


scending side at the position of the initial boundary is a 
boundary between the initial buffer solution (0.05 N) 
above the boundary and a buffer solution of higher con- 
centration below the boundary. The concentration of 
the buffer ‘solution immediately below the « boundary 
is determined by the value of the Kohlrausch regulating 
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function for the protein solution and in this case has a 
concentration of 0.0560 N. In the case’ of constant 
relative ion mobilities the concentration gradients do 
not move with respect to the solvent. However, in 
practice the e« boundary is not stationary but moves 
somewhat under the influence of the current because of 
the volume change taking place at the electrode and the 
differences in buffer ion transport numbers at the two 
concentrations. One of the advantages of diethylbar- 
biturate buffers is that the « boundary moves slowly 
in the opposite direction from the proteins of plasma, so 
that better resolution is obtained between the e bound- 
ary and y globulin. The protein concentration gradi- 
ent (5) on the ascending side is a result of a dilution of 
the protein components and the barbiturate ion at the 
position of the initial boundary. According to Kohl- 
rausch, all the ionic components are diluted by the same 
factor at this boundary, and in this case the dilution 
factor is 0.8831. At the e boundary, the sodium di- 
ethylbarbiturate concentration is 1/0.8831 times greater 
below the boundary than above. 

(2) Volumes Swept through by the Moving Bounda- 
ries. It may be noted that the ascending boundaries 
sweep through larger volumes than the descending 
boundaries. Thus, the ascending S boundary swept 
through 4.24 cc. while the descending S boundary swept 
through 3.95 ce. 


ary and the 6 boundary than it is in the original protein 
solution. As shown by Longsworth and MaclInnes 
(10), the electrophoretic mobility may be determined 
most directly from the volume swept through by the 
descending boundary and the conductivity of the pro- 
tein solution. This gives the correct mobility for the 
faster component (rs; = —0.30), but the mobility cal- 
culated using the conductivity of the original protein 
solution is not quite correct for the slower component 
(rp = —0.145 rather than —0.150). Thus the mobili- 
ties of the globulins and fibrinogen in plasma are sub- 
ject to small errors and may be expected to vary some- 
what with the protein concentration and the relative 
amounts of the various components. The calculation 
of mobilities from ascending patterns is more compli- 
cated (10). 

(3) Areas in the Electrophoretic Pattern. The total 
area of the electrophoretic pattern is the same on both 
sides and is proportional to the refractive index differ- 
ence between the protein solution and buffer. The 
total area is independent of time of electrophoresis pro- 
vided none of the boundaries leave the limb of the cell, 
because 


bottom dn 
a oF dt = ty — (14) 


Since A; > A,, the area of the moving peaks is less in 
the ascending pattern. 

Since our mixture contains equal concentrations of 
two proteins with equal refractive index increments, the 
areas of the two moving peaks in the ideal case would 
be the same and each would correspond to An = 


This is generally true because the | 
field strength is greater between the ascending bound- | 
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().00186. Because of the superimposed barbiturate ion 
and protein gradients, the refractive index change 
across the faster moving boundary is too great in both 
ascending and descending patterns, yielding 55.2% on 
the ascending and 51.3% on the descending for the S 
protein instead of the expected 50%. The nature of 
this error was first discovered by Svensson (18). It 
should be noted that the inverted salt gradients are not 
proportional to the change in protein concentration at 
each boundary expressed in grams per unit volume, but 
are proportional to the change in protein concentration 
expressed in equivalents per unit volume, which will dif- 
fer widely for proteins of widely differing charge. The 
error in the analysis caused by the superimposed gradi- 
ents is less on the descending side. Experiments by 
Armstrong, Budka, and Morrison (1) indicate that the 
experimentally observed deviations are somewhat 
larger than those predicted by Dole’s theory. This er- 
ror in analysis caused by superimposed gradients would 
be reduced by carrying out the experiment at higher 
ionic strength and lower protein concentration, and as 
mentioned above, the correct analysis may be obtained 
by extrapolation. The error becomes more serious if 
buffer ions of higher mobility, as phosphate are used 
(14). Most electrophoretic experiments are carried 
out at 0.10 ionic strength, but this calculation was car- 
ried out for 0.05 ionic strength where the deviations are 
slightly larger and more easily represented graphically. 
When the absolute concentrations of the protein com- 
ponents in a mixture are calculated from the areas of the 
corresponding peaks, assuming that the area is due to 
that protein alone, an error is made because of the 
superimposed buffer and protein gradients. A first 
approximation to the absolute concentration of any 
protein in a mixture may be obtained by multiplying 
the total protein concentration by its relative percent. 
The absolute concentration of any protein in a mixture 
may also be obtained if the apparatus constant K and 
the refractive index increment An/AW of the protein 
are known by using equation (15). If A, is the total 
area of the pattern on the descending side exclusive of 
the « peak and A, is the area of the latter peak (3, 10), 
C= srawe (4: + Gf 4) (15) 

The approximate error of this method for determining 
protein concentration in a mixture may be judged from 
a calculation of the concentration of the 7 protein in 


Figure 6c. 
0.001627 


, 
Cr = 000186 (0.001627 * ,003342 

= 0.945% (true value = 1.000%) 

(4) Shape of the Peaks. None of the present theories 
give quantitative information concerning the shape of 
the peaks in the electrophoretic pattern if there are 
superimposed pH and conductivity gradients. The 
rate of boundary spreading is determined partially by 
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these gradients and partially by diffusion and inhomo- 
geneity of the protein. In Figure 6c the shapes of the 
peaks have been drawn arbitrarily to represent the 
case usually encountered in the electrophoresis of pro- 
teins, that is, the descending peaks are broader and 
shorter than the corresponding ascending peaks. This 
may be explained qualitatively by reference to the po- 
tential gradients in the last column of Figure 6 because 
the electric field strength is greater on the leading edge 
of the descending boundary than on the trailing edge 
so that molecules which are in the leading edge of the 
boundary move more rapidly than those in the trailing 
edge, and the boundary becomes broader than expected 
for diffusion alone (conductivity effect). On the as- 
cending side the situation is reversed so that the bound- 
ary is sharpened. The broadening of the descending 
peaks and the sharpening of the ascending peaks is 
partially compensated by a difference in the pH of the 
solutions on either side of the moving boundary. On 
the descending side, for example, the pH is lower on 
the leading edge of the boundary so that molecules in 
the leading edge have lower mobilities because of the 
lower pH (since they are on the alkaline side of their 
isoelectric points). In some cases the pH effect may 
predominate so that the boundaries are sharper on the 
descending side and broader on the ascending, as in the 
case of the electrophoresis of glutamic acid (14). Asa 
result of the superimposed pH and conductivity gradi- 
ents, the moving protein boundaries may deviate from 
the symmetrical Gaussian shape which would be ex- 
pected if all the spreading were caused by diffusion. 
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® CELLULOSE, GLYCOGEN AND STARCH 


Tue uiaHer molecular weight polysaccharides are 
primarily of interest in the field of plant biochemistry, 
where they occupy a status somewhat analogous to that 
of the proteins in the animal.organism. Rather bela- 
tedly, it has been realized that polysaccharides may 
also have a definite importance in the functioning of the 
animal organism (/), a subject which would seem to 
offer further opportunity for investigation. In this 
review the more important carbohydrates will be con- 
sidered from a functional and mechanistic viewpoint, 
interpreting their properties astheresult of grossmolecu- 
lar shapes and forces rather than of specific chemical 
groups. Thus, glucose is the predominant sugar in 
nature, providing the common building block for such 
typical polysaccharides as cellulose, glycogen, and 
starch. Yet these three substances differ enormously, 
not only with respect to their individual functions in 
nature but likewise in their intrinsic physical and chemi- 
cal properties. These differences must be attributed 
primarily to the shape of their respective molecules, the 
fashion in which the glucose units are built up to give 
the polysaccharide. 

The cellulose molecule (2) is perhaps the simplest 
type of high polymeric carbohydrate, an extended linear 
chain of hundreds of glucose units* connected by nor- 
mal primary chemical linkages (Figure 1). It has been 
difficult to establish the number of glucose units in the 
cellulose molecule, since the methods employed to 
purify, dissolve, and process the cellulose almost cer- 
tainly cause extensive degradation, usually by hydroly- 
tic scission of the B-glucosidic bonds between the glu- 
cose units. From X-ray, osmotic pressure, and vis- 
cosity data, it can only be said that the chain is at least 
two hundred glucose units in length and more probably 
upwards of a thousand units. Celluloses from different 
botanical sources will have different chain lengths, and 
there is undoubtedly a wide spectrum of molecular sizes 
in any one sample. This has been indicated experi- 
mentally by fractional precipitation of cellulose acetate, 
though here again there is some question whether the 





* The term “glucose unit” refers to the basic a-D-glucopyrano- 
side group, CeHo0s. 
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observed heterogeneity is truly representative of the 
original native cellulose or whether it is due to degrada- 
tion during preparation of the acetate. 

Nature has one primary function for such linear chain 
molecules, to lend structural strength to living matter. 
This is accomplished in part by arranging the linear 
molecules in side-by-side fashion, to build up bundles or 
strands having a certain degree of lengthwise strength. 
Thus a “long-fiber” grease puiled apart between the 
fingers will form strands or fibers. But mere linearity 
alone does not provide sufficient strength, since the 
molecules may still slip past one another much too 


easily. Some sort of cementing force between adjacent | 


molecules is necessary. In the cellulose molecule, this 
is supplied by the hundreds of free hydroxy] groups along 
the linear chain, three to each glucose unit. Highly 


polar groups (such as hydroxyl or amine) exhibit a weak [ 
extra-molecular attraction for one another, of the nature 
While the f 


attraction between any two hydroxyl groups is far less | 


of hydrogen bonding or secondary valence. 


than that of a single primary chemical linkage, the 
aggregate associative force of hundreds of hydroxyl 
groups along the cellulose chain may be very consider- 
able. The result is that the molecules of cellulose are 
laid down in a sort of three-dimensional brick wall, the 
attraction between the hydroxyl groups of adjacent 
molecules serving as the ‘‘cement”’ (Figure 2). Indeed, 
these forces of attraction are so strong that when two 
molecules touch, there is something akin to a “zipper” 
action to bring them into complete alignment. Once 
aligned, it is perhaps easier to break the molecules in 
two by hydrolysis than to “un-zipper’” them mechani- 
cally. Thus we may conceive of mechanical hydrolysis, 
the shearing of the cellulose molecule by cutting a piece 
of paper with a scissors. This concept has been sug- 
gested by Staudinger to explain the molecular degrada- 
tion of solid polystyrene by ball milling, and by Cohen 
in connection with the ball milling of proteins, where 
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Figure 2. Linear Alignment of Cellulose Chains. Dots Indicate 
Associative Cross-bonding. 
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peptide splitting, deamination, and scission of disulfide 
bonds are observed. 

Actually, this degree of orientation represents an ideal 
situation which is seldomly encountered in nature—for 
very good reasons. A tree whose cellulose molecules 
were all laid down in this perfectly oriented pattern 
would have tremendous rigidity but no flexibility. 
Consequently, it would shatter in the first strong wind. 
Similarly, a fully oriented cellulose fiber would possess 
great tensile strength but could not be knotted without 
snapping. To provide flexibility, cellulose is partly 
organized and partly amorphous (Figure 3). These 
areas of parallelwise association of chains are termed 
micelles or crystallites. X-ray evidence indicates that 
a single cellulose chain may extend through and inter- 
connect a number of micellar areas. The latter repre- 
sent a truly crystalline state, and the cellulose molecules 
in such a pattern will diffract X-rays to give a spectrum, 
from which can be calculated the distance between the 
linear chains and the periodicity of the repeating glucose 
units. The intensity of the X-ray pattern also indi- 
cates, at least qualitatively, the degree of orientation 
within a particular sample of cellulose. Thus ramie and 
flax exhibit the greatest degree of orientation and 
possess maximum fiber tensile strength. Cotton has 
moderate orientation and wood cellulose least. 

The macrostructure of certain cellulose fibers is such 
that the micelles are arranged lengthwise in the fiber. 
More frequently, the structure appears to be more com- 
plex. With cotton, the strands of crystallites seem to 
be organized into fibrils which twist around the cotton 
fiber at a pitch of 30°, alternate layers being laid down 
in opposite direction (Figure 4). This is in accord 
with the best building practice for sheathing a house, 
where maximum strength is realized by nailing the 
sheathing boards in diagonal fashion on the framing. 
The shrinkage of cotton might be explained as due to 
lateral swelling of the fibrils and consequent shortening 
of the fiber. 

These intermolecular forces have a further important 
effect—they render cellulose insoluble in water. For 
while water can penetrate into the amorphous and dis- 
organized interstices between the micelles and thus 
swell the cellulose to a limited degree, it cannot pry 
apart the chains in those areas where they are arranged in 
side-by-side fashion. - In order to dissolve the micelles, 
it is necessary to use an agent which will associate 
preferentially with the cellulose molecule and satisfy its 
intermolecular forces. For example, cellulose can be 
dissolved in cuprammonium hydroxide or in aqueous 
solutions of the quaternary bases, since these agents 
have a stronger attraction for the hydroxyl groups 
than the latter have for each other. The solvent action 
of the quaternary bases is directly related to the molecu- 
lar volume of the substituent groups (R!, R?, R*, R4), 
the — N—OH acting as the thin edge of an entering 
wedge to split apart the cellulose micelle (3). 

Another device which is employed to minimize the 
associative tendencies of the cellulose chain is partial 
derivatization of the hydroxyl groups, as by the intro- 



























Figure 3. Micellar Organization of Natural Cellulose 


duction of a small proportion of methyl, ethyl, or hy- 
droxyethyl groups. Depending on the degree of substi- 
tution, these products can be dissolved in water or other 
solvent to give clear stable solutions. This effect can- 
not be ascribed to reduction of the hydroxy] content of 
the cellulose since in the case of hydroxyethyl] cellulose 
the number of hydroxyl] groups is identical with that of 
the original cellulose. Hence the substituent ether 
groups must act as irregularities along the cellulose 
chains, interfering with orderly side-by-side alignment, 
much in the same fashion as a faulty “zipper.’’ As 
might be expected, such products do not yield filaments 
of high tensile strength, but they do exhibit good plas- 
ticity and are consequently employed in lacquers and 
coatings. 

In the manufacture of rayon fibers, it is more prac- 
tical to dissolve the cellulose by blocking intermolecular 
association through formation of the xanthate: 


Cellulose ee” 
Na—S/ 


This derivative dissolves to give a viscous solution in 
which the chains arerandomly arranged. The solutionis 
then extruded through spinnerettes into an acid bath 
which splits off the xanthate groups and regenerates 
the cellulose. During the process of spinning and espe- 
cially during subsequent stretching of the filament, the 
cellulose chains are pulled into lengthwise orientation 
and intermolecular association is again established 
(Figure 5), though not in the original micelle pattern of 
the native cellulose. In describing this orientation by 
stretching, S. S. Kistler (4) has used the delightful 
simile of ‘‘.. . orienting a plate of badly confused spa- 
ghetti by pulling it from opposite sides.” 

The substance, glycogen, presents a striking con- 
trast to cellulose. This polysaccharide is obtained from 
the liver of animals, the muscle tissue of certain bi- 
valves, and from such vegetable sources as green sweet 
corn (6). Like cellulose, glycogen is composed of hun- 
dreds of glucose units, though these are polymerized 
through a-glucosidic linkages rather than 6-linkages as 
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Figure 4. Structure of the Cotton Fiber, 
Showing Reverse Winding of Alternate 
Fibril Layers 
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in cellulose. It is readily soluble in water and these 
solutions can be frozen and thawed without insolubiliz- 
ing the glycogen, a treatment which renders many col- 
loidal substances insoluble. No one has ever succeeded 
in spinning fibers from glycogen or from its acetate. 
Nor is it possible to obtain an x-ray pattern from glyco- 
gen; it always seems amorphous and dissociated. While 
glycogen has exactly the same proportion of free hy- 
droxyl groups as cellulose, there is little or no evidence 
of the sort of associative forces which bind together the 
linear chains of cellulose. The facts of the matter are 
that nature has designed glycogen as a reserve food 
depot, not as a structural building material. Conse- 
quently, it has to be readily and immediately available 
to natural enzymes, which are often incapable of digest- 
ing associated polysaccharides. Particularly in the ani- 
mal organism, this feature of immediate availability is 
important, since the liver is rapidly depleted of its gly- 
cogen in response to such stimuli as fear. So we find 
that glycogen has a highly branched or tree-like struc- 
ture (6), composed of perhaps a hundred short linear 
branches, each some 9 to 11 glucose units in length 
(Figure 6). The shape of the molecule is therefore 
roughly globular or spherical, a form which is as incapa- 
ble of any sort of orientation as a bushel of apples. 
Chemical evidence is in accord with this structural 
concept of the glycogen molecule. Its reducing value 


toward copper or ferricyanide is almost negligible, indi- 
cating that the content of terminal aldehyde groups is 


vanishingly small. If glycogen is fully methylated so 
that all free hydroxyls are converted to methoxyl, sub- 
sequent hydrolysis and identification of the resulting 
methylated glucoses give a clue to the original struc- 
ture. Approximately 10 per cent of 2,3,4,6-tetramethyl- 
glucose is formed, derived from the end glucose units 
of each branch, since these have free hydroxy] groups on 
Carbon 4. Hence the average branch length must be 9 
to 11 glucose units. An equivalent amount of the 2,3- 
dimethylglucose is formed from those glucose units 
which participate in branching, showing that the 
branching must take place through the Carbon 6 posi- 
tion (Figure 6). Further evidence for a branched mole- 
cule is afforded by the action of the enzyme $-amylase, 
which attacks the nonaldehydic terminus of an a-gluco- 
pyranose chain, successively splitting off two glucose 
units at a time in the form of maltose. Enzymatic deg- 
radation is halted if a branch point is reached. When 
treated with B-amylase, glycogen yields 47 per cent of 
maltose and 53 per cent of so-called “limit dextrin,” 
the latter representing that portion of the molecule 
protected from enzyme attack behind points of branch- 














Figure 5. Orientation of Cellulose Chains in Rayon Fiber by Length- 
wise Stretching 


JOURNAL OF CHEMICAL EDUCATION 


Next we come to starch, which exhibits certain of the 
properties of both cellulose and glycogen, as well as 
some special peculiarities of its own. Our concepts of 
starch have changed so completely during the past ten 
years that some redefinition of the substance is neces- 
sary. For present purposes, starch may be defined as 
the naturally occurring a-glucopyranoside polymer 
found throughout the vegetable kingdom in the form of 
minute spherulites or granules, insoluble in cold water 
and birefringent under polarized light. As will be 
shown, it is necessary to exclude any reference to blue 
coloration with iodine, though this has heretofore con- 
stituted a standard criterion of starch. Also, it seems 
advisable to exclude those obscure starch-like sub- 
stances which are present in dissolved or amorphous 
form in the plant (particularly in the leaves) and which 
may be the forerunners of granular starch. 

While starch functions as the reserve carbohydrate of 
the germinating seed or tuber, germination is a slow 


process and the ready availability of glycogen is un- } 
Consequently, the starches are organized | 


necessary. 
into discrete granules which are insoluble in cold water. 
The size and shape of the granule are characteristic 
for each kind of starch and a qualified observer can 


usually identify the source of the starch by microscopic | 
Thus potato starch granules are | 


examination (7). 
large (15 to 100 » in diameter) and oval in shape, with 
pronounced “oyster-shell”’ striations. 
smaller (10 to 25 u) and often polygonal, the result of in- 
ternal pressures within the kernel-during development 
of the starch. Tapioca starch is oval and frequently 
truncated or cup-shaped. Many of the starches appear 
to be lamellated, as if formed by accretion of successive 
layers of carbohydrate. It has been reported that 
starches grown in a constant environment (7. e., constant 
light, temperature, and humidity) do not show these 
lamellations, which may therefore represent periodic 
growth rings. In addition, the behavior of starch gran- 
ules toward mechanical crushing or toward cold concen- 
trated acid suggests some sort of radial or ‘‘trichitic’”’ or- 
ganization. So we might consider the granule as a 
spherocrystal, a sort of mismated cross between an on- 
ion and asycamore “button-ball.” In further confirma- 
tion of its spherocrystalline character, the granule shows 
a brilliant Maltese cross birefringence pattern when 
viewed under the crossed Nicols of a polarizing micro- 
scope. This orientation must extend down tothe molecu- 
lar level, since the granular starches all give crystal- 
line X-ray patterns. While the latter differ from that 
of cellulose, they reveal that the molecules themselves 
are organized in side-by-side fashion and must there- 
fore have a certain degree of linearity. 

The synthesis of starch in the plant proceeds through 
a series of reactions: 


CO, + H.O — Glucose — Glucose 1-phosphate — Starch 


The preliminary step in this process—the photochemical 
formation of glucose—is still very obscure, though ef- 
forts are being made to trace its mechanism through the 
use of radioactive C*O,. The glucose is enzymatically 
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Figure 6. Branched Structure of Glycogen, Showing the a-1,6 Branch 
Point. On Methylation, Glucose Residues A, B, and C Yield Dimethyl- 
glucose, Trimethylglucose and Tetramethylgl Respectively. 
Aldehydic Terminus of Branched Molecule Indicated by Asterisk. 
Dotted Portion Indicates Terminal Branches Removed by §-Amylase. 





converted to glucose 1-phosphate and this is then poly- 
merized through the agency of phosphorylase enzyme to 
a linear chain of alpha-linked glucopyranose units 
(Figure 7). This reaction has been duplicated in vitro 
by acting on glucose 1-phosphate with the phosphoryl- 
ase from potato juice in the presence of an activator 
such as starch or glycogen (8). While the mechanisms 
of enzyme actions—either synthetic or degradative— 
are still very obscure, it has been presumed that the en- 
zyme attaches itself to the activator, then coaxes the 
glucose 1-phosphate into position and effects a coupling 
through a-1,4 linkage, with the elimination of phos- 
phate. By successive repetitions of this process, there 
is built up a long linear polysaccharide chain, the so- 
called “synthetic starch” of Hanes. It is soluble when 
first prepared and gives a blue color with iodine, quali- 
tatively identical with that produced by most starches. 
Solutions are unstable and the material flocculates 
spontaneously, this insoluble precipitate giving an X- 
ray spectrum similar to that of granular potato starch. 
Like cellulose, these linear molecules tend to associate 
in parallelwise manner, giving aggregates which are too 
large to remain in solution. However, it should be 
noted that this material differs from cellulose in possess- 
ing only alpha linkages. 

There is a second enzyme system in brain and liver 
tissue which assists in the synthesis of an entirely dif- 
ferent type of polysaccharide. When a linear carbohy- 
drate has been built up to a certain chain length by 
phosphorylase synthesis, this second enzyme appears 
to provoke a point of branching, presumably by attach- 
ing glucose to a Carbon 6 position (9). ~The phosphoryl- 
ase then continues to add glucose to both these ends, 
with occasional branching to produce a tree-like struc- 
ture. This polysaccharide is entirely different from the 
linear “synthetic starch,” since it is relatively stable in 
solutien and yields red or purple colorations with iodine. 
Its properties and structure seem to be more closely re- 
lated to those of glycogen. Indeed, the latter substance 
is probably synthesized in the animal organism by a 
similar joint enzymatic action. 

The normal starches (corn, wheat, potato, tapioca) 
contain both types of polysaccharides, linear and 
branched, seemingly produced concurrently during de- 
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velopment of the starch. It has long been thought that 
these starches contained two different carbohydrate 
substances, and numerous attempts have been made to 
effect their separation. One of the older methods in- 
volves aqueous leaching of partially swollen starch 
granules. While the granule is completely insoluble in 
cold water, it undergoes progressive swelling when 
heated in aqueous suspension beyond the so-called gela- 
tinization temperature of about 60°C. The Maltese 
cross polarization pattern disappears and the granule 
swells five or more times in diameter, giving rise to the 
familiar viscous consistency of a cooked starch paste. A 
small proportion of soluble polysaccharide diffuses from 
the swollen granule into the aqueous substrate. This 
material has a number of characteristics which differ- 
entiate it from the whole starch substance; it yields 
with iodine a blue color four or five times more intense 
than the parent starch, and its solutions show a pro- 
nounced tendency to “retrograde,” a term applied to 
the spontaneous formation of insoluble aggregates. 
This soluble fraction has sometimes been designated as 
the “amylose”; the residue of swollen but undissolved 
granules has been termed the “‘amylopectin.” 

We now know that this method of fractionation is 
very imperfect. Nevertheless, K. H. Meyer and his as- 
sociates have identified the amylose and amylopectin 
fractions as linear and branched types of glucose poly- 
mers, respectively (10). The evidence for these struc- 
tures may be summarized as follows: ‘ 

(1) When subjected to methylation analysis for non- 
aldehydic terminal glucose units, the linear fraction 
gives a yield of 2,3,4,6-tetramethylglucose correspond- 
ing to a chain length of some 300 to 400 glucose units. 
Similar methods applied to the branched component 
indicate a branch length of 25 to 30 glucose units. The 
primary difference between glycogen and the branched 
component of starch is therefore one of branch length. 

(2) Each molecule, whether linear or branched, has 
only one aldehydic terminus. While it is not possible 
to determine the absolute aldehyde content with cer- 
tainty, an approximation can be had from the reducing 
value toward ammoniacal silver oxide. The reducing 
value of the linear component is of the order of 400 glu- 
cose units, coinciding with methylation assay for the op- 
posite nonaldehydic terminus and therefore indicating 
a linear chain. The reducing value of the branched 
fraction is much smaller, equivalent to a molecular size 
of at least a thousand glucose units. 

(3) 6-Amylase converts the linear fraction to sub- 
stantially 100 per cent maltose; hence the linear chain 
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Figure 7. Polymeric a-glucopyranoside Chain of Starch. Aldehydic 
Terminus of Chain Designated by Asterisk. Conventional Numbering 
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presents no structural hindrance to enzyme action. The 
branched fraction gives only 50 per cent maltose, fur- 
ther conversion being blocked by branch points. 

(4) Consistent with its linear character, the acetate 
of the linear component can be fabricated into fibers 
whose tensile strength compares favorably with those of 
cellulose acetate. No such fibers can be formed from the 
acetate of the branched component. 

(5) When a solution of a linear high polymer is 
placed between two concentric cylinders, one of which is 
rotated, the molecules tend to line up in the direction of 
flow. This system then behaves as an optical grating, 
and the extent of molecular alignment can therefore be 
measured by the degree to which the system polarizes 
light. Under these circumstances, the linear fraction is 
readily oriented, while the globular branched component 
exhibits no such alignment. 

In the past few years, a new technique of starch frac- 
tionation (11) has been perfected which yields starch 
fractions of highest purity, without the hydrolytic deg- 
radation or physical changes inherent in earlier methods 
of separation. Briefly, the starch is gelatinized in hot 
water and the paste either boiled or autoclaved to dis- 
solve the swollen granules. Butyl or amyl alcohol is 
then added and the mixture cooled to room tempera- 
ture. The linear component separates as a crystalline 
complex with the alcohol, in the form of microscopic 
needles or beautifully formed six-petaled rosettes. 
These are collected by high-speed supercentrifuging. 


This product may be readily purified by dissolving in 
hot water and cooling in the presence of butyl or amyl 
alcohol. The branched component remains dissolved in 
the mother liquor and is recovered by flocculation with 


excess methyl alcohol. Since the nomenclature of the 
starch fractions has been sadly twisted and confused by 
past misuse, it is preferred to designate the linear and 
branched components merely as the “A-fraction” and 
“B-fraction,”’ respectively. While amy] alcohol is the 
optimum fractionating agent, recent studies have shown 
that selective precipitation of the linear A-fraction can 
be accomplished by any polar organic compound capa- 
ble of hydrogen-bonding. Other effective agents are 
the aliphatic and alicyclic alcohols, the higher fatty 
acids, nitro compounds, esters, ethers, and mercaptans. 

According to this method of fractionation, corn starch 
contains 28 per cent of the linear A-fraction, potato 
starch contains 22 per cent and tapioca 17 per cent. 
There is a sharp contrast between the physical proper- 
ties of these two components. The A-fraction is quite 
soluble in hot water but these solutions are highly un- 
stable. If a 5 per cent solution of the linear corn A- 
fraction is cooled to room temperature, it sets up to a 
rigid irreversible gel, which might be pictured as a sort 
of ‘“‘brush-pile” of interlocking linear molecules. At 
lower concentrations, the A-fraction “retrogrades”’ as an 
insoluble precipitate, representing an orderly crystal- 
line aggregation of linear chains. No amount of reheat- 
ing can liquefy the A-fraction gel or redissolve the pre- 
cipitated aggregates. Only caustic alkali or the quat- 
ernary bases can effect solution. In contrast, the 
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branched B-fraction yields viscous but stable solutions; 
it is this component which is responsible for the tech- 
nologically useful properties of starch as a protective 
colloid and as a sizing agent. 

The two fractions are best characterized by their re- 
actions toward iodine. The linear A-fraction binds io- 
dine as a blue complex; indeed, the familiar blue starch- 
iodine coloration must be attributed entirely to this 
component. The branched B-fraction has little affinity 
for iodine, giving only weak red or violet shades. This 
reaction has been utilized for the quantitative estima- 
tion of A-fraction, either by spectrophotometric evalua- 
tion of the intensity of blue color or by potentiometric 
titration with iodine. Values for the various starches 
are in close agreement with actual yields by precipita- 
tion with amy] alcohol. 

In aqueous solution, the linear A-fraction molecule 
normally assumes an extended position, though prob- 
ably with a certain degree of random kinking. In the 
presence of iodine or such specific precipitants as amy] 
alcohol or fatty acid, the A-fraction presumably coils 
into helical form, with the iodine or alcohol located on 
the inside of the spiral (12). This concept was first 
proposed on purely hypothetical grounds, to explain the 
blue color of the starch-iodine complex. Since the hy- 


droxyl groups would be located on the exterior of sucha | 
helix, the inside surface would be essentially hydrocar- | 
bon in character and the iodine might therefore assume | 


a color approaching that of its solutions in nonpolar hy- 
drocarbon solvents. Recently, R. E. Rundle and his 
associates have shown that the iodine or alcohol com- 
plexes of the linear component give a peculiar type of 


X-ray spectrum, corresponding in molecular spacings to 


an arrangement of closely packed helices. While this 
concept is undoubtedly attractive, it should perhaps be 
regarded with certain reservations, since iodine yields 
blue colorations with such widely diverse substances as 
polyviny] alcohol, basic lanthanum acetate, and benzyl- 
idenephthalide. A 

No one has adequately explained the individual func- 
tions of the two fractions in the plant. While most of 
the common starches contain 15 to 30 per cent of linear 
material, there is a group of so-called waxy or glutinous 
starches which consist entirely of branched polysac- 
charide (13). Chinese waxy rice first attracted atten- 
tion almost a century ago by reason of its red coloration 
with iodine. Subsequently, waxy strains of corn, sor- 
ghum, and other cereals have been discovered. Since 
the waxy characteristic is genetically recessive, it has 
been suggested that these cereals represent a primitive 
variety, largely bred out during centuries of cultivation. 
The waxy starches show much the same gelatinization 
behavior in hot water as do the normal starches. How- 
ever, due to the absence of any linear component, these 
pastes are much clearer and less inclined to retrograde 
than are the normal starches. Consequently, substan- 
tial amounts of waxy maize and sorghum starches are 
being produced in this country, for those uses where 
their higher paste stability is technologically advanta- 
geous. 
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At the other end of the scale, it has recently been 
found that the starch of common wrinkled-seeded gar- 
den peas is composed largely of linear material (14). 
When an aqueous suspension of this pea starch is 
heated, the granules swell only slightly, then become 
completely insoluble without ever forming a viscous 
paste. Given a certain'freedom of motion by the slight 
swelling action, it appears that the linear molecules 
“zipper” together, becoming insoluble and resistant 
against further swelling. A sugary mutant of corn has 
just been reported containing 50 to 65 per cent of lin- 
ear material (15). It has been suggested that the ratio 
of phosphorylase and branch-synthesizing enzymes 
regulates the proportion of linear and branched polysac- 
charides in the plant. It seems plausible that the 
starches of wrinkled pea and sugary corn might be 
produced in the absence of the enzyme responsible for 
branching. However, this proposal does not explain 
how both linear and branched polysaccharides can be 
produced concurrently in the normal starches. 

While the waxy starches and the branched B-frac- 
tion of the normal starches do not exhibit the exag- 
gerated retrogradation of the linear component, it 
would be incorrect to say that they have no associative 
tendencies. In the first place, the granular structure of 
the waxy starches is indistinguishable from that of the 
normal starches. They give the same interference 
cross when viewed under polarized light, and they yield 
an X-ray pattern indicative of side-by-side crystalline 
aggregation. The outer branches of the branched mole- 
cule have an unbroken linearity corresponding to some 
25 to 30 glucose units and these linear segments should 
exercise a certain degree of attraction for one another, 
though naturally of a much lower magnitude than the 
linear fraction. K. H. Meyer has attributed granule 
structure primarily to regions of oriented aggregation 
between the outer branches of adjacent branched mole- 
cules (Figure 8). These so-called ‘fringe micelles’’ are 
believed to provide the coherence which prevents the 
granules from dissolving in cold water. The swelling 
and final dissolution of the granule above the gelatini- 
zation temperature are ascribed to gradual relaxation 
of the associative bonding within these fringe micelles. 
As another instance of aggregation, the branched B- 
fraction is precipitated from solution by a process of 
freezing and thawing. Under certain circumstances, 
this precipitated B-fraction may even exhibit an x-ray 
pattern similar to that of the native starch. It seems 
reasonable to believe that an orderly association of the 
outer branches has been established, through the same 
sort of ‘zipper’ action which is responsible for the 
much stronger association of linear chains. It has been 
suggested that the staling of bread is due to a slow crys- 
tallization of the branched starch component within 
the crumb structure of the bread (16). It has already 
heen mentioned that glycogen cannot be crystallized or 
aggregated, even when its solutions are repeatedly 
frozen and thawed. With a branch length of only 9 to 
11 glucose units, it appears that glycogen is incapable of 
any kind of orderly association. A similar situation is 


Hy 


Figure 8. Schematic Diagram of a Layer of the Starch Granule, 
Showing Association of Adjacent Branched Molecules Through ‘‘Fringe 
Micelles."’ 


encountered with limit dextrin formed by the action of 
B-amylase on the branched starch fraction. Since this 
material has lost its outer linear branches, it shows no 
tendency to associate or become insoluble. 

So there appears to be a close parallel between the 
polysaccharides of the plant and animal organisms. The 
glycogen of green sweet corn disappears as the corn 
matures, with concurrent development of granular 
starch in the kernel. Hence the glycogen mav represent 
merely a temporary storage depot of disaggregated and 
readily available carbohydrate. To complete the par- 
allelism, it will be recalled that Claude Bernard in 1877 
reported the presence in paralyzed muscle tissue of a 
“glycogen” which stained blue with iodine (1/7). It 
would seem that some abnormality in the enzyme sys- 
tem had synthesized a linear starch-like molecule in- 
stead of the highly branched glycogen. 
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THE GENEALOGY OF A CHEMISTRY 
DEPARTMENT 


Some time ago the writer discovered with much 
delight the essay on “Scientific Genealogy’’ presented 
as a Public Lecture in-1935 by the late Professor R. A. 
Gortner when he was holder of the George Fisher 
Baker Non-Resident Lectureship in Chemistry at 
Cornell University (2). The fascinating hobby de- 
scribed in this most interesting lecture led to the tracing 
of the scientific “ancestors” of the members of the 
staff of the Department of Chemistry at McMaster 
University. 

Every scientist has been directly influenced by a 
number of teachers, and each of these has been in- 
fluenced by several teachers, and so on_ back. 
Thus it is an almost endless and impossible task to 
elaborate all one’s “forebears,” instructive and inter- 
esting though this would be. In the main, the pro- 
cedure followed in this work has been to trace the 
“direct line of descent’; the immediate scientific an- 
cestor of an individual is given as the person under 
whom the doctorate was obtained, or, in the absence 
of a doctorate, the person who is believed to have ex- 
erted the greatest scientific influence on the individual 
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in question. The accompanying chart shows that all 
the members of the Department are ‘‘interrelated” 
if the scientific ancestry of those sponsoring the Master's 
degrees of the staff members is also taken into con- 
sideration. 

It is not correct to assume that in all cases the 
professor under whom an individual took his most 
advanced degree is necessarily the one who exerted 
the greatest influence on his scientific work or outlook. 
For example, Professor Harold C. Urey is not shown as a 


scientific ancestor of Dr. H. G. Thode, but it was while [ 
Dr. Thode was studying with Urey at Columbia Univer- f 
sity as a postdoctoral student that he became so attracted ff 
to the fields of mass spectrometry and isotope study | 
that his research and main interests have ever since 
remained in these fields. Professor Urey took his | 
Ph.D. under G. N. Lewis at California, and carried | 
out postdoctoral study with Nils Bohr at Copenhagen. | 

Again, T. W. Richards is shown on the chart as a } 


student of J. P. Cooke, but Richards’ postdoctoral work 
in Europe must have had a very significant influence 
on his subsequent career because ,he studied with 
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Wilhelm Ostwald (1853-1932), Walther Hempel (1851- 
1916), and Victor Meyer (1848-97). Hempel, a noted 
analytical chemist, had, in turn, studied under another 
analytical chemist, Clemens Winkler (1838-1904); 
Winkler had learned much chemistry from his father 
who had been a student of the great Swedish master, 
Jéns Jakob Berzelius (1779-1848). If one traces 
Richards’ ancestry through Victor Meyer, one comes 
upon several more illustrious chemists. Meyer had 
studied with A. W. Hofmann (1818-92) (who had been 
a student of Justus Liebig), with Emil Erlenmeyer 
(1825-1909), and particularly with Robert Wilhelm 
Bunsen (1811-99) whose contributions to physical 
and chemical science are almost unrivalled, e. g., the 
burner and battery and filter pump associated with his 
name, the grease-spot photometer, the ice and vapor 
calorimeters, the thermoregulator, the constant-level 
waterbath, and particularly his work in collaboration 
with Gustav Robert Kirchhoff (1824-87) in inventing 
the spectroscope, founding the science of spectroscopic 
analysis, and discovering the elements cesium and 
rubidium. In addition, Bunsen was an outstanding 
teacher. It is very interesting to note that at one time 


(in 1856) the following men who were to become great 
chemists were in his laboratory as students: J. Volhard 
(remembered for his analytical procedures), Lothar 
Meyer (of the periodic law), F. K. Beilstein (of the 
monumental Handbuch), Adolf. von Baeyer (of the 
indigo synthesis), H. H. Landolt (of the great T'abellen) 


and H. E. Roscoe (of the famous textbook). 

It is fair to assume that Bunsen’s interest in analy- 
tical chemistry was inspired, or at least developed, by 
his teacher Friedrich Stromeyer (1776-1835). Stro- 
meyer was particularly interested in the analysis of 
| minerals; this is understandable because he had him- 
) sclf been a student in Paris of the great analytical and 
| mineralogical chemist Louis Nicolas Vauquelin (1763- 
1829), the discoverer of chromium and beryllium. 
One can thus trace Richards’ scientific ancestry in- 
directly to Vauquelin through Victor Meyer, Bunsen, 
und Stromeyer as well as directly, as shown in the 
chart, through Cooke, Dumas, and Thenard. With 
these names, together with those of Hempel, Winkler, 
and Berzelius, associated with his chemical genealogy, 
Richards could hardly have avoided an interest in the 
procedures of analytical chemistry. 

There are many other interesting relationships that 
are not shown in the chart: Cooke studied under H. V. 
Regnault (1810-78); Chandler studied under Friedrich 
Wohler, and Wohler under Leopold Gmélin (1788- 
1853); Remsen was a student of Jakob Volhard (1834— 
1910), who studied with both Liebig and Bunsen, and 
Liebig studied under J. B. Biot (1774-1862), L. J. 
Thenard, and P. L. Dulong (1745-1838); Tingle 
studied under Ludwig Claisen (1851-1930) (a student of 
Kekulé) and Sir Henry E. Roscoe (1833-1915); Kekulé 
took lectures from J. B. A. Dumas and when Dumas 
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was in Paris he was associated not only with Thenard, 
but also with Berthollet, Gay-Lussac, and Vauquelin; 
Gay-Lussac was influenced by Fourcroy as well as by 
Berthollet. 

Scientific environment has played a very significant 
role in the history of chemistry. Sometimes the part of 
a teacher has been to aid in the full development of the 
latent possibilities of a student already interested in the 
subject; in other cases the influence of a teacher has 
caused a student to undertake the study of chemistry 
in preference to another discipline. One may mention 
in this connection the case of Eilhard Mitscherlich 
(1794-1863) whose fame in chemistry was established 
by his fundamental studies on isomorphism. Gortner 
has pointed out (2) that Mitscherlich entered the 
University of Heidelberg in 1811 to study oriental 
languages, and in 1817, when his thesis comprising a 
study in old Persian philology was almost complete, 
he went to Géttingen to prepare himself further for 
research in the Orient. Here he took a course in 
chemistry from Friedrich Stromeyer, who in this same 
year (1817) discovered cadmium, and it was the in- 
fluence of this professor that caused Mitscherlich to 
abondon oriental studies and to become a chemist. 
(Stromeyer must have been an inspiring teacher; 
a few years after Mitscherlich had studied with him, 
Ferdinand Reich (1799-1882), who was to be one of the’ 
discoverers of indium, came under his tutelage and was 
soon followed in Stromeyer’s laboratory by a young 
man named Bunsen who was to become known to all 
succeeding generations of chemists.) A. W. Hofmann, 
who became a great organic chemist and the founder of 
the aniline dye industry, entered the University of 
Giessen to study law but after coming under the in- 
fluence of Justus Liebig he deserted jurisprudence for 
chemistry. Kekulé matriculated in the University of 
Giessen as a student of architecture but changed his 
field of study to chemistry after attending Liebig’s 
lectures. The early training of Kekulé made it natural 
for him to be interested in the architecture of molecules. 

It is hoped that this little study may induce others 
to become interested in their “scientific ancestry.” It 
may not be as important, but it is almost surely to be as 
interesting, as one’s biological ancestry. The writer 
has secured his information largely from the historical 
works of Moore (3) and Weeks (4), from the paper by 
Bartow (/), from biographical sketches in the chemical 
literature, and, in the case of several contemporaries, 
by means of correspondence. 
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& JOHN WILLIAM MALLET (1832-1912) 


Tue name of John William Mallet (1832-1912) is a 
well-remembered one in American chemistry. Mallet’s 
work in the United States was mainly in analytical 
and consulting fields, in the detailed study of minerals 
and ores, and in determinations of the atomic weights 
of gold, aluminum, and lithium. Less well known, but 
no less important in assessing Mallet’s significance as a 
chemist, was his earlier work in his native Ireland. 

Mallet was born in Dublin, Ireland, on October 10, 
1832. He was the eldest of a family of three boys and 
three girls.1_ His father, Robert Mallet, was a notable 
engineer and a Fellow of the Royal Society. He was 
the inventor of the buckled plate for bridge building, 
- the material used in the construction of London’s 
old Westminister Bridge.? 

The school in Dublin which Mallet first attended was 
a classical one, but once a week a visiting lecturer 
came to talk on physics and chemistry. The visiting 
lecturer, incidentally, was a brother of Samuel Lover, 
the Anglo-Irish novelist. Mallet recalled years later 
that on one visit, the science teacher demonstrated to 
the class the newly invented novelty, the daguerreo- 
type. 

Science may have been but a weekly interlude in 
school work for the young boy, but the gaps in Mallet’s 
scientific education were filled from his father’s large 
library. Apart from his favorite authors, Chaucer and 
Swift, he found on the well-stocked shelves works by 
Black, Lavoisier, Fourcroy, Vauquelin, Davy, Henry, 
and Thomson. As he recalled in later life, he learned 
early that textbook knowledge is but part of the story. 
He realized that there was much to be added to the 
record through experimental work. 

In 1848, the year of the unsuccessful “Young Ireland”’ 
rising in Ireland, Mallet was a student at a course of 
lectures in Dyblin’s Royal College of Surgeons. The 
lecturer was one of the best-known Irish scientists of 
the day, Dr. James Apjohn, now principally remem- 
bered for his work on the determination of the dew- 
point. Later, Mallet received private instruction in 
analytical chemistry in Dr. Apjohn’s laboratory. 

The elder Mallet encouraged the boy in his interest in 
chemistry. He built him a private laboratory at home, 
though we learn that not all the experiments carried out 


1 Ricuarps, T. W., J. Chem. Soc., 1, 750(1913). 

2 Dict. National Biography, XX XV, 429-30. 

8 Remy, D., ‘Three Centuries of Irish Chemists,” Cork 
Univ. Press, Ireland, 1941, p. 21. 
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His Earlier Work in lreland 
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were successful. Mallet, the chemist, when living in 
Virginia, could still show the scar of a phosphorus burn 
from the Dublin laboratory. 

The elder Mallet was extemely interested in the 
construction of guns and cannons of various types, for 
he was an owner of one of the most important Irish 
metal foundries of the time. From this interest in guns 
he naturally turned to the study of various powders. 
Between 1848 and 1850 he conducted a long series of 
experiments on the velocity of shock of gunpowder 
explosions through different materials. 

Young Mallet helped his father in carrying out the 
experiments, all of which were executed on the shores 
of the Irish Sea, at a pretty seaside beach on Killiney 
Bay within an hour’s journey of Dublin‘. From 
these experiments the younger Mallet, too, gained an 
interest in powders and explosives, an interest that was 
to stand him in good stead later when he was chief of 
the ordnance department of the Confederate Army in 
the American Civil War.® 

Another interest of the elder Mallet in which his 
son assisted was in the cataloging and description of 
earthquakes. A catalog of all earthquakes recorded 
from 1606 B.C. to 1842 A.D., under the elder Mallet’s 
name, came to nearly six hundred printed pages.’ 
While the discussion of the material in the catalog was 
the elder Mallet’s, the listing was all the younger 
Mallet’s. The large amount of reading and research 
needed in compiling the material was in itself a valuable 
part of young Mallet’s training. 


John William Mallet entered Trinity College, Dublin, 


as a student in 1849, and in the same year published his 
first scientific paper. It was headed ‘Notice of a new 
chemical examination of Killinite.’”” Killinite was a 
mineral discovered in 1817 near Killiney, County 
Dublin. A general description and chemical analysis 
of the new mineral had already been communicated to 
the Royal Irish Academy. 

Mallet showed that lithium was present to the 
extent of 0.46%, a constituent which had been missed 
in the earlier analysis. Mallet’s analysis of killinite 
was copied in Dana’s Mineralogy, published in 1870. 

‘Less than a year later Mallet published another 


4 Dunninerton, F. P., J. Coem. Epuc., 5, 183-8 (1928). 

5 Ecuoits, W. H., Univ. of Va. Alumni Bull. No. 1 (Jan. 
1913). 

6 Published in Repts. Brit. Assoc. Adv. Sci. (1852-4.) 

7 J. Geol. Soc. Dublin, IV, 142 (1848-50). 
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paper, “On the minerals of the auriferous districts of 
Wicklow.’”® Apart from the valuable list of elements 
which Mallet reported in the gold-bearing sands, the 
paper is of special interest in the light it throws on the 
miniature “gold rush” that took place near Croghan 
Kinshela, in County Wicklow, in 1795. During a 
six-week period river washings had yielded 800 ounces 
of gold in the area, but further searches and excava- 
tions had failed to uncover the source of these deposits. 

In the spring of 1851, Mallet traveled to Géttingen 
and remained in Liebig’s laboratory till the fall. Dur- 
ing the summer months, he took time out for a walking 
trip in the mining district of the Harz Moutains with 
two American fellow students. These were William 8S. 
Clark, later professor of chemistry in Amherst College, 
and N. S. Manross, who later explored the gold regions 
of the Orinoco and was killed in Federal Service at the 
Battle of Sharpsburg. 

On his return to Dublin in the fall Mallet took his 
degree in Trinity College and began what proved to 
be his most important piece of research work before 
crossing the Atlantic. This was a chemical examina- 
tion of representative specimens of the hundreds of 
ancient Celtic ornaments in the Museum of the Royal 
Irish Academy. 

Mallet returned to Géttingen the following year and 
continued his work on the ornaments there. The 
finished work led to the award of the Ph.D. degree to 
Mallet. The report is of particular interest in that it 


‘appears to have been the first attempt to carry out 


detailed chemical examinations of ancient Celtic orna- 
ments. 

This work was more than a mere examination of the 
articles. It was an attempt to relate methods of scien- 
tific analysis to the work of archeologists in dating 
specimens, and to pinpoint the source of the various 
ores used in the antiques. From the point of view of 
Irish history and prehistory, Mallet’s report is of out- 
standing value. 

The report was subsequently published in Dublin,’ 
covering thirty octavo pages. Mallet’s more important 
findings are summarized in the paragraphs following. 

Specimens of what was believed to be Celtic ring 
money, @. é., gold wire bent in the form of rings, ap- 
parently were used as currency, in the opinion of 
Mallet, for he found that all specimens were remarkably 
constant in composition. Mallet found that ornaments 
classed in ancient literature as “pure gold” and “fine 
gold” were graded merely on their color. Chemically 
speaking, they contained as much as 25 per cent silver 
and more than a trace of copper. 

It was a common belief that ancient Irish gold orna- 
ments were fabricated of gold from Irish workings, for it 
was thought that there were considerable gold deposits 
in prehistoric Ireland. From his analytical examina- 
tion of the gold in his ornaments, Mallet came to a dif- 
ferent conclusion. The gold approximated more 





’ Ibid., IV, 142 (1848-50). ; 
* Maurer, J. W., Trans, Roy. Irish Acad., XXII, 313-42 
(1855). 
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closely to imported ores than to any known native de- 
posits. 

Though Irish museums are rich in gold ornaments of 
early Christian times there are remarkably few silver 
articles. Mallet explained this by the fact that silver, 
unlike gold, is rarely found in the native condition, and 
working from its ores is a more difficult process. 

Mallet noted that the large number of bronze items 
which he examined, totaling sixteen in all, varied little 
in composition. This he ascribed to the fact that only 
alloys of copper and tin in rigid proportions would have 
the necessary hardness for weapons and utensils, and so 
the bronzes used would necessarily be accurately com- 
pounded. 

Mallet noted the skill of early metallurgists in vary- 
ing their mixes even within this narrow range. Al- 
though the weapons were made of a hard alloy he 
found that two per cent of the tin had been replaced by 
lead in the more malleable material used in portions of 
an ancient cauldron he examined. 

As in his earlier work on killinite, Mallet again dem- 
onstrated his skill in the detection of small amounts of 
metals. Although no zinc had hitherto been reported in 
Celtic bronzes he detected it in three of the ornaments 
examined. He traced the zinc content to impurities 
present in the original copper. 

Reactions for sulfur, arsenic, and antimony in various 
specimens led Mallet to conclude that the native ores of 
mineral copper, red copper oxide, and malachite were 
not the only ores used. Apparently imported copper 
sulfate and other ores were also in use. 

The value of minute chemical analysis in picking out 
spurious ancient ornaments from a collection was well 
shown by Mallet’s experience with some specimens ex- 
amined. One such object filled the interior of a hollow 
bronze ring about 4 in. in diameter. Tin in elemental 
form was rarely found in ancient ornaments, and so it 
was with some surprise that Mallet noted that the ob- 
ject under test had an inner portion consisting of prac- 
tically pure tin, somewhat coated with oxide from at- 
mospheric exposure. This led Mallet to doubt the an- 
cient character of the ornament as a whole. 

A similar situation resulted when Mallet came to ex- 
amine a fragment of an allegedly ancient metallic basin. 
The material was found to be a bronze alloy containing 
25 per cent of zinc. Such zine alloys had never been 
noted in collections of the period; so Mallet classed the 
fragment as of far more recent origin. 

By the same kind of reasoning Mallet classed certain 
gold ornaments containing lead cores, and spears of in- 
ferior steel, as of recent origin. Metallic lead was rarely 
used in early Celtic alloys, and the ancient Irish, like 
the Scandinavians, though well able to make soft iron 
weapons, were ignorant of steel-making processes. 

Mallet was critical, too, of allegedly ancient speci- 
mens of precious stones he examined. These were 
sapphire, beryl, turquoise, garnet, amethyst, clear rock- 
crystal, and chalcedony. In his opinion only the ar- 
ticles of crystal could be anything but recent. In ex- 
amining colored glass beads he took note of the interest- 
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ing fact that various elements such as cobalt had been 
in use as coloring materials long before the metals them- 
selves had been isolated in a pure form. 

Mallet has many interesting comments on pigments 
in his paper on Celtic antiquities. While the ancient 
Romans almost invariably used white lead the ancient 
Irish secured their opaque whiteness with calcium car- 
bonate. Mallet attributes this to the fact that only 
impure and discolored specimens of white lead were 
available. Apart from this, Mallet noted-a striking 
similarity between the pigments used by both the an- 
cients Celts and Romans. 

Though there was much that was far reaching in Mal- 
let’s report he realized that his survey was far from ex- 
haustive. ‘Conscious of my unfitness for the task,’’ he 
wrote, “I have left the bearings of these results upon 
archeology almost untouched; yet the analyses and ex- 
periments above described are not, perhaps, absolutely 
barren in results of interest, and at least put on record a 
number of facts concerning the materials employed at 
early periods in Ireland for various purposes of the arts, 
which may possibly in some degree assist the researches 
of archeologists.”’ 

By the summer of 1853 Mallet had a number of other 
papers to hisname. These dealt chiefly with the exami- 


e A Smelly Happenstance 

Occasionally a chemical process produces an odorous 
by-product and, of course, all hands are set to work 
immediately to eliminate it. Some odors are quite 
stubborn, and a case in point was the exhaust air from a 
mercaptan dryer. It baffled good chemists and engi- 
neers and even some odor elimination “experts.” 
They scrubbed it with chemicals which should destroy 
any mercaptan. It was treated with ozone, it was 
washed with fuel oil, it was burned in a furnace, all to 
no avail. Then someone suggested placing a condenser 
in the exhaust line and from this a colorless liquid was 
collected which proved to be the trouble-maker. It 
was not a mercaptan as anticipated but was shown to be 
the base, benzothiazole. Then the suppression of the 
bad odor was accomplished readily; the exhaust air 
was passed through 60 per cent H:SO, which fixed the 
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nation of geological specimens.” In that year, he tray- 
eled to the United States at his father’s request to col- 
lect information on the Ericson “caloric engine.” 

He had originally decided on an early return to 
Ireland, but after landing in Boston and visiting New 


York he traveled on to Amherst, Massachusetts, to visit 


his old friend of Géttingen days, W. S. Clark, there 
professor of chemistry at Amherst College. 

He was asked to remain there for a short period and 
give instruction to the students in the French and Ger- 
man languages. A year later he was offered the chair of 
analytical chemistry and accepted the post. Mallet 
never returned to Ireland. From then on his career is 
a part of the story of American rather than Irish science, 
He spent the remainder of his life in the United States, 
though never taking out citizenship papers." 





10 These papers (listed chronologically) were: J. Geol. Soc. 
Dublin, V (1850-53); Phil. Mag., 4, I, 350 (1851); Ann., LXXIX, 
223 (1851); J. Geol. Soc. Dublin, V (1850-53); Ann., LXXXV, 
135 (1853). 


(Analysis of various mineral ores), Berlin, 1853. 

11 For other accounts of Mallet’s life and work see: DuNniNc- 
TON, F. P., Am. Chem. J., I, 9 (1913). 
Am. Biog., XXII, 223. 





base as benzothiazole sulfate. This success ended the 
first act of the drama; the second act opened with, 
“What to do with the by-product, benzothiazole sul- 
fate?” 

The setting for the second act was the research and 
development laboratories. Competent chemists com- 
bined it with other chemicals, and tests were made for a 
variety of uses. The second act also ended with success 
because the by-product emerged as the new peptizer or 
catalytic plasticizer, Pepton 22. This material is now 
very popular in the rubber industry because it cuts 
milling costs and improves the processing qualities of 
natural and GR-S rubber. However, it is almost as 
famous for not doing some bad things as it is for doing 
those good things. It seems that rubber chemicals of 
this type are notorious for their odors and as dermatitis 
producers. Pepton 22 plasticizer is unique in that it is 





RAMMELSBERG, C. F., ‘‘Funftes Supplement zu dem Ff 
Handworterbuch des chemischen Theils der Mineralogie,” f 


VENABLE, F. P., Dict. F 
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neither malodorous nor a skin irritant. In fact, the 
demand for it is now so great that the volume of by- 
product is no longer sufficient, and we are producing it 
from another raw material. 

Another instance of perseverance and perspicacity 
converting a nuisance into a profitable product.—From 
For Instance 


r} Resinography 


When the surface of a solid is examined in minute 
detail many things are discovered which are not ap- 
parent from ordinary observation. Frequently a 
heterogeneous structure is revealed in what appeared 
to be a homogeneous material. This graphical method 
of investigation has been applied for some time to 
metals and minerals and is known as metallography and 
mineralography. The newest branch of this graphic 
technology is resinography. It has wide application 
because synthetic resins get into so many things today. 

Plastics are based on synthetic resins but they are 
widely diversified. Some are transparent solids either 
clear or colored, others are opaque and are available in a 
wide range of colors. The transparent plastics are 
usually colored with dyes. The opaque plastics may 
be very heterogeneous, and they offer a fertile field 
for the resinographer. Chemical analysis tells nothing 
about the manner in which the components are ar- 
ranged in the plastic structure. The structural features 
affect the physical properties of the plastic and often 
determine its performance under conditions of use. 

The resinographer, in determining structure, em- 
ploys some of the techniques of the metallographer. 
He polishes and etches his sample, then examines it 
with the microscope. He locates the pigments which 
impart color and the fillers which give strength. From 
his knowledge of the identifying characteristics he 
knows whether the filler is paper, rags, asbestos, glass 
cloth, wood fiber, or walnut shell flour. In laminated 
plastics he can determine the number and thickness of 
the laminates. He uses some chemical tests, and the 
stage of his microscope can become a tiny chemical 
laboratory. In this synthetic resin age it will be 
apparent that resinographers are not limited to plastics. 
Textiles are made shrink-resistant and water repellent, 
paper is given wet-strength, and adhesives are made 
waterproof by synthetic resins. There seems to be no 
limit to the applications for synthetic resins with con- 
sequent possibilities for resinographic investigation. 
Quite a treatise has been written on this new science of 
resinography.—From For Instance 


8 Polarograph 


A new recording polarograph, called the Polaro- 
Analyzer, has been announced by the Rutherford 
Instrument Co., Washington, D. C. The instrument 
is unique in that the current measuring circuit is 


“virtually undamped.”’ With such a system a recorded 
current-voltage curve corresponds more nearly to the 
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actual variations at the dropping electrode than can be 
obtained with a damped galvanometer or a relatively 
slow response recorder. Thus, half-wave potentials 
obtained with the Polaro-Analyzer show no dependence 
on the rate of change of polarizing potential (in the 
range 0 to 0.8 volt/min.). Furthermore, since the 
recorder follows the current variations during the life 
of a drop (except in the very early stages) the recorded 
peak currents are more nearly the maximum currents 
than can be obtained with damped systems. 


@ A New Instrument 


A new photoelectric fluorometer is announced by the 
Farrand Optical Company of New York. It is said to 
have a wide range of sensitivity selection 100 to 1000 
times greater than similar instruments and to be capa- 
ble of measuring concentrations as low as one part per 
billion in volumes as small as !/2 ec. of fluorescent sub- 
stances. 


Es) Isotope Chart 


A new chart giving the latest data concerning various 
forms or isotopes of the chemical elements, of great 
importance in atomic studies, is being distributed free 
by the General Electric Research Laboratory, Schenec- 
tady 5, New York. 

The new chart, which was prepared by Drs. G. 
Friedlander and M. L. Perlman of the G-E Research 
Laboratory, follows the general pattern of one pre- 
viously devised by Dr. Emilio Segré, of the University 
of California. Printed on heavy paper, 26 X 50 inches, 
it is in the form of a long diagonal checkerboard, divided 
into three overlapping sections to get it on a sheet of 
convenient size. 


2 Mathematical Table 


A 20-page “Table of Coefficients for Obtaining the 
First. Derivative Without Differences’ has been pre- 
pared by the National Bureau of Standards and made 
available as NBS Applied Mathematics, Series 2. It 
may be obtained from the Superintendent of Docu- 
ments, U. S. Government Printing office, Washington 
25, D. C., at 15 cents per copy. 

This table, permitting the calculation of the deriva- 
tive at a point within a tabular interval by a single 
machine operation, will be of value in many fields of 
applied mathematical computation where it is desirable 
to find the derivative of a function that is tabulated 
at uniform intervals. It will be particularly useful in 
the location of maxima and minima, in thermodynamic 
calculations where many functions are found as deriva 
tives of other known functions, and in ballistic compu- 
tations for slopes of trajectories. 


eB Frozen Stoppers 


Henry 8. Wilson, of Louisville Municipal College, 
writes that he has been able to free “frozen’’ glass 
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stoppers by immersing in water for a few hours or days. 
Some who have tried this method may feel that Louis- 
ville water has some special potency, although we are 
told that in extreme cases it must be distilled two or 
three times to do the job! 


we For Young Chemical Engineers 


A good article, entitled “Practical hints for young 
chemical engineers,” is to be found in the June, 1948, 
Canadian Chemistry and Process Industries. This 
paper is one of the outcomes of the very active Division 
of Chemical Education within the Canadian Institute of 


Chemistry. 


& Synthetic Gasoline, Etc. 

Among several worth-while current publications 
issued by the Educational Service of Standard Oil 
Company (New Jersey), 30 Rockefeller Plaza, New 
York 20, are the following of interest to chemists: 
“Gasoline by Synthesis,” ““Natural Gas,” and “Rubber 
from Oil.” 


* Platform Balance 


A triple-beam platform balance of new design, 
featured by stainless steel platform and beams has been 
announced by the Ohaus Scale Company, Newark, New 


Jersey. 


@ New Chinese Periodical 


A short time ago we received the first number of 
Science and Technology in China, published bimonthly 
by the Natural Science Society of China, which will be 
devoted to first-hand reports on developments in the 
fields indicated in the title. It is said to be, in spirit, a 
continuation of Acta Brevia Sinensia, published during 
the war by the Society in cooperation with the British 
Council in China. 


s New Quarterly 


A new periodical reached us recently, Quarterly 
Reviews, published by The Chemical Society (Burling- 
ton House, Piccadilly, London). (Each number is 
composed of articles by recognized authorities on 
selected topics from general, physical, inorganic, and 
organic chemistry. It is intended that each article 
shall be of interest to chemists generally and not only 
to workers in the particular field being reviewed.) 
The first volume met with such success that it is now 
entirely out of print. An increased allocation of 
paper has been made for this periodical in 1948, and a 
limited number of additional subscriptions can be 


accepted. 


@ Silicones , 

A free, 30-page, illustrated bulletin (No. CDR-57) 
describing in detail G-E silicone products has been 
issued by the General Electric Company’s Resin and 
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Insulation Materials Division, Pittsfield, Massachu- 
setts. The bulletin describes the new G-E silicone 
resins, oil, greases, water repellents, and rubber, to- 
gether with their many industrial uses. Charts and 
tables are included for handy reference. 


e Priestley Lectures 


The twenty-second annual Priestley Lectures, spon- 
sored by the Department of Chemistry and the Phi 
Lambda Upsilon Fraternity, at Pennsylvania State 
College, were delivered by Dr. Raymond M. Fuoss. 
The subject was “The Development of Theoretical 
Electrochemistry’’ and they have been published in 
attractive pamphlet form by the college. 


rs New Vitmain D Method 


A new patented method of synthetically producing 
Vitamin D; has been announced by Philips Labora- 
tories, Inc., Irvington-on-Hudson, New York. In the 
new method, invented in 1942 in the Laboratories of the 
Philips Company in the Netherlands, the provitamin 


D, 7-dehydrocholesterol, is produced by the combination 


of a sterol, namely cholesterol, followed by the removal 
of elements of hydrobromic acid and the substitution 


of a double bond at the seven position of the sterol } 


structure. The provitamin so obtained is then con- 


verted into the Vitamin D; by irradiation with ultra- f 


violet light. 


e Change in the International Physical Units in 


Electricity and Optics 


On January 1, 1948, the fundamental international | 


physical units in electricity and in optics changed. 
The electric units of current and resistance are no longer 
based upon the deposition of silver and upon the resist- 
ance of a column of mercury, respectively. 

According to Dr. E. U. Condon, Director of the 
Bureau of Standards, ‘‘The system of electrical units 
designated as “international” has been in use for more 
than 50 years, and the latest adjustment of the units 
was made in 1912. It was then considered more im- 
portant to keep the units as nearly as possible constant 
in magnitude than to make them consistent with the 
fundamental mechanical units. Since that time, how- 
ever, the increasingly close connection between physical 
constants in the various fields has emphasized the 
desirability of using practical electrical units concordant 
with other units, as they were originally intended to be. 
The changes. . .have been agreed upon by national and 
international organizations to accomplish such a 
unification of system of units. 

Photometric measurements involve phychological factors, and 
consequently units and standards in this field cannot be put on 
an absolute physical basis. The system...announced is ad- 
mittedly arbitrary, but it represents a worldwide agreement on 
a practical basis for a set of units not greatly different from those 
already in use in this country. 
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The changes, however, will affect appreciably only 
measurements of high precision. The new “absolute” 
units are derived from the fundamental mechanical 
units of length, mass, and time with the value of the 
permeability of space taken as unity in the egs. system. 

The former units are slightly larger than the now- 
adopted absolute units. For converting to new units 
in the United States, a factor of 1.000495 for resistances 
and 1.00033 for voltages is recommended. The power 
or energy factor is 1.000165 but 1.0002 is sufficiently 
accurate for most purposes. 


The new system of photometric units takes as the primary 
standard a black-body radiator operated at the temperature of 
freezing platinum (2046°K.). The ‘‘candle,” unit of intensity, 
is defined as !/¢ of the intensity of 1 sq. cm. of such a radiator. 
Other units are derived from the candle, with the provision that 
when differences of color are involved, the evaluation shall be 
made by means of standard spectral luminosity factors that have 
been adopted by the International Commission on Illumination 
and the International Committee on Weights and Measures. 
For the types of lamps now in common use, the ratings under 
this new system will be practically the same as those now in effect. 


The relationship between the new absolute units and 
the former international units may be seen from the 
following table: 

1 international ampere......... 0.999835 absolute ampere 

1 international coulomb........ 0.999835 absolute coulomb 

1 international henry........... 1.000495 absolute henries 

1 international farad........... 0.999505 absolute farad 

1 international watt 1.000165 absolute watts 

1 international joule........... 1.000165 absolute joules 


More details may be found in Circular C459 (May 15, 
1947) of the National Bureau of Standards, available 
from the Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, D. C., for 5 
cents. 


@ Underground Solution 


A unique brine system used in soda ash manufacture 
in which the salt is dissolved undergound by water 
piped into caverns of a salt mine is cited as of interest 
in a report by the Office of Technical Services, Depart- 
ment of Commerce. The brine system is operated by 
the Deutsche Solvay Werke at Rheinberg, Germany. 
After the salt is dissolved in the salt mine caverns, the 
saturated brine is pumped through a pipe line up the 
mine shaft and to the plant—a distance of about eight 
kilometers, the report states. 


& Barium Chloride Manufactured Cheaply 
in India 

A process for the manufacture of barium chloride 
from barytes and magnesium chloride has been de- 
veloped at the University Department of Chemical 
Technology, Bombay, India. An important aspect of 
the process is that magnesium chloride, the cheapest 
source of chlorine, is used. 

The method involves the roasting of barytes with 
wood charcoal, powdering the resulting mass and 
heating the pulverized material with 46-47 per cent 
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magnesium chloride solution between 90-100° with 
stirring. 

The process, it is stated, yields at low cost barium 
chloride which,is suitable for the removal of sulfate 
impurities in brine. Sulfur is also obtained as a by- 
product. The commercial possibilities of the process 
are being investigated. 


e A New Term, ““Isosyst’’ 


V. C. Williams, of the Chemical Engineering Depart- 
ment, Northwestern Technological Institute, Evanston, 
Illinois, writes us: 


In this laboratory’s work in phase equilibrium, a concise, 
descriptive, unique word was needed to describe the condition of 
the same composition throughout a given experiment, or to label 
a curve of constant composition. The words, isobar and iso- 
therm, have long been used to label conditions of constant pres- 
sure and constant temperature, respectively, but no such apt or 
concise word exists to replace the cumbersome and verbiose 
“state of constant composition.” 

Thus, for vapor-liquid equilibria, temperature may be plotted 
versus composition for various isobaric conditions and, similarly, 
pressure versus composition along isotherms. The third condi- 
tion, pressure versus temperature, is plotted for ‘envelopes of 
constant or the same composition” as a parameter. The word, 
‘“Ssosyst,”’ (from Greek iso = equal, systasis = composition) is 
proposed to designate a state of equal or the same composition. 


Fe) Radium 


The pictures shown herewith were contributed by 
Dr. Wilhelm Prandtl, of Munich, and were taken in the 
laboratory there in 1933, when Hénigschmid was deter- 
mining the atomic weight of radium. The exposures 
were made in a darkened room by means of the light 
emitted by three grams of radium (as bromide). The 
upper picture shows the salt in a desiccator, whose 
glass had been deeply browned by the emanation. 
The illumination in the lower picture was provided by 
placing the quartz glass tube containing the radium 
bromide in front of the poster. 





““ ‘TENTH SUMMER CONFERENCE 


University of Maine, Orono, Maine 
August 23-28, 1948 


The Tenth Annual Summer Conference of the New 
England Association of Chemistry Teachers was held 
at the University of Maine during the week of August 
22, with 199 registrants. Of these 79 were members 
previously, 26 new members joined the Association, and 
%4 were nonmembers and guests. It is gratifying to 
note that each year the Summer Conferences have at- 
tracted an increasingly large number of both high- 
school and college teachers from outside of New 
England. This year 55 registrants came from eight 
states outside New England and from Canada. 

Authors of papers presented included: Charles A. 
Kraus, Brown University, ‘“What’s the Matter with 
Education. at the College Level?’’; James Stokeley, 
General Electric Company, ‘Atomic Artillery”; John 


W. Irvine, Jr., Massachusetts Institute of Technology, 
“Uses of Tracer Isotopes”; Albert C. Walker, Bell Tele- 
phone Laboratories, “Growth of Crystals’; Leslie F. 
Nims, Brookhaven Natural Laboratory and Yale Uni- 


versity, “The Brookhaven National Laboratory”; 
Laurence L. Quill, Michigan State College, ‘““The Newly 
Discovered Elements and Their Places in the Periodic 
Table”; John E. Cavelti, Allegheny College, ““Has In- 
organic Chemistry Been Neglected?”; Mary L. Sherrill, 
Mt. Holyoke College, “The Anti-Malarial Drug Pro- 
gram and Recent Syntheses of Effective Drugs’; 
Morris Meister, Bronx High School of Science, ‘““The 
Early Identification of Science-Talented Youth for 
Chemistry as a Profession”; James S. Coles, Brown 


University, “The Proposed Chemistry Curriculum at . 


Brown University,”; Samuel Glasstone, Boston Col- 
lege, ‘Reaction Rates and Catalysis”; Frederic T. 
Martin, University of Maine, ‘Lecture Experiments in 
General Chemistry”; John L. Parsons, Hollingsworth 
and Whitney Co., “Some Interesting Facts About 
Paper’; and Monroe Bahnsen, Ferro Enamel Corpora- 
tion, “Porcelain Enamel.’ 

Two very successful symposia were held on (1) ‘““Nu- 
cleonics in High-School and College Chemistry Courses,”’ 
John C. Hogg, Phillips Exeter Academy, Chairman; 
(2) “Correlation of High-School and College Chemistry 
Courses,” Dorothy W. Gifford, Lincoln School, Chair- 
man. The following participated: (a) “What I Wish I 
Could Count On,” William F. Ehret, New York Uni- 
versity, Stuart R. Brinkley, Yale University, and 
Frederic B. Dutton, Michigan State College; (b) “(Why 


Do You Repeat So Much,” John C. Hogg, Phillips 
Exeter Academy, E. Harold Coburn, Bulkeley High 
School, Hartford, and Dorothy W. Gifford, Lincoln 
School; and (c) “How Can We Get Together?” with 
audience participation. 

Before each of the evening sessions, a program of 
recently released science motion-pictures was scheduled; 
on one of the afternoons a picnic was held; and a plant 
trip was made to the Penobscot Chemical Fiber Com- 
pany, Orono, Maine. Two of the evening programs 


were informal, one having been reserved for an “‘Infor- } 


mation, Please” session on the topic ‘‘Do College Pro- 


fessors Know as Much as They Think They Do?” and f 


the other for a Talent Night. 


After each of the evening sessions, a social gathering [ 


was held in Estabrook Hall, the dormitory used as 


headquarters. Exhibits of new books and apparatus in 


the chemistry laboratories were well patronized. 
The following have attended all ten Summer Confer- 


de 
Ray 
Tho: 


ences: Mr. and Mrs. Grover C. Greenwood, Mr. and § : a 


Mrs. 8. Walter Hoyt, Alfred R. Lincoln, Evelyn L. ff 
Murdock, Elsie 8. Scott, John R. Suydam, and Elbert 


C. Weaver. 
& Official Business 


The business meeting that was adjourned sine die in } 


May was concluded at the Summer Conference. 


George D. Hearn, Classical High School, Worcester, | 


Massachusetts, was appointed chairman of the Eleventh 
Summer Conference Committee. The meeting place 
has not yet been selected. 

In commemoration of the founding of the N.E.A.C.T. 
in 1898, a special Fiftieth Anniversary Issue of the Mem- 
bership Manual, dated July 1, 1948, was distributed at 
the time of the Summer Conference. During the half 
century the N.E.A.C.T. has enrolled more than 1600 
members and held 246 Saturday meetings and 10 summer 
conferences. It now has 462 members, the largest en- 
rollment in its history. The Membership Manual con- 
tains “Reminiscences of Forty-two Years,” by S. Walter 
Hoyt, who joined the N.E.A.C.T. in 1906, was president 
in 1922-24, and for the past several years has served as 
auditor; a list of honorary members; a list of present 
officers; a list of past presidents; and a membership 
list, newly compiled by Ralph E. Keirstead, Curator, 
and Dorothy W. Gifford, Secretary, showing the date of 
election to membership of each active member. 

Miss Evelyn L. Murdock, Stonington High School, 
Stonington, Connecticut, was appointed Assistant 
Editor of the REPORT and will organize a group of re- 
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porters to gather data for the News Letter Supplement. 
The following report of the Membership Committee 
was read by the Secretary: 


e New Members Elected Since the Annual Meeting 


Betty Lou Galley, Teacher of Mathematics, Leland D. Batchel- 
der Junior High School, Reading, Massachusetts 

Ray Bond, 118 Main Street, New Canaan, Connecticut 

Thomas R. Foltz, Jr., Assistant Professor of Chemistry, Phila- 
delphia Textile Institute, Philadelphia, Pennsylvania 

Fred A. Tarbox, Assistant Principal, Calais High School, Calais, 
Maine 


e New Members Elected at the Conference 


David J. Breen, Dean of Men and Head of the Science Depart- 
ment, Arnold College, Milford, Connecticut 

M. Alan Brown, Teacher of Chemistry, Sewanhaka High School, 
Floral Park, Long Island, New York 

Chi Chang, Student, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


Jom- fy William S. Coley, Teacher of Chemistry, Bridgeport High 


School, Bridgeport, Connecticut 

Dr. Raymond D. Cool, Professor of Chemistry, Madison College, 
Harrisonburg, Virginia 

Charlotte Damerel, Professor of Chemistry, Wilson College, 
Chambersburg, Pennsylvania 


High School, Windsor, Vermont 

Dr. James M. Davidson, Instructor in Chemistry, Senn High 
School, Chicago, Illinois 

Frank English, Head of the Science Department and Teacher of 
Chemistry, Crosby High School, Waterbury,.Connecticut 

Eby C. Espenshade, Instructor in Chemistry, Elizabethtown 
College, Elizabethtown, Pennsylvania 

Austin 8. Kibbee, Jr., Teacher of Science and Mathematics, Jay 
High School, Jay, Maine 

Dr. Charles A. Kind, Assistant Professor of Chemistry, Univer- 
sity of Connecticut, Storrs, Connecticut . 


= Dr. 8. Madras, Associate Professor of Chemistry, Sir George 


Williams College, Montreal, Canada 

H. Clark Metcalfe, Teacher of Physical Science, Director of 
Audio-Visual Education, Brentwood High School, Pittsburgh, 
Pennsylvania 

Edgar A. Moberg, Teacher of Chemistry and Physics, Water- 
town High School, Watertown, Connecticut 

Willis 8. Perkins, Student, Massachusetts Institute of Tech- 
nology, Cambridge, Massachusetts 

Richard G. Ramsdell, Teacher of Chemistry, North Attleboro 
High School, North Attleboro, Massachusetts 

Louis Scala, Instructor in Mathematics, Edgewood School, 
Greenwich, Connecticut 


641 


Dr. Ralph P. Seward, Associate Professor of Chemistry, Pennsyl- 
vania State College, State College, Pennsylvania 

Helen A. Thayer, Teacher of Chemistry and Mathematics, 
Senior High School, Watertown, Massachusetts 

Earl W. Thomson, Senior Professor, Dept. of Electrical Engi- 
neering, U. 8S. Naval Academy, Annapolis, Maryland 

Evelyn G. Tibbits, Associate Professor of Chemistry, Winthrop 
College, Rock Hill, South Carolina 

Dr. Albert C. Walker, Chemical Engineer, Bell Telephone Labo- 
ratories, Murray Hill, N. J. 

Dr. G. Stafford Whitby, Professor of Rubber Chemistry, Uni- 
versity of Akron, Akron, Ohio 

Dr. Roland M. Whittaker, Professor of Chemistry, Head of 
Chemistry Department, Queens College, Flushing, New York 

Gerrit C. Zwart, Instructor in Science, Suffern High School, : 
Suffern, New York , 


Following the discussion of the integration of pre- 
paratory chemistry courses with first-year college 
courses, by both college professors and high-school’ 
teachers, it was : 


Resolved: That the Education Committee of - the 
N.E.A.C.T. is hereby instructed to prepare a minimum 
syllabus for secondary school chemistry compatible 
with modern needs; that said syllabus be widely dis- 
tributed among instructors in both colleges and secon- 
dary schools for criticism and review before adoption; 
that a report, if not a completed syllabus, be presented 
at the 1949 annual meeting of this association or sooner. 

The annual report of the treasurer was accepted: 


SUMMARIZED TREASURER’S REPORT 


Balance, August 16, 1947............... $1010.29 
Receipts during 1947-48................ 
$2520.75 
Expenditures to July 1, 1948............ $1570.37 
Balance, July 1, 1948 950.38 
RONDE ANG a ciehiiaalets deed x ahd wie da as oan eee $2520.75 


Carroui B. Gustarson, Treasurer 


9 Meeting Scheduled 


December 4, 1948: Boston University, Boston, Massachusetts 
(Joint Meeting with the Eastern Association of Physics Teach- 
ers and the New England Biology Teachers Association, held 
in conjunction with the meeting of the New England Associa- 
tion of Secondary Schools and Colleges. ) 


CELLULOSE, GLYCOGEN AND STARCH 


(Continued from page 631) 


edited by W. W. Picman anv M. L. Wotrrom, Academic 
Press, New York, 1945, Vol. 1, pp. 247-77. 

(12) Hrxon, R. M., anp R. E. Runpte, “Colloid Chemistry,” 
edited by J. ALEXANDER, Reinhold Publishing Corp., 
New York, 1944, Vol. 5, pp. 667-83. 

(13) Hixon, R. M., ann G. F. Spracus, Ind. Eng. Chem., 34, 
959-62 (1942). 

(14) Nrexsen, N. W., ann P. C. Gueason, Ind. Eng. Chem., Anal. 


Ed., 17, 131-4 (1945); Hiwpert, G. E., anp M. M. Mc- 
Masters, J. Biol. Chem., 162, 229-38 (1946). 

(15) Cameron, J. W., ““Chemico-genetic Bases For The Reserve 
Carbohydrates in Maize Endosperm,” Thesis, Depart- 
ment of Biology, Harvard University, 1947. 

(16) Scnocu, T. J., anD D. Frencn, Cereal Chem., 24, 231-49 
(1947). 

(17) Cited by E. Privcer, “Das Glycogen,” Bonn, 1905, p. 21. 





Kecent- Cooke 


@ AN INTRODUCTION TO THE PHYSICS OF METALS 
AND ALLOYS 


Walter Boas, Council for Scientific & Industrial Research, Mel- 
bourne, Australia. John Wiley & Sons, Inc., New York, 1947. 
xii +193 pp. 95 figs. 2ltables. 16 X 25cm. $3.50. 


Tus book will be of value to metallurgists, chemists, and 
others interested in the newer applications of physics to the solid 
state. To those who are familiar with the field covered by Dr. 
Boas the book will be disappointing in that no complete or ex- 
haustive treatment of the many topics considered is given. It 
should be remembered, however, that the purpose of the book is 
not to aid those already working in this field but rather to intro- 
duce these topics to those who have had no prior training along 
these lines. 

The text logically starts with a brief development of the basic 
elements of crystallography and X-ray diffraction, a knowledge 
of which is essential for the understanding of the material to be 
taken up later in the text. The second section of the book deals 
with the various properties of single crystals and polycrystalline 
materials. Such phenomena as elastic behavior, plastic deforma- 
tion, anisotropy, specific heat, and the like, are presented for 
consideration, first for the single crystals, then for the polycrystal- 
line materials, taking into account the disturbing effect of grain 
boundaries. The subject of preferred orientation is also discussed 
in some detail. 

The third section of the book deals with such subjects as the 
Hume-Rothery rules, order-disorder reactions, nucleation and 
growth, transformation rates, and the crystallography of phase 
changes. This is a rather large field to be covered in some fifty 
pages; while it is well presented, it suffers somewhat in that the 
presentation is sketchy and incomplete. 

Suitable illustrations, tabulated data, and references to more 
complete treatments of the subject matter have been nicely 
worked into the text. 

In all, Dr. Boas has performed a real service in writing a text 
of this kind since most of the books available are either too ad- 
vanced or too elementary to be of any real value to the people 
for whom this book was written. 


M. J. SINNOTT 
UNIVERSITY OF MICHIGAN 
Ann Arsor, MICHIGAN 


® PROBIT ANALYSIS: A STATISTICAL TREATMENT 
OF THE SIGMOID RESPONSE CURVE 


D. J. Finney, Lecturer in the Design and Analysis of Scientific 
Experiment, University of Oxford. The University Press, Cam- 
bridge, England; The Macmillan Co., New York, 1947. xiii + 
256 pp. 22 figs. 45 tables. 14 X 22cm. $3.75. 


AN APPLICATION of mathematical statistical methods in the 
field of biology, particularly the study of insecticides. 


& LOW-PRESSURE LAMINATING OF PLASTICS 


J. S. Hicks, Technical Coordinator, Plastics Division, Owens- 
Corning Fiberglas Corp; assisted by R. J. Francis, Chemical 
Engineer, Product Laboratories, Owens-Corning Fiberglas Corp., 
Reinhold Publishing Corp., New York, 1947. 162 pp. 100 figs. 
15.5 X 23.5cm. $4.50. 


A sIMPLE, well-illustrated, technological monograph with 
many bibliographic references. The appendix is an ‘Outline for 
Laboratory Experiments.” 


¥ COLORIMETRIC METHODS OF ANALYSIS 


Foster Dee Snell and Cornelia T. Snell. Third edition. Vol- 
ume I. D. Van Nostrand Co., Inc., New York, 1948. xii + 239 
pp. 109 figs. 5Otables. 16 X 23.5cm. $4.50. 


THE previous editions of this title have occupied two volumes; 
this edition is expanded into three, the new Volume I being de- 
voted to theory and instruments only, with all the inorganic 
methods included in a later Volume II. 

The material in the second edition has been extensively ex- 
panded and rewritten under several new chapter headings, and 
four new chapters have been added on hydrogen ions and their 
determination. 

There has been a considerable development in this field since 
the publication of the earlier edition and this is particularly ap- 
parent in the new sections on filter photometry, spectropho- 
tometry, and fluorometry. Many new instruments are illustrated 
and described. 

No one who works extensively with colorimetric methods will 
want to be without this revision, once he has seen it. 


NORRIS W. RAKESTRAW 
Scripps INsTITUTION OF OCEANOGRAPHY 
La Jouia, CALIFORNIA 


@ THE GENIUS OF INDUSTRIAL RESEARCH 


D. H. Killeffer, Reinhold Publishing Corp., New York 1948, 
ix+263 pp. 7figs. 15.5 X23.5cm. $4.50. 


Tue dramatization ef research has been glorified with a halo of 
success surpassed only by the imagination of the creators of the 
comic strip. “The scientific method of developing knowledge 
step by patient step loses caste before the far more romantic 
and laborless leaping about by giant strides to achieve an endless 
succession of miracles” expresses adequately the contrast in the 
factual realities of the laboratory to the imaginative picturing 
of its romantic processes. Mr. Killeffer has analyzed the suc- 
cessful researches of many outstanding scientists and observes 
that many follow quite definite patterns. Proper basic training, 
imagination, ability ‘to see beyond mere surface indications” 
and to develop correct research habits, not necessarily genius, are 
some of the necessary qualities for productivity in industrial re- 
search. 

The theme of this book is embodied in: ‘The only available 
method for discovering these general methods (of research) is to 
review in detail successful researches of others and to learn what 
characterized their methods and how these succeeded.” Over 
one half of the book consists of direct quotations from reports 
made by outstanding scientists. The author, being a chemist, 
naturally selects chemical problems. These citations are selected 
to illustrate a carefully planned and organized theme. The view- 
point is always that of the researcher and not of industry or man- 
agement. 

Pure research, the joy of exploration of truth, is illustrated by 
Langmuir’s account of his investigations into the realms of high 
vacua and surface phenomena. Its application to industry was 
only aside issue. Applied research, seeking to obtain some useful 
objective or the answer to a definite problem, is illustrated by 
classical accounts. Emphasis is placed on the importance of 
clearly understanding, accurately stating and oft-repeated re- 
stating of the problem under investigation. 

“Research is a mental activity based on physica] processes of 
investigation. It is necessary to observe accurately but it is ut- 
terly essential to reason carefully from observation.” That 
each research problem requires its own method of solution is weil 
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illustrated with two extreme types of solution by Midgley. The 
Baconian method of research by experimentation—that is, of 
trying everything and watching for enlightening results—is ex- 
emplified by Midgley’s classical exploration into the unknown 
field of inhibiting fuel knock. In contrast, the Aristotelian 
method—that is, of the formulation of a theory and then seeking 
facts that confirm, alter, or refute the theory—is illustrated by 
his work on fluorinated refrigerants. The importance of ‘‘think- 
ing out the problem”’ is well summarized by: “the mental activity 
of research consists of countless trial associations of the several 
parts of the available data until a combination is realized or 
clearly forseen through which the desired result can be attained.” 

One-third of the book is devoted to the application of the prin- 
ciples of typical research and procedure in process, production, 
and equipment research. To a student conducting research 
these chapters are a great boon; to an experienced researcher 
they are thought provoking and assuring. In order to illustrate 
the progressive development of an idea an entire chapter is de- 
voted to the account of the synthesis of rubber. It serves as an 
ideal example of the evolution of a series of investigations cover- 
ing a wide field over many years with a vast horde of investiga- 
tors. : 

Three contrasting types of successful researches are illustrated 
by the work of Teeple on potash extraction, Sabatier’s hydro- 
genation, and Williams’ commercial synthesis of vitamin By. 
The study of the causes of the earlier failure of potash extraction 
at Searles Lake, their correction and further development, is 
contrasted by the purely intrinsic interest of catalytic hydro- 
genation and the humanitarian motives of the vitamin synthesis. 

Four short chapters dwell on the functions and the importance 
of pilot plants, records, reports, patents, and the evaluation of 
results. The necessity for the scientist to master his own lan- 
guage and to be as exact in expressing his findings as he is in 
making observations, is often as important as the actual re- 
search. 

The method of setting up a plan, a principle, or a procedure, and 
then illustrating it by the citation of successful investigations in 
the researchers own words, is very intriguing. The logical and 
easy style of the author sparkles with fascinating and stimulating 
accounts; besides being instructive, it holds the attention of the 
reader. 


WILLIAM O. SWAN 


UNIVERSITY OF CHATTANOOGA 
CHATTANOOGA, TENNESSEE 


@ ALCHEMISTEN UND ROSENKREUZER. SITTENBILDER 
VON PETRARCA BIS BALZAC, VON BREUGHEL BIS 
KUBIN 


G. F. Hartlaub, Verlag Scherer, Heidelberg, 1947. 36 pp. 30 
plates. 15 X17cm. RM3.60. 


Tuis little pamphlet forms one of a series with the general title 
“Der Kunstspiegel,” each of which is devoted to the reflection of 
some cultural aspect of life as shown in the various forms of art. 
In the present booklet the position of the alchemist in literature 
and painting is traced from the early days ofthe renaissance. In 
the remarkably short space of twenty-five pages the author shows 
how the early interest centered in the practical and even the dis- 
honest alchemist, while later, when alchemy was no longer a 
contemporary phenomenon, interest shifted to the more mystical 
phases of the movement which culminated in the Rosicrucians of 
the seventeenth century. The discussion of the alchemist in 
literature is relatively brief, and most of the booklet is devoted 
to a series of fine reproductions of drawings, woodcuts and paint- 
ings of alchemists in their laboratories, and to an analysis of the 
individual illustrations. Particular attention is paid to Breu- 
ghel’s masterful satire, ‘‘The Alchemist in the Farm Kitchen” 
which shows the bemused farmer compounding mixtures at his 
stove, in the midst of his family, while outside the wintlow the 
same family is seen entering the almshouse; and to Rembrandt’s 
picture of the mystic alchemist which is said to have suggested 
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the theme of Faust to Goethe. The thirty plates which are in- 
cluded in the book are as fine a collection of reproductions as can 
be found in such a small space, and make the pamphlet an item 
which all who are interested in the history of early chemistry will 
surely wish to own. 


HENRY M. LEICESTER 
CoLLEGE OF PHYSICIANS AND SURGEONS 
San Francisco, CALIFORNIA 


.) ANNUAL REVIEW OF BIOCHEMISTRY 


J. Murray Luck, Stanford University, Editor; Hubert S. Loring, 
Stanford University, and Gordon Mackinney, University of 
California, Associate Editors. Volume XVI. Annual Reviews, 
Inc., Stanford University, California, 1947. xi + 740 pp. 7 
figs. 17tables. 16 X 23cm. $6. 


THE contents of this volume of the series include: biological 
oxidation and reductions; proteolytic enzymes; the chemistry 
of the carbohydrates; the chemistry and metabolism of the lipids; 
phosphorus compounds; carbohydrate metabolism; the metabo- 
lism of proteins and amino acids; antioxidants; choline; the 
chemistry of the proteins and amino acids; mineral metabolism; 
the chemistry of the hormones; fat-soluble vitamins; water- 
soluble vitamins; the use of pteroylglutamic acid in clinical 
studies; nutrition; carotenoid and indolic biochromes of ani- 
mals; the nitrogenous constituents of plants; mineral nutrition 
of plants; growth substances in higher plants; marine bacteri- 
ology; antimalarial drugs; bacterial metabolism; use of isotopes 
in biochemical research; the chemistry of the steroids. 


3 ENCYCLOPEDIA OF CHEMICAL REACTIONS 


C. A. Jacobson, Professor of Chemistry, Emeritus, West Virginia 
University, Compiler and Editor. Volume II. Reinhold Pub- 
lishing Corp., New York, 1948. xiii +917 pp. 16 X 23.5 cm. 
$12.50. 


THE second volume in an important series, listing the reactions 
of the elements from cadmium to chromium. 





& Q.E.D.—M.LT. IN WORLD WAR II 


John Burchard, Dean of Humanities, Massachusetts Institute of 
Technology. John Wiley & Sons, Inc., New York, 1948. xvi + 
354pp. 15.5 23.5cm. $3.50. 


THIS VOLUME by Dean Burchard of M.I.T. is intended to be a 
historical record of the activities of the staff of the Institute dur- 
ing the war period. Itis a record which was “paralleled by others, 
and in that respect is typical of the assistance rendered the Allies 
by academic institutions.” 

The lengthy and exceedingly complex account of Technology’s 
wartime activities has been reduced by Dean Burchard to a very 
readable and well-organized story. For the first time many of the 
staff have been able to understand and to appreciate the part that 
their colleagues played in the greatly varied program. Although 
the story contains much of which M.I.T. deservedly may be 
proud, there has been a determined effort by the author to avoid 
all boasting, and to present a straightforward narrative of the 
doings of the Institute staff in research and development work at 
home and away on diverse missions. The result is an absorbing 
tale of remarkable teamwork between representatives of the 
Armed Services and civilian experts, and of their accomplishments 
under the necessarily tremendous pressures resulting from the 
urgent needs of the ever-expanding wartime program. 

The volume opens with a Foreword by President Compton and 
a Preface by the author. Part I, by way of orientation and per- 
spective, deals mainly with the status of M.I.T. in 1939; Part 
II with research and development at the national level—the re- 
search directing agencies and the projects of N.D.R.C., for the 
Army, the Navy, and the Office of Field Services. 
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Part III, the largest portion of the book, describes research and 
development at Technology and the part played by the Insti- 
tute’s Division of Industrial Cooperation, the business of which 
rose from a modest dollar volume in 1939 of some $200,000 to a 
volume of 40 millions in the peak year 1944-45. In that year 
the D.I.C. budget was thirteen times the total operating income 
of the Institute for the year 1939. 

Part IV covers the activities of the staff away from Cambridge 
on various missions—on the production front, the psychological 
front, and as consultants to industry. Part V deals with the 
teaching of the war years and the heavy overloads carried by 
those staff members who held the “home front.” 

An Epilogue by Vice-President, J. R. Killian, Jr., entitled 
‘“‘M.I.T. Redeploys for Peace,’”’ completes the textual matter of 
the book. A glossary of code names and abbreviations and per- 
sonnel and subject indexes are also included. A number of per- 
tinent photographs add interest to the volume, which is printed 
clearly on excellent paper. . 

The impression left on reading the book may perhaps best be 
expressed, in Dr. Compton’s words taken from the Foreword. 
Drawing upon a quotation from Aristotle, he says, ““No one who 
participated in these activities, nor any writer or reader of this 
history, can grasp it fully nor miss it wholly, but it is certainly 
true that from all the facts assembled there ‘arises a certain 
grandeur’ which is the total contribution by the Massachusetts 
Institute of Technology toward the winning of what we hope 
and pray will have been the last great world war.”’ 


WALTER C. SCHUMB 
MaAssacuusetts INsTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


@ ORGANIC CHEMISTRY 


Ray Q. Brewster, Professor of Chemistry, University of Kansas. 
Prentice-Hall, Inc., New York, 1948. vii + 840 pp. 26 figs. 
46 tables. 27 charts. 15.5 X 23.5cm. $7.35. 


Tuis is a significantly different textbook. Although most of 
the material presented is traditional the approach is more theoreti- 
cal than is usual. It makes a rather radical departure from 
other undergraduate texts by stressing almost constantly the 
mechanism of reactions. An effort clearly has been made to help 
students see why substances react as they do. For many years 
many teachers have been becoming increasingly concerned over 
the growing gap between the material in organic chemistry text- 
books and the modern theoretical development of the subject. 
Professor Brewster has made a significant contribution toward 
closing this gap. 

In regard to subject matter and arrangement, this book is 
largely conventional. There is the usual division into an ali- 
phatic and an aromatic section, the order of chapters is about 
what we have come to expect, and the descriptive material dif- 
fers in no important respect from that presented in a number of 
other textbooks. : 

Nevertheless, this is not just another organic text. The stu- 
dents are introduced at once to such concepts as the types of 
chemical bonds, relative electronegativity of the elements, 
polarity of bonds, dipole moments, resonance, hydrogen bonding, 
bond energies, the transition state, and Lewis acidity and basic- 
ity. Furthermore, these concepts are referred to and used re- 
peatedly throughout the book. Dipole moments are cited fre- 
quently in explaining the properties of organic compound. With- 
out a doubt, the most distinctive feature of this text is the con- 
siderable attention given to theories of reaction mechanisms. If 
one may judge from the other textbooks, much of this material 
has heretofore been left largely to graduate courses. 

Many may feel that the book is not as well balanced as it 
might be. Thisis not meant to imply that factual and descriptive 
material has been slighted—there is, if anything, too much of it— 
but rather that one aspect of theoretical organic chemistry has 
been singled out for a treatment out of proportion to its useful- 
ness to most students. There might be real advantages in pre- 
senting the subject this way to prospective chemists, but it seems 
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doubtful if the time has not yet come when this is the most 
profitable approach for all students. 

There are other reasons, too, for feeling that this text will serve 
best those whose interests are directed toward chemistry. This 
is not an easy book. Considerable portions are likely to be quite 
difficult for beginners, not so much because of the emphasis on, 
theory, which probably is not intrinsically especially hard to 
comprehend, but because of the presentation in terms that wil] 
not always be readily comprehensible to the students for whom 
the book was presumably written. The large amount of factual 
material presented will also help to get this text rated as a stiff 
one. Many teachers, of course, prefer to use a rather extensive 
book from which they can pick and choose. Nevertheless, in 
spite of everything that can be said in favor of such texts they are 
usually more difficult for the student. 

This book can be recommended particularly to beginning 
graduate students who have had only a largely descriptive under- 
graduate course, and to teachers who are attempting to bring 
themselves up to date. In fact, it should be read carefully by 
every teacher of organic chemistry for no matter how extensive 
one’s knowledge, many ideas are sure to be found on effective 
presentation of certain theoretical concepts to elementary stu- 
dents. 

There are a considerable number of excellent footnote references 
to the literature, but many of the sources cited would hardly be 
comprehensible to elementary students. 

There are reasonably adequate sets of exercises at the ends of 
the chapters. They appear not to be too difficult for most stu- 
dents. There is considerable emphasis on problems, including 
numerical ones. In spite of the general character of this book, 
the exercises seem to stress memorized equations more than ap- 
plications of theory. Certainly, the exercises are not as nearly 
unique as much of the book is, but they should be effective in 
drilling the students on the type of material on which they are 
usually tested. 

This book has its share of errors, both typographical and factual. 
The reviewer counted several dozen. The small typographical 
errors indicate insufficient care in reading the proof. In only a 
few cases, however, are the students likely to be misled by them. 
The typographical errors in certain electronic structural formulas 
are, perhaps, the most unfortunate. Also, an occasional struc- 
tural formula was set up in type in an ambiguous, confusing, or 
misleading fashion. The factual errors, regrettable though they 
are, are not such as to give the student any serious misunder- 
standings. In addition to the errors, there are a number of mis- 
leading, even though not outright incorrect, statements. 

If the author and publisher will go to the trouble and expense 
of eliminating the errors and misleading statements, and will 
adapt the treatment a little more to the capacity of the average 
student, they will have an outstanding textbook. 


LAWRENCE H. AMUNDSEN 
UNIVERSITY OF CONNECTICUT 
Srorrs, ConNEcTICUT 


€ INTRODUCTORY CHEMICAL CALCULATIONS 


Sylvanus J. Smith, Chemistry Master, The High School, New- 
castle, Staffs. The Macmillan Company, New York, 1947. vii + 
144 pp. 12 X 18cm. $l. 


This pocket-sized book contains 80-worked-out examples of the 
types of problems usually found in a course of general chemistry 
and 318 problems and answers. 

Some teachers might object to (a) the solution of elementary 
volumetric analysis problems without the introduction of 
milliequivalents, (b) the solution of problems by substitution in a 
formula, (c) the use of approximate atomic weights (mg. = 24, 
etc.). 

The book is well printed and has a flexible cloth-paper cover. 
There are the usual 4 pages of logs and antilogs. 


SAUL B. ARENSON 
Houiywoop, CALIFORNIA 
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WELCH ATOMIC MODEL KIT 


Price $35.00 


This collection consists of conventionalized electrons, 
protons and neutrons together with first, second and 
third-orbit models with which to construct the atoms 
of the first eighteen elements. A color scheme is used 
for easy identification of electrons, protons and neutrons. 
In addition to atoms, simple molecules such as water 
may be easily and quickly constructed. Radicals 
such as OH, NH,, and SO,, are compiled from H, O, 
N and S atoms. In fact the chemical structure of any 
simple compound can be illustrated and analyzed, 
atomic and molecular weights checked, valence de- 


FOR 


CONSTRUCTING ATOMS 
AND MOLECULES 


Designed by 
Clarence R. Wentland 


WITH THIS COLLECTION YOU CAN— 


Assemble any atoms from numbers 1 to 18 
Construct Molecules, Radicals, Isotopes 
Study process of lonization 


termined and chemical properties found by means 
of interrelation of the component parts of the atoms 
involved. The kit is neatly packed in a sturdy case 
with hinged covers, 18x13¥% inches overall, pro- 
viding compact storage when not in use. A _photo- 
graphic reproduction of our No. 4854 Chart of the 
Atoms is pasted inside the cover of the case so that 
the required characteristics of any desired elements 
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Hens we go rushing past a milestone! This number 
completes our twenty-fifth volume. The JourRNAL 
has served the field of chemical education for twenty- 
five years and I think it is not mere boasting to suggest 
that its influence is partly responsible for the fact that 
in no other professional field of science is so much 
thought and attention given to the problems of educa- 
tion and training. 

Twenty-five years ago the “hottest” problem in 
chemical education was the correlation of the teaching 
of chemistry in high school and college, and both the 
JOURNAL and the Division of Chemical Education 
emerged as more or less direct results of the interest in 
and discussion of this question. 

Although this, like most other educational problems, 


has not been “solved” it has ceased to be the domina- 
ting interest of teachers of chemistry. In fact, the field 
of chemical education is no longer limited to either the 


high-school or college classroom; ‘adult education,” 
in-service training, and other movements toward edu- 
cational extension are pushing hard against the limi- 
tations of the conventional, formal type of teaching. 
It is evident that chemists in all stages and branches of 
the profession still regard themselves as students and 
need something more than newspapers, trade journals, 
and research publications to keep them interested in 
their science. The JourNAL has come to make this 
a large part of its job. 

From the editorial standpoint the JouRNAL’s career, 
to date, may be divided into three almost equal periods: 
the first, following its establishment by Dr. Neil E. 
Gordon, to its reorganization in 1932; the second, its 
struggle through financially lean years—due to no 
fault of its second editor, Dr. Otto Reinmuth—up to 
1940; the third, to the present, during which time it has 
profited by more prosperous economic conditions and 
has begun to reap some of the just rewards of the hard 
work laid during the two earlier periods. 

The story of the JourNAL’s foundation and of its 
trials during the early years has been told by its first 
editor, Dr. Gordon, in our August, 1943, issue. During 
most of this period the activity was heavily subsidized 
by the Chemical Foundation, as Dr. Gordon explains, 
and much of the circulation and prestige of the JouRNAL 
was due to that support. 





Dr. Reinmuth, in his remarks which follow, reveals 
the critical situation resulting from the eventual with- 
drawal of this subsidy. What he does not reveal, how- 
ever, is the fact that survival was the result not only 
of the support of many faithful friends but also, to a 
large extent to his own untiring efforts and the high 
standard which he set during his editorship. 

This seems to be the appropriate time publicly to 
acknowledge the JouRNAL’s indebtedness to a large 
number of people who have made its success possible: 
in addition to its earlier editors, associate editors, and 
other past and present members of the technical staff, 
to Dr. Erle M. Billings and Mr. William W. Buffum, 
for time and energy spent in the early business manage- 
ment; to a group of anonymous friends who, at the 
lowest ebb of the JouRNAL’s finances, made substan- 
tial contributions which eased a critical situation; to 
the many consultants, advisers, reviewers, and referees, 
without whose gratuitous aid the JouRNAL’s standard 
could not have been maintained; and finally to the man 
without whose foresight and persistence in the face of 
discouraging advice the JouRNAL would never have 
had its chance to survive—Mr. Harvey F. Mack. In- 
deed, Mr.. Mack personally kept the JouRNAL solvent 
for a number of years, until he eventually had the 
satisfaction of seeing the red ink on the ledger turn 
black. We reproduce his picture for our readers who 
do not know him personally, and we respectfully dedi- 
cate this volume to him. 
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& SOME EDITORIAL MEMORIES 


Your editor's request for a few reminiscences of 
what may eventually come to be known as the dark 
ages of JouRNAL history places me in one of those well- 
known quandaries. (Not that I don’t feel at home; 
I’ve spent a lot of my time in those places.) It is 
my conviction, however, that the center of a football 
team is likely to be a poor eyewitness reporter of the 
game. If, therefore, I make no definitive contribution 
to chemico-educational lore, remember that the view- 
point is that of a slightly slap-happy goof with his nose 
in the turf. 

My introduction to the JouRNAL was rather casual. 
As a part-time graduate student I was employed by the 
Maryland Free Staté as an inspector and analyst (of 
feeds, fertilizers, and limes), and Dr. Neil E. Gordon, 
automatically State Chemist by virtue of his chairman- 
ship of the chemistry department of the University of 
Maryland, was my chief. For some occult reason he 
decided that my talents were better adapted to journal- 
istic than to regulatory pursuits. He measured out a 
pile of manuscript by the simple expedient of estimat- 
ing its thickness with thumb and forefinger, informed 
me that this was the next JouRNAL, and dubbed me 
assistant to the editor. Armed with youthful energy, 
self-confidence, and a printer’s manual of copyreader’s 
symbols, I set to work. ° 

The next few years were the fat ones of Chemical 
Foundation largesse. We were limited in the scope of 
our operations only by the limitations of our own 
imaginations and our persuasive powers in soliciting 
free copy. Although, theoretically, we were building 
up a publication which should eventually be able to 
stand on its own feet financially, I’m afraid no one 
took that objective very seriously. Certainly it was 
not the one uppermost in the minds of any of us who 
were on the job. 

At the beginning of the seven lean years I found my- 
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University of Chicago, Chicago, Illinois 


self, somewhat bewildered and dismayed, the general 
of an army of one—Miss Mildred Grafflin, who loyally 
rallied round and labored prodigiously until her medical 
adviser flatly insisted that she once again begin to take 
nourishment regularly. 

That the JourRNAL survived all that happened to it 
immediately preceding and during my régime as editor 
I attribute to the facts that it really embodied a worth- 
while idea; that it had the support of a little group of 
professional altruists who gave freely of their time, 
thought, and effort, and of a ldyal nucleus of subscrib- 
ers who remained when the water had been squeezed 
out of our mailing list; and, not least, that Mr. Harvey 
F. Mack (of the Mack Printing Company) viewed 
it with a friendly and optimistic eye. Mr. Mack’s 
stated reason for optimism—that no worthy project, 
honestly conceived, and vigorously prosecuted, could 
fail—struck me as extremely naive. I used to have 
cold chills whenever I wondered what would happen to 
the JOURNAL if someone should take the man aside and 
explain the facts of life to him. 

Indeed I often felt that no one except myself fully 
realized how precarious a grip on life our little patient 
had. Obviously, I was the divinely appointed official 
worrier, and because I had more than enough work to 
do, I had to put in a lot of overtime on the worrying. 
Being blessed with some natural aptitude in this re- 
spect, I soon bettered all previous performances. When 
at last it became apparent, even to me, that the patient 
would live, I was not averse to parting. 

I would not, however, leave you with the impression 
that my years with the JourNAL after its reorganization 
were a period of unrelieved tension and anxiety. We 
had also our moments of polite and low comedy. I 
value highly the good friends the JouRNAL made for 
me and the many pleasant associations I enjoyed as 
editor. I wouldn’t have missed it for a lot. 
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NORTHUMBERLAND BECAME IMPORTANT 


Tar °RIESTLEYS, as far back as 1795, settled at 
Northumberland in Pennsylvania. There the north 
and west branches of the Susquehanna River come 
together, its steep banks rising into hills, which in 
turn swell into distant mountains, so that it is doubtful 
whether this distinguished family could have chosen a 
lovelier spot for their residence (10). Joseph Priestley 
came to America in 1794 and shortly after his arrival 
at Northumberland wrote: ‘Nothing can be more 
delightful, or more healthy than this place” (19). 

The two days, July 31 and August 1 of 1874, were 
important for the inhabitants of Northumberland. 
There were older men and women who could remember 
Joesph Priestley, for he had lived among them and had 
associated with them in town gatherings. Some of his 
descendants still lived there and were carrying on 
family traditions. Whether or not they had known 
him, they came to realize that their town had been the 
home of a man who was a great discoverer, and that 
honor had come to them because of him. Colonel 
David Taggart had been chosen by his fellow citizens 
to give an address of welcome to scientists of the 
United States and Canada who had assembled there. 
The celebration was in observance of the centennial of 
the discovery of oxygen by Joseph Priestley. ‘A 
hundred years ago,” they were told, “chemistry began”’ 
(10). 

Special dispatches to the New York Daily Tribune, 
Herald, and Times (29, 11, 28), indicate that there was a 
feeling of intense expectation on the morning of that 
event: 


Pursuant to a call issued a few weeks ago, a brilliant gathering 
of the leading chemists and kindred scientists of the country 
assembled here this morning to commemorate the centennial of 
chemistry, wisely dating its existence as an exact science from the 
starting point of his discovery of oxygen gas, just a century ago. 
From East and West they came. Wherever colleges are found or 
natural sciences are studied there were disciples of Priestley 
to unite with others from all over the land in honoring his mem- 
Ory.. ¢2 

The influx of visitors is a large one for so small a town to enter- 
tain at short notice. But the good people of Northumberland 
opened their hearts and their homes and took in all who came. 

This morning the main hall of the village academy was rather 
too well filled with visitors and townspeople. Professor Charles 
F. Chandler, of Columbia College, was made chairman, and Pro- 





1 Presented before the Division of the History of Chemistry 
at the 118th meeting of the American Chemical Society in Chi- 
cago, April 20, 1948. 
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fessor Albert Leeds, of the Stevens Institute, Hoboken, Secre- 
tary (28). 


CHEMISTRY LOOKING UP 


To the chemists, however, that was their celebration. 
It was the one hundredth anniversary of the birth of 
chemistry. A two-day program scheduled the follow- 
ing papers: ‘The life and labors of Priestley,” by H. H. 
Croft; “The century’s progress in theoretical chem- 
istry,” by T. Sterry Hunt; “A review of industrial 
chemistry,” by J. Lawrence Smith; and “American 
contributions to chemistry,’”’ by Benjamin Silliman. 
Original letters written by Joseph Priestley were read. 
The Priestley mansion was visited and attending chem- 
ists were given an opportunity to examine Priestley’s 
apparatus, books, and manuscripts. On the evening 
of the first day a concourse of at least five hundred 
townspeople and guests assembled at Priestley’s grave, 
where Dr. Henry Coppee delivered an eloquent oration 
in tribute to the man in whose honor they were as- 
sembled. The respectful observance was described in 
the New York Times as follows: 


The scene was an impressive one. The speaker addressed a 
silent and attentive throng, standing in the flush and glow of a 
gorgeous sunset, on a commanding hill-side, with a superb 
prospect of mountain, river, and town before him, and over his 
head the blue canopy of heaven (28). 


An attempt was made at this meeting to organize a 
Chemical Society of America. The following quotation 
is taken from The World: 


Professor Frazer proposed the formation of a chemical society 
which should date its origin from this centennial celebration, 
and urged the fact that, while American’ chemists have done 
perhaps a larger amount of work in their own department 
proportionately than has been done in the world within the last 
century in any other branch of science, they have as yet in this 
country not a single society to represent the chemical thought of 
the country. The speaker moved that a committee of five be 
appointed by the President of the meeting, to whom shall be 
referred the advisability of calling a representative committee 
of chemists of the United States to form a chemical society and 
all questions relating to the organization and character of the 
society, whether or not it shall have an organ, etc. 

Professor J. Lawrence Smith stated the difficulties which stand 
in the way of such an organization. One formidable objection 
was that this country was too large, and that it would be impos- 
sible to centralize its chemical research. Indeed, the very 
strength of the country is in decentralization. We want all our 
scientific institutions dispersed far and wide. We have already 
two great institutions in the country—the American Scientific 
Association and the American Academy of Sciences—which 
undertake to embrace in their proceedings everything connected 
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with chemical research, and it would be more creditable to the 
chemical talent of this country ,if an attempt were made to 
secure its better representation in the chemical sections of the 
former Association. Even the meetings of the Chemical As- 
sociation of London, where there exists a great centralization of 
chemists, are very meagerly attended, the members preferring 
to read their papers in the more distinguished Royal Society. 
The same is true of the French Chemical Association, while the 
Academy of Sciences of France is constantly filled ‘with the 
finest papers relating to chemistry. 

The question was discussed at length by Professors F. W. 
Clarke, William H. Chandler, Van Der Weyde, Bolton, Horsford, 
EK. T. Cox, and Silliman. Dr. Bolton offered the following 
amendment to the motion of Professor Frazer, which was 
adopted: 

Resolved, That a committee of five be appointed from this 
meeting to cooperate with the American Association for the 
Advancement of Science at their next meeting to the end of 
establishing a chemical section on a firmer basis. Committee— 
Bolton, Silliman, Smith, Horsford, and Hunt (88). 


A comment in the New: York Weekly Journal of 
Commerce a few days later entitled, ““Chemistry looking 
up,” brought out the possible effects of the Northumber- 
land celebration upon the chemists of the country; 
excerpts from the comment follow: 


All of a sudden, the chemists of America have shot into notice. 
...it is pleasant to see this neglected and maltreated branch of 
knowledge rise up and stoutly assert its importance. The 
“centennial anniversary of the birth of chemistry” over the 
grave of Priestley, discoverer of oxygen, at Northumberland, 
Pa., supplied American chemists with the occasion to muster 
and show themselves, and they improved it well. ...the serv- 
ices, commemorative and eulogistic, at Northumberland were 
very interesting; but the action which most concerns the public 
is that looking to the future uplifting of chemistry in the United 
States. ...we hope now, dating from the well-attended and en- 
thusiastic meeting at Northumberland, that the chemists of 
America will work together in a strong effort to build up their 
neglected science, and reap for themselves the fame, if not the 
substantial reward, which usually falls to the share of him who 
enlarges the bounds of human knowledge (4). 


The actual impact of the Priestley Centennial upori 
the chemists was well stated by Browne in the Golden 
Jubilee Number of the Journal of the American Chemical 
Society, published in 1926 as follows: 


The Priestley Centennial...was the first important solely 
chemical meeting of a national character to be held in the United 


States. ...it is largely to the inspiring influences which ema- 
nated from the Priestley Centennial that the American Chemical 
Society owes its origin (2). 

The American Chemical Society was organized on 
April 6, 1876, less than two years after the Priestley 
Centennial. It has grown from a small gathering of 
ninety chemists to an influential organization of fifty- 
five thousand in 1947. 


TURNING-POINT IN CAREER OF 
W. GEORGE WARING 


Present at the demonstration in Northumberland 
was a young man who was neither a citizen of the town, 
nor a delegate to the convention. Three causes brought 
about his attendance at that assemblage: he repre- 
sented the State Governor, John Frederic Harlranft; 
he carried to the meeting a sketch of the life and works 
of Dr. Evan Pugh as requested by Professor C. F. 
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Chandler; he accepted Dr. H. Carrington Bolton’s 
invitation to report the proceedings (31, 36, 37). 

Fifty-seven years later, William George Waring gave 
his own brief account of the Priestley Centennial: 


In 1874 the centennial of the discovery of oxygen by Priestley 
was celebrated by a meeting of 91 chemists (all there were in 
the United States excepting a few assistant teachers) at Priest- 
ley’s grave in Northumberland. I reported the proceedings for 
the New York Daily Tribune, Herald, and Times. 

Incidentally, through meeting there with Chandler, Egleston, 
and other well-known leading chemists, I was induced to take 
special courses in mineralogy and blowpipe analysis. Excelling 
in the latter brought about my employment as well as my wife’s 
in the work of the United States Geological Survey in Colorado 
from 1879 to 1881, and my connection with that work con- 
tinued until very recently. The metallurgy of zinc is a specialty 
that has brought me in contact with, I believe, all the zinc- 
smelting operators in the country (38). 


In the same communication the history of chemistry 
at the time of the Priestley Centennial is summarized 
by Mr. Waring in a short paragraph: , 

Organic chemistry was just in its infancy when I studied 
chemistry under Dr. Evan Pugh at Pennsylvania State College 
in 1861-63. Inorganic chemistry was considered complete— 
“un fait accompli.’”’ All the elements, 63 if I remember aright, 
were known to have been discovered and even all their com- 
pounds were believed to be known, but there remained only a 
large field of undiscovered reactions to be developed (38). 


A study of accounts of the event as printed in New 
York papers reveals that the items in the Herald and 
Tribune were almost exact duplicates; the story which 
appeared in the Sun was condensed from the Herald 
and Tribune. The World carried more detalied reports 
which seem to be written a little later in the day, but 
which have several exactly duplicated parts of the 
articles published in the papers quoted. So it appears 
that Mr. Waring’s accounts were used for all of the 
New York papers mentioned (11, 27, 28, 29, 85). 


BEFORE THE PRIESTLEY CENTENNIAL 


William George Waring (3, 15-17, 31-35) was born 
near Boalsburg, Centre County, Pennsylvania, Feb- 
ruary 21, 1847, and there received his early education 
in the public schools. His father, William Griffith 
Waring (20, 21, 32-35), who had emigrated from Here- 
fordshire, England, to Pennsylvania in 1833, opened 
the Farmer’s School in Centre County in 1857 as super- 
intendent. On July 2, 1862, Abraham Lincoln signed 
the Morill Land Grant College Act, under which pro- 
vision, the institution, in 1863, became known as the 
Agricultural College of Pennsylvania, the name being 
changed later to Pennsylvania State College. In 1859 
Dr. Evan Pugh became the first president of the 
Farmer’s School but William Griffith Waring continued 
as an instructor under him for some time. Dr. Pugh 
was ardently admired by the youth, George Waring, 
as shown in the following quotations taken from his 
notes: 

Dr. Pugh made frequent visits to our home in Penn’s Valley 


after father quit the college, and consulted father upon many 
things...connected with horticulture, botany, and scientific 
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subjects. Upon one of these occasions he brought me a present 
of a very complete set of apparatus—flasks, test tubes, beakers, 
evaporating dishes, and reagents—for elementary chemical 
experiments in analysis. On another occasion he asked father 
to allow me to drive him to the railroad station as he was called 
to Harrisburg. Permission was given and I (then only about 13 
or 14 years old—1860) drove him from the college through the 
seven mountains. It was the most wonderful trip of my whole 
life. I was never satisfied until I was enabled to become his 
most beloved student (32, 36). 

George’s wish was granted when at the age of 14, in 
1861, he registered at the Pennsylvania State College, 
from which he was graduated as a member of the class 
of 1864 (13). 

His class was broken up by the Civil War in which 
most of his classmates enlisted; but George was not 
accepted as a volunteer because of his youth and small 
stature. According to the ancient rite of the family, it 
was necessary that he learn a trade; so George was sent 
to New York tolearnglassblowing. Hewasaccomplished 
enough to become foreman of the plant in which he 
worked part time (16, 41). However the hubbub of the 
city was tiresome to his quiet and peaceful disposition; 
so he soon quit the turmoil of New York to learn the 
business of horticulture and floriculture at Wm. C. 
Wilson’s at Astoria. He established himself in that 


business at Tyrone, Pennsylvania, in 1866 (40). 
AT THE TIME OF THE PRIESTLEY CENTENNIAL 


In 1874, when W. George Waring attended the 
Priestley Centennial, he was a resident at Tyrone 


where he still conducted the same business, but was 
following several other avocations as well. Having 
studied shorthand under Isaac Pitman, he played a 
considerable part in introducing the Isaac Pitman 
system of shorthand into this country. He founded 
the Phonetic Magazine, and had charge of the American 
Phonetic Depot at Tyrone (23, 49-53). He did sur- 
veying and mapping as city engineer of Tyrone and 
maintained a private laboratory in his home where he 
analyzed specimens for a local limestone company. 
He was court reporter for the 24th judicial district of 
the state. Frank J. Condon of Johnstown, Pennsyl- 
vania, in a paper read before a meeting of the Pennsyl- 
vania Stenographic Association at Bellefonte on Febru- 
ary 27, 1884, paid Mr. Waring the following tribute: 


As a reporter he has no superior and few equals. So perfect 
are these (his) notes, and so absolutely verbatim, that the 
writer of this article, though a follower of a different system, 
is able to transcribe both testimony and charges of the court (7). 


In addition to these activities Mr. Waring was a 
news reporter for several papers. At the Priestley 
Centennial, besides preparing special dispatches for the 
New York papers, it was his privilege to contribute a 
sketch of the life and works of Dr. Evan Pugh as a 
part of Benjamin Silliman’s paper on ‘American 
contributions to chemistry”’ which was published in the 
American Chemist of August-September, 1874 (26). 

A series of diaries, largely written in shorthand, from 
about 1854 to 1933 are replete with chemical notes. 
About July 17, 1874, his diary contains a"few bio- 
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graphical notes on Dr. Evan Pugh to be used in pre- 
paration for the sketch (42). 


AFTER THE PRIESTLEY CENTENNIAL 


W. George Waring attended Columbia College (New 
York), and Stevens Institute of Technology (3, 31, 43). 
In his memoirs he mentions that he became expert in 
mineralogy and blowpipe analysis, thanks to the help 
of his good friend, Dr. Leeds of the Stevens Institute 
(40). His diary for September, 26, 1874, lists the 
requisites for blowpipe analysis with accompanying 
drawings. The same diary for December 9, 1874, 
contains a list of minerals covering about ten pages 
(44). During the five years following the Priestley 
Centennial, his other avocations were subordinated 
one by one, until he went to Denver, Colorado, in 
1879, as metallurgist under Samuel F. Emmons (/6, 
83), who was employed by the U. 8. Geological Survey, 
which newly formed society had been organized the 
previous year (/). Although Mr. Waring did some 
court reporting in Denver from 1879 to 1882, and 
throughout his life wrote occasional news items, metal- 
lurgy had become his primary interest. 

In 1882, Mr. Waring entered the employment of the 
Rico Reduction Company, Rico, Colorado, as superin- 
tendent and chemist. In 1884 he moved to Silver 
City, New Mexico, and was manager of and metal- 
lurgist for the Flagler Reduction and Smelting Com- 
pany until 1892. Between 1886 and 1898 he was con- 
sulting metallurgist and chemical engineer for the 
Hidalgo Mining Company of Parral and Chihuahua, 
and for the Moctezuma Mining Company of Lam- 
pozos, Sonora, Mexico. 

When the New Mexico School of Mines, Socorro, 
New Mexico, was organized, under an act of the Terri- 
torial Legislature, February 28, 1891, W. George 
Waring became one of the original members of the 
Board of Trustees. He set out the aims of that institu- 
tion in an address to His Excellency, the Honorable L. 
Bradford Prince, Governor of the Territory of New 
Mexico (39). 

In 1897 Mr. Waring returned to his former home in 
Tyrone, Pennsylvania, where he continued his offices of 
metallurgist and consulting engineer for mining com- 
panies of that area. 

The Archbishop of Santa Fe, Most Reverend John 
Baptist Lamy, who has a pseudonym in the novel of 
Willa Cather, ‘Death Comes to the Archbishop,” 
was a Close friend of W. George Waring and always 
stopped at his house when at Silver City (44). 

From 1889 Mr. Waring was owner of the Waring 
Research Laboratories in Joplin and Webb City, Mis- 
souri, which he himself conducted until 1914, when he 
retired from active service as chemical engineer, but 
continued to engage in metallurgical research work. 
He served as vice-president and president of the 
Oronogo Mutual Mining Company. 

Mr. Waring’s investigations and discoveries were 
almost phenomenal. He was a member of the Com- 
mittee on Uniformity of Technical Analysis of the 
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American Chemical Society (8, 26). He worked out the 
Waring Method for the volumetric determination of 
zine (26, 46) which method or some of its modifications 
are still used in the textbooks of quantitative analysis 
(18). His original notebook, a model of neatness and 
accuracy, containing records of his analyses, has been 
preserved. The scientific papers and works of W. 
George Waring were prolific, both in number and ver- 
satility (26, 46, 47, 48, 54-67). Many of his methods 
and discoveries were patented (68-79). 

He published many papers of cultural value, seasoned 
with items of scientific import. In a series of fifteen 


articles written for the Tyrone (Pennsylvania) Daily 
Herald from 1896 to 1899, he recounts entertaining tales 
of his travels in Mexico. Once when visiting the San 
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Ramon mine, he rode up a distance of 600 feet through 
a vertical shaft in a gunny-sack sling attached to a 
wire cable, which at the surface was wound around a 
huge drum operated by six horses. The sack swung 
from one wall to another, then whirled about in the 
center of the shaft, during the time required to draw 
him to the top. This was an experience he never 
wished to repeat (80). 

From his pen came also such articles as, “The 
development of the orchestra” (81), and ‘“The orchestra 
in America” (82), for he was an accomplished violinist 
and flutist. 

Mr. Waring became a member of the Society of 
Chemical Industry of London in 1902, of the American 
Chemical Society in 1904, and of the American Associa- 

tion for the Advancement 
of Science in 1908. He 
held membership in the 
American Institute of Min- 
ing and Metallurgical En- 
gineers; was a member of 
the Kansas City Section 
and a charter member of 
the Southeast Kansas Sec- 
tion of the American 
Chemical Society, before 
which he gave a paper as 
late as 1931 at the age of 
84 years (6). 


W. GEORGE WARING, 
THE MAN 


Mr. Waring suffered from 
a fall in his laboratory 
August 25, 1933. He was 
bedfast from that time until 
his death December 24, 
1935. During his illness his 
memory relative to his work 
was as alert as ever (12). 
He probably outlived any 
of those chemists who at- 
tended the Northumber- 
land Centennial of 1874. 
Frank Wigglesworth Clark 
died in 1931 (9); and 
Samuel Goldschmidt’s de- 
mise occurred in 1933 (4). 
In his personal copy of 
Browne’s ‘A half-century 
of chemistry in America”his 
identification appears in his 
own writing, and he has 
made other additions and 
corrections (37). His dis- 
patches to the New Yorkpa- 
pers, reporting the Centen- 
nial of 1874, were published 
without a signature, nor is 
he listed in publications 
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recording the names of those in attendance at that 
gathering (14). The only literature reference (1874) 
found, alluding to his connection with that celebration, 
is a footnote in the American Chemist attributing the 
biographical sketch of Dr. Evan Pugh to W. 8. Waring 
(W. G. Waring) (24). 

The one notable event which gave him recognition 
was the conferring of the degree of Master of Science 
by the Pennsylvania State College in 1916 (22). But 
he again passed into oblivion, for his own Alumni 
Office was unable to furnish any more information for 
this paper (24). 

Except for the obituary in his local newspaper (/2), 
his death passed unnoticed; the Chemical Abstracts to 
date carried no reference to obituaries or biographies in 
scientific journals. 

Mr. Waring had two sons. William George IV 
died in Silver City, New Mexico, in 1888. Guy Hull 
Waring who was born at Tyrone, Pennsylvania, in 
1875, worked with his father on many projects, and has 
been president and manager, as well as part owner of 
the New Year Tailing Mill, and is at present manager 
of the Oronogo Mutual Mining Company, Oronogo, 
Missouri. Ina recent interview Guy gave the following 
description of his father: 


My father always wanted to keep in the background. He 
wanted three meals a day, all the cigars he could smoke, and 
someone he could help. He did not want charge of anything. 
He was interested purely in his investigations, his research; he 
wanted to do metallurgical work. As soon as he found out what 
he was looking for, he was satisfied; he would turn his discovery 
over to someone else for practical use. He was not interested in 
making money. I believe that I have never met any one so kind 
as my father (31). 


A devout member of the Episcopal Church, his 
religious beliefs being deep-rooted, W. George Waring 
was an active promoter of that church. He received 
but little applause in worldly circles but still lives in 
the hearts of men who knew and loved him. Insight 
into the character of this man, as gleaned from memoirs, 
communications, and interviews with his friends and 
acquaintances, has convinced the writer of this biog- 
raphy that he possessed a firm faith and utter sub- 
mission to the will of God. The following tribute 
by Bruce Williams; chemical engineer and analyst, 
and owner of the Bruce William Laboratories of Joplin, 
Missouri (15), is a fitting summary of the scientific 
as well as personal traits which distinguish the hero 
of this narrative: 


I first became acquainted with Mr. W. George Waring by read- 
ing some of his published articles on the method of analytical 
determination of zinc when I was a student at Kansas University. 
I corresponded with him for some additional information asking 
many questions. 

Mr. Waring always replied promptly. He wrote in longhand, 
and I was amazed at the time he would give to a student and the 
thoroughness with which he went into all the conditions that 
might affect the particular questions about which I wrote him. 
This same thoroughness of Mr. Waring and his interest in a 
student or anyone that asked him questions continued through- 
out his life time. 
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I went to work for Mr. Waring in 1909 and purchased his 
laboratory from him in 1914. Many years after I purchased 
this laboratory from him I called on Mr. Waring for help and 
information. He was not only willing to do this but anxious to 
do it, and continued to write out in longhand detailed directions 
pertaining ta the questions I asked. Mr. Waring was a scientist 
and he lived from the viewpoint of a scientist. He was very 
thorough and painstaking. 

In all the years I knew him I never heard him say an unkind 
word to anyone or about anyone (84). 


The remains of W. George Waring repose in the 
cemetery at Tyrone, Pennsylvania, after a life spent 
at peace with God and neighbor, fruitful in metallur- 
gical and analytical research, and replete with remark- 
able experiences. 
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Chemical Education in American Institutions 


SEE gl 
HOPE COLLEGE 


Hope College has been chosen to represent the large 
number of small colleges which labor—often under 
adverse circumstances—to maintain the standard of 
chemical education in this country. There are 
doubtless many, with two- or three-member chemistry 
departments, as deserving of recognition as is this 
one. If the following article confers any special 
distinction upon one institution, we hope that all 
others in this class will obtain at least reflected glory. 


“He 1s my best man this year.”” These words, said of 
a college senior by a professor in his major subject, 
would be high praise under almost any circumstance. 
To one majoring in chemistry at Hope College, located 
at Holland in Western Michigan, such words from Dr. 
Gerrit Van Zyl, for twenty-five years Head of the De- 
partment of Chemistry, mean much more. They are 


MALCOLM F. DULL 

The University of Pittsburgh, Pittsburgh, Pennsylvania 
the assurance of a graduate appointment to almost any 
one of the major graduate schools of the nation. More 
than the grades which appear on his transcript, they 
are the guarantee that, while he may not have had the 
variety of courses available in larger institutions, he is 
thoroughly versed in the fundamentals of chemistry 
and related subjects, and has the capacity for inde- 
pendent thought and self-expression which are so im- 
portant to a successful graduate and professional career. 
Even the student who does not receive this highest 
praise can expect an appointment in an outstanding 
graduate school if, in Professor Van Zyl’s opinion, he is 
capable of doing satisfactory work. Such, for many 
years, has been the reputation enjoyed by Hope College 
and her modest and beloved Professor of Chemistry. 
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The important contribution of the small colleges to 
the stream of science graduates which flows continu- 
ously into graduate schools and professional life is ap- 
parent to all who are in a position to note the educa- 
tional background, not only of newcomers in scientific 
occupations, but also of individuals responsible for 
outstanding scientific discoveries and progress. Often 
the quality of their undergraduate training is excellent; 
frequently it is not. The inability of many smaller 
institutions to provide adequate. laboratory facilities 
and highly skilled teaching personnel contributes 
heavily to mediocre training. It is frequently observed, 
however, that inadequacies in the physical plant are 
overcome, at least in part, by good instruction. 

For many years graduates of Hope College have 
been compiling an exceptional record of successful 
accomplishment in graduate study and professional 
activities in several fields of science, especially chemis- 
try. Something of the importance of the small college, 
and of the place of Hope College in American science 
education is shown in Table 1, taken from the Steelman 
Report, ‘“Manpower for Research.”! It is seen that 
Hope ranks eighth among American educational insti- 
tutions in the number of successful candidates for the 
Ph.D. in sciences per thousand students. Of thirty- 
five Ph.D.’s granted to Hope graduates during this 
period, twenty-four were in chemistry. The impact of 

1S$reELMAN, J. R., Chairman, The President’s Scientific 
Research Board, “‘Science & Public Policy,’”’ Vol. IV, “Manpower 
for Research,” U. 8. Govt. Printing Office, 1947, p. 146. 
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Department 
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TABLE I 
Institutions Producing Successful Ph.D. Candidates in 
Sciences 





Ph.D.’s 
granted 
during the 


period 
Class 1986-45 


Student 
Population Ph.D.’s/- 
as of 1000 


Rank Institution 1939-40 Students 





1 California 
Technology 
Haverford 
Oberlin* 
Kalamazoo 
Reed 
Swarthmore 
Massachusetts 
State 
Hope 
DePauw 
Massachusetts 
Institute of 
Technology T 


130 
103 


120 921 
33 321 
121 1313 
34 384 
43 546 
51 733 
84 1208 


35 525 
91 1389 
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180 3100 


* Conservatory students have been excluded from these figures. 





Hope and other small colleges on American science is 
apparent from these data and from the following facts 
noted by the Steelman Committee.? 


During the years 1935 to 1945, Furman University, Oberlin 
College, Reed College, and Miami University together graduated 
more students who later completed doctoral work in physics than 
did Ohio State University, Yale University, Stanford University, 
and Princeton University combined. 

Over the same period, Hope College, Juniata College, Mon- 
mouth College, St. Olaf’s College, and Oberlin College combined 
produced more candidates for the doctor’s degree in chemistry 
than did Johns Hopkins University, Fordham University, 
Columbia University, Tulane University, and Syracuse Univer- 
sity, all together. 

These illustrations do not indicate that all smaller schools pro- 
duce remarkable numbers of doctoral candidates. They do show 
relatively less known schools play a vital role in the growth and 
development of American science. 


Since 1912 approximately two hundred students 
majoring in chemistry have been graduated from Hope 
with the A.B. degree (the B.S. degree is not given) and , 
have entered the profession of chemistry either as 
teachers or in industry. About 33 per cent of these 
have earned the Ph. D., while another 33 per cent con- 
cluded their graduate study after receiving the M.S. 
degree. In addition some of the remainder have earned 
advanced degrees in other fields such as physics, medi- 
cine, education, etc. Since the incorporation of the 
college in 1866, approximately 225 graduates have 
earned M.D. degrees. 

Although Hope chemistry graduates have attended 
most of the leading graduate schools of the country, 
the largest numbers have attended the Ohio State 
University and the University of Illinois. Since 1913 


‘twenty-eight have received salaried appointments to 


the Ohio State University. Eighteen received the 
Ph. D., six the M.S., and four are still in attendance. 
Since 1912 twenty-seven have received appointments 
to the University of Illinois. Fifteen received the Ph.D. 


2 Ibid., p. 20. 








Dr. Gerrit Van Zyl and Marjorie Stevens catalog the complete chemi- 
cal library of Dr. Moses Gomberg, former head of the University of 


Michigan Chemistry Department. 


and six the M.S. in chemistry. Exclusive of those now 
in attendance only one did not complete the require- 
ments for an advanced degree. Of 188 graduates in 
chemistry not now engaged in graduate study, twelve 
are high-school teachers, thirty-three are college or 
university teachers, and the remainder are engaged in 
research or other forms of industrial or governmental 
activities. 

Hope College was established by and is under the 
control of the General Synod of the (Dutch) Reformed 
Church in America. The first freshmen class was or- 
ganized in 1862 and the charter granted in 1866. Es- 
tablished as ‘‘an institution of high order for classical 
and theological instruction” under Reformed Church 
auspices, and long noted for the religious character of 
its training, it includes among others, the following 
alms: 


To train the student in understanding and evaluating the 
thoughts of others and in expressing his own thoughts clearly 
and effectively. 


To provide the student with intensive concentration in one 
field of learning and with the techniques of research which are 
ordinarily associated with that field, so that he will be adequately 
prepared to take his place in graduate schools or directly in his 
chosen vocation or profession. 


The record of Hope graduates is proof of the success 
with which these aims are fulfilled. 

A high proportion of the student body of the college 
is drawn from the large Dutch populations of, Western 
Michigan, Illinois, New Jersey, New York, Wisconsin, 
and Iowa, which still reflects the early Dutch influence 
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on the College. The enrollment, however, also includes 
students from more than a dozen other states as well as 
several foreign countries. As a consequence of the war 
and the overrunning of the Netherlands by the Nazis, 
an increasingly large number of students from that 
country have matriculated at Hope. 

Credit for establishing the practices leading to Hope’s 
present eminence in chemistry belongs largely to the 
late Professor Almon T. Godfrey, who was Instructor 
in Chemistry and Physics from 1904 to 1908, Assistant 
Professor in 1908-09, and Professor of Chemistry from 
1909 until his death in 1923. Professor Godfrey was a 
physician, although in his later years most of his time 
was devoted to teaching chemistry. A stern teacher 
and a strict disciplinarian, he nevertheless exhibited a 
dry sense of humor, and commanded the respect of his 
students. His teaching constantly emphasized the 
importance of fundamental principles, of thoroughness, 
honesty, and accuracy. Students who exhibited a 
genuine interest in chemistry and who met his exacting 
standards were rewarded with praise which was the 
more valued because it was sparingly given, and with 
the opportunity of serving as student assistants. As 
freshmen and sophomores they worked in the supply 
room, and as juniors and seniors they assisted in ele- 
mentary laboratories. No pay or credit toward gradua- 
tion was forthcoming, and yet, strangely, such appoint- 
ments were highly prized and actively sought after. 

On the walls of the lecture room were placed the 
photographs of those graduates who had been awarded 
assistantships and fellowships in chemistry in various 
graduate schools. Interest in them was maintained by 
frequent reports of their progress and success in pro- 
fessional life. Thus there gradually developed the 
tradition that chemistry is an especially important and 
desirable profession, on a par with that of medicine, and 
that Hope chemistry students are in particular demand. 

In the summer of 1923 Professor Godfrey suddenly 
died. His place was filled on very short notice by 
Gerrit Van Zyl, a Hope graduate who had just com- 
pleted his doctoral work in physical chemistry at the 
University of Michigan. Born in Sioux Count, Iowa, 
in 1894, Dr. Van Zyl received his elementary and high- 
school education in the Hospers, [owa, public schools 
and the Northwestern Classical Academy. He was 
graduated from Hope in 1918 and was awarded the 
State College Scholarship to the University of Michigan. 

At the time Dr. Van Zyl became Professor of Chem- 
istry the curriculum consisted of one year of general 
chemistry, in which most of the laboratory work of the 
second semester was devoted to the qualitative analysis 
for the cations, a year of analytical chemistry, con- 
sisting of one semester of qualitative analysis for the 
anions and one semester of volumetric analysis, a year 
of organic chemistry, and a year of gravimetric analysis. 
The latter was a laboratory course only. All were 
taught by Dr. Van Zyl as they had been by Professor 
Godfrey. 

The facilities consisted of two small laboratories 
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accommodating a dozen or fifteen students each at the 
most. One wes used for general and the other for 
organic chemistry. A third laboratory, somewhat 
larger, was used for sophomore and senior analytical 
courses. These served with little modification until 
1942. 

Professor Van Zyl carried on the work in the tradi- 
tion established by his predecessor, and gradually added 
his own unique contributions to the place of chemi- 
cal education in the institution. Closer contact with 
the alumni was maintained. He became a regular 
attendant at the conventions of the American Chemical 
Society, where most of his time was spent in looking up 
“his boys,”’ checking up on their progress, and cement- 
ing their ties with the college. Reports of an impressive 
nature were carried back to the college and its current 
student body. For several years the number of Hope 
chemists present at such meetings has been sufficient 
to hold an alumni dinner, sometimes as a part of the 
scheduled convention program but usually organized 
by Professor Van Zyl and arranged by an alumnus in 
the area. 

Prior to World War II Hope College had an enroll- 
ment of approximately 500. By 1947-48 it had risen 
to more than 1300. The College is not yet accredited 
by the American Chemical Society, but the problems 
involved in meeting the conditions for such accredita- 
tion are well on the way to being solved. Under the 
able leadership of President Irwin J. Lubbers, a mem- 
ber of a family represented at Hope by students and 
teachers for more than a quarter of a century, great 





A Chemistry Laboratory in the New Hope College Science Building 
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strides have been made. A new science building was 
placed in use in 1942. Important additions have been 
made to the library, including the gift of a large part of 
the private collection of the late Moses Gomberg. The 
curriculum has been adjusted to conform to the recom- 
mendations of the American Chemical Society, and the 
faculty has been enlarged. 

In 1928 J. Harvey Kleinheksel, another Hope grad- 
uate who had just received the Ph.D. from the Uni- 
versity of Illinois, became Associate Professor of Chem- 


istry. His coming relieved Professor Van Zyl of much 


of the overwhelming burden of responsibility for all 
courses. With his coming, too, courses in physical 
chemistry and in the chemistry of the rare elements 
were added to the curriculum. His rigorous and 
thorough freshman course has been described as one of 
the best in the country. ; 

The present chemistry staff consists of three full-time 
members, including Professor Van Zyl, Dr, Klein- 
heksel, and Theodore W. Vanderploeg, M.S. The 
present curriculum includes courses in general inorganic 
chemistry (one year), qualitative analysis (one semes- 
ter), introductory quantitative analysis (one semester), 
organic chemistry (one year), advanced quantitative 
analysis (two semesters), theoretical and physical 
chemistry lectures (one year), physical chemical meas- 
urements (one year), chemistry of the rarer elements 
(one semester), advanced organic lectures and labora- 
tory (one semester), history of chemistry (one semes- 
ter), and special problems (by arrangement). Credit 
toward graduation for service as.a laboratory assistant 
is not given, but a grade 
for such service is recorded 
on the student’s transcript. 

The new science building, 
erected in 1942, was made 
possible by a campaign 
conducted in the Reformed 
Church, which also main- 
tainsCentralCollegein Pella, 
Iowa, and by generous con- 
tributions from the alumni. 
Even so, the scope of the 
original plans had to be re- 
duced because of the limited 
funds which were avail- 
able, increased construction 
costs, and preparations for 
war. Funds with which to 
fully equip the laboratories 
were not then available. 
Observing this lack of essen- 
tial equipment and recog- 
nizing that the value of the 
new building would be 
largely lost if it could not be 
provided, a group of chem- 
istry graduates undertook to 
organize the science alumni 
of the College for the pur- 
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pose of meeting this need. At the 1946 A.C.S. meetings 
in Atlantic City and Chicago, the Hope Science Alumni 
Chapter was organized with the full approval of the 
college administration. Professor Van Zyl was elected 
Secretary. This Chapter is identical with others of the 
college alumni chapters except that its membership 
consists of science graduates, and its location is not 
fixed. Its meetings are held coincidentally with those 
of the American Chemical Society, and frequently in 
cooperation with other nearby alumni chapters. The 
program of the chapter is planned by a central com- 
mittee made up of alumni representing all branches of 
science. A definite financial goal has been set and very 
encouraging progress has been made toward its realiza- 
tion. The contributions collected are placed in the 
“Science Alumni Fund,” which is administered by the 
college. In this way the Hope science alumni are en- 
deavoring to help meet the needs of the college in pro- 
viding adequate instruction in the sciences. 

Important among student activities is the Chemistry 
Club which was organized in 1923. Membership in the 
club has averaged eighteen or twenty, and is expected 
to reach thirty this year. To become a member of the 
club a student must maintain a “B” average in chem- 
istry, must have good grades in other courses, and must 
be recommended by Professor Van Zyl with the advice 
of other members of the staff. 

At the A.C.S. meeting in Chicago in April, 1948, the 
Science Alumni Chapter, in cooperation with the 
Chicago Alumni Chapter, tendered a dinner to Pro- 
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fessor and Mrs. Van Zyl in honor of twenty-five years 
of service to the college. Appropriate gifts, symbolic of 
the affection in which they are held, were presented to 
them, and many speakers testified to the high place 
Professor Van Zyl occupies in American science educa- 
tion. 

Not the least of those things contributing to the out- 
standing success of Hope College in chemical education 
is the close personal relationship which exists between 
student and teacher. Quite common in small colleges, 
this advantage is frequently lost in the large institutions. 
The modest, friendly, and unassuming character of 
“Doc” Van Zyl, as he is known to all Hope graduates, 
makes him the lasting friend, the confidant, adviser, 
and inspiration of all who sit in his classes. The ines- 
capable conclusion is that the combination of skillful, 
devoted teachers, and conscientious, enthusiastic stu- 
dents is fundamental in the training of chemists at Hope 
college. 
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e AN IMPROVED SEMIMICRO 
DISTILLING TUBE 


GERALD R. LAPPIN 
Antioch College, Yellow Springs, Ohio 


Tne seMIMIcRo distilling tube as described by Cher- 
onis,! while quite convenient for the distillation of small 
amounts of material, suffers from three drawbacks. 
High boiling liquids are almost invariably contaminated 
by contact with the rubber tubing which must be used 
to connect the side arm of the distilling tube to the 
delivery tube. Atmospheric moisture often condenses 
on the finger condenser used with this setup, giving a 
wet distillate. Receivers cannot be changed rapidly 
enough by an inexperienced student to allow a distilla- 
tion to proceed in the desired steady manner when 
collecting fractions. Figure 1 illustrates a modification 
of this apparatus which eliminates the rubber connec- 
tion and the finger condenser and which permits very 
rapid change of receivers. It has been found to give 
considerably less trouble in the hands of beginning 


4 





1 Cueronis, N. D., ‘“Semimicro and Macro Organic Chemis- 
try,” Thomas Y. Crowell Co., New York, 1942, p. 63. 


students. For liquids boiling below 100°C. it is neces- 
sary to wrap the side arm with damp toweling. Very 
volatile liquids, such as ether, require cooling of the 
receiver in a beaker of water. 

The semimicro fractionating column of Cheronis? 
may be similarly modified to eliminate the same dif- 
ficulties. 





2 Ibid., p. 75. 





5 mm. Pyrex tubing eed 





+f ml. “Cheronis” distilling tube 














& DISPLAY OF ELECTRONIC CONFIGURATION 
BY A PERIODIC TABLE 


In 4 previous communication (1) a stepwise format 
of the periodic table was proposed and called a New 
Long Chart, and a modified Rydberg series was used as 
a basis for calculating the atomic numbers of chemically 
related elements. The purpose of the present paper is 
to show how a slightly more symmetrical version of the 
New Long Chart is constructed from the modified Ryd- 
berg series by an entirely arithmetical process, and that 
this version, called the Airthmetical Table, clearly dis- 
plays the probable electronic configurations of the 
atoms as well as the chemical relationships previously 
noted. 

For the sake of clarity, the construction of the table 
and the manner in which it displays the probable elec- 
tronic configurations will first be described without ref- 
erence to possible anomalies; these latter will be men- 
tioned later in the paper and some apparently hitherto 
unnoticed relationships regarding atomic number, prin- 
cipal and serial quantum numbers, and valency, will 
be suggested. 

The Successive Sums of the Modified Rydberg Series. 
Let S, represent the sum of the first ¢ terms of the modi- 
fied Rydberg series: 

S, = 2-12 + 2-12 + 2-2? + 2-22? + ... + 
2+(*/at + 74 — '/(—1)*)? 

The successive values of the sums of the above series, 
fort = 1,2,3...8, are 2, 4, 12, 20, 38, 56, 88, 120, re- 
spectively. 

Construction of the Arithmetical Table. In a vertical 
column (headed s? in Table 1, are written the successive 
sums of the modified Rydberg series, viz., 2, 4, 12, 20, 
38, 56, 88, and 120. At the left of these integers are 
written the remaining positive integers in descending or- 
der from right to left.’ 

In this way a table is formed which contains all the 
positive integers up to 120 without repetition in rows 
and columns. The symbol of each known element is 
written above that integer which represents its atomic 
number. 

Periods, Blocks, Columns, and Rows. At the right of 
the column headed s? in Table 1 is a marginal column 
headed t in which the rows of the table are numbered I, 
II, III... VIII from top to bottom. These are the Pe- 
riod Numbers of the table. 

Table 1 has been divided into four blocks of elements 
by interposing a margin at the rise of each step. The 
right-hand block, called the s-block, consists of two col- 
umns headed s! and s*. The block next to it is the p- 
block and its columns are headed p', p?, p?...p*% At 
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the left of the p-block is the d-block, whose columns are 
headed d', d?, d*...d". The left-hand block is the /- 
block, and its columns are headed f", f?, f*... f!4. 

In the margin at the left of each block, the rows of 
that block are numbered (in lower case Roman) from 


top to bottom. The top row of the s-block is numbered _ 


i; that of the p-block ii; of the d-block iii; and the f- 
block iv. These numbers will be referred to as row 
numbers. 

The Electronic Subgroup of Highest Energy. The 
number of electrons in the highest energy subgroup and 
the principal and serial quantum numbers of that sub- 
group, are immediately read from the column heading 
and row number of the table for any given atom. The 
row number to which the atom belongs gives the princi- 
pal quantum number, and the column heading gives 
the number of highest energy electrons and the literal 
designation of their serial quantum number. 

Thus 3sSr is found in row number v, column s?. Hence 
its highest energy electrons have principal quantum 
number 5, occupy subgroup s, and there are two such 
electrons. The highest energy subgroup is therefore 
5s”. 

Similarly, 3;As is found in row iv, column p?; its high- 
est energy subgroup is therefore 4p’. 

Again, «Sc is in row iii, column d'; its highest energy 
subgroup is 3d!. 

Lower Energy Electronic Subgroups. The principal 
quantum number, serial quantum number literal, and 
number of electrons of the subgroup underlying that of 
highest energy are found by locating the atom in the 
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table and then moving along decreasing atomic num- 
bers until the right-hand column of the next block is 
encountered. The row number and column heading of 
this new position give the required information. 

Thus the subgroup underlying the 5s? subgroup in 
yor is found by moving from 3sSr to 3sKr; the row num- 
ber and column heading of ssKr are iv and p*. Hence the 
second highest energy subgroup in Sr is 4p*. 

Similarly, the subgroup underlying 4p‘ is found by 


689 





and, using this new quantum number, enunciated the 
following rule: 


Electrons form successive subgroups around the nucleus of an 
atom in such a way that the mixed quantum number of transition 
(t) increases regularly. But several subgroups can have the 
same value for this number. The formation then starts with 
the subgroup which bears the smallest value of n. When all the 
subgroups having the same value for ¢ have been formed by fol- 
lowing increasing values of n, the next electron is placed in the 
subgroup corresponding to a value of ¢ increased by unity, whose 





TABLE 1 
Arithmetical Table of the Elements 
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moving from gsKr to sZn, giving 3d". The subgroup of 
next lower energy is found by passing from Zn to 2Ca, 
yielding 4s. The next lower energy subgroup is found 
by passing from Ca to isA, yielding 3p*. Passing from 
sA to 2Mg yields 3s?; moving to »Ne yields 2p’, then 
to «Be yields 2s?; finally, passing to 2He yields 1s?. 

In this way we have deduced from Table 1 the com- 
plete configuration of sSr; in decreasing order of energy 
it is 5s*4p°3d"4s°3p°3s?2p'2s"1 s?, 

Exceptional Configurations. The configurations dis- 
played by the Arithmetical Table agree entirely with 
those given by Yeou Ta’s rule (2). This worker called 
the sum of the principal (m) and serial (J) quantum 
numbers the mixed quantum number of transition (t), 





TABLE 2 
Exceptional Electronic Configurations 





Relevant part of the configuration 





according to: 
Arithmetical Spectrographic 
Element table data 
oCr 4s? 3d* 4s! 3d5 
29Cu 4s? 3d9 4s! 3d10 
aCb 5s? 4d8 5s! 4d‘ 
«Mo 5s? 4d4 5s! 4d5 
aRu 5s? 4d¢ 5s! 4d7 
aRh 5s? 4d7 5s! 4d8 
asP-d 5s? 4d8 589 4d10 
wAg 5s? 4d9 5s! 4d10 
s7La 4f! 5d° 4f? 5d! 
aGd 4f* 5d° 4f? 5d} 
wPt 5d® 6s? 5d® 6s! 
pAu 5d® 6s? 5d!° 6s 
goth 5f? 6d° 5f? 6d? 
92U 5f* 6d° 5f? 6d! 





value for n is least; and so on, following the series of permissible 
numbers. 


The generally accepted electronic. configurations of 
some atoms, as given in published lists (3) show some 
small differences from the Arithmetical Table and Yeou 
Ta’s rule. Table 2 gives those 14 elements for which 
present spectrographic data appear to conflict with the 
Arithmetical Table. In 12 of the cases the difference is 
in the placement of one electron in one of two contigu- 
ous subgroups, while in the remaining cases the place- 
ment of two electrons in such subgroups is in question. 
In all cases the difference in energy between the ac- 
cepted and Arithmetical configurations is quite small. 
A possible explanation of these exceptions could be that 
during the production of the emission spectra from 
which the accepted configurations are deduced, most of 
the atoms may have failed to regain their true ground 
states. 

On the other hand, Table 3 gives six cases in which 
spectroscopic data yield configurations in closer agree- 
ment with those deduced from the Arithmetical Table 
than with those quoted by Meggers (4) as having been 
deduced theoretically by Hund. In five of these cases, 
the experimentally found configurations agree entirely 
with those deduced from the Arithmetics | Table. 

Hydrogen and Helium. The Arithmetical Table dis- 
plays the chemical relationships which are shown by the 
usual long chart type of periodic table, except that he- 
lium is placed at the head of a column containing the 
alkaline earth metals. From the point of view of its 
chemical properties, there is no justification for group- 














TABLE 3 


Configurations in Closer Agreement with the Arithmetical 
Table than with Hund’s Predictions 


Relevant part of the configuration according to: 





Spectrographic Arithmetical 

Element Hund data table 
soNd 4f* 5d} 4f* 5d° 4f* 5d° 
«25m 4f> 5d} 4f® 5d° 4f® 5d° 
63Eu 4f® 5d} 4f? 5d° 4f? 5d° 
691m 4f!2 5d} 4f18 5d° 4f18 §d° 
2Yb 4f13 5d! 4fl4 5d? 4f14 §d° 
92U 7s! 5f? 6d® 7s? 5f? 6d! 7s? 5f4 6d° 





ing helium with this column, the remaining members of 
which all possess two electrons which are readily trans- 
ferred. Hydrogen and helium are the only elements all 
of whose electrons are entirely unscreened from the 
large electrostatic attraction of the nucleus. Their 
electrons are therefore far less readily available for 
transfer than are those of lithium and beryllium, whose 
highest energy electrons are less firmly bound to the 
nuclei because of the intervention of a screen of two 
electrons. Except, therefore, in gas discharge tubes and 
of the like, hydrogen and helium do not form simple 
cations. The electrovalency of hydrogen may be 
ascribed to its tendency to complete, rather than lose, 
its K-shell, producing the H~ ion by accepting an elec- 
tron (as in metal hydrides), or solvated hydrogen cation 
(such as H;0*) by sharing electrons. To ernphasize the 
lack of screening electrons, a horizontal line has been 
drawn to separate H and He from the remainder of 
their columns in Table 1. The positions of H and He in 
that table are defended on grounds which are configura- 
tional, not chemical. 

Valency Electrons. It will be postulated here that 
valency electrons are such as can be transferred or 
shared, and that these electrons either: (1) belong to 
any incomplete subgroup (s, p, d, or f); or (2) form an 
s subgroup in a shell which, although capable of so do- 
ing, possesses no other complete subgroup. 

From this postulate it is seen that the elements He, 
Ne, A, Kr, Xe, and Rn possess no valency electrons, 
despite the fact that the principal quantum groups (7. e., 
shells) of the last four are incomplete. 

The elements in the d!° column show close chemical 
relationships, as do the elements in each of the columns 
in the p- and s-blocks, always excepting H and He. The 
elements in the d® column show rather less close relation- 
ships, and those between the elements constituting any 
of the d-columns lessen with decrease in the column 
number. There is, however, some evidence of chemical 
relationships between the elements constituting parts of 
the horizontal rows of the d-block. Thus each of the 
well-known triads Fe, Co, Ni; Ru, Rh, Pd; Os, Ir, 
Pt; forms portion of such a row. According to the 
postulate, the maximum number of valency electrons 
in an atom belonging to a d*-column is a + 2, but the 
number of valency electrons actually transferred may 
well fall short of this maximum because of the large 
electric potential produced on an ion by the transfer of 
more than 3 electrons and the accompanying contrac- 


JOURNAL OF CHEMICAL EDUCATION 


tion of the ionic radius. Furthermore, the small energy 
difference between the neighboring high energy sub 
groups permits electrons to vacate an s subgroup in or- 
der partially to complete a d subgroup. Similar con- 
siderations of electric potential and electron activation 
apply to the f-block wherein elements show strong hori- 
zontal relationships. 

Thus we may consider that the valencies of elements 
inthe s- and p-blocks are determined mainly by con- 
figuration, while the availability of valency electrons in 
the d- and f-blocks is determined mainly by the electric 
potential developed when they are transferred. This 
may account for the gradual change from vertical to 
horizontal relationships on passing from right to left of 
the table, as was previously pointed out (1). 

The Rare Earth Elements. The f-block is headed 
“Rare Earth Elements,” and the first member of this 
block is s57La. Yost, et al., have pointed out that ‘“spec- 
troscopists usually do not include lanthanum in the 
rare-earth group since the complete absence of a 4f 
electron leads to a relatively simple spectrum very dif- 
ferent from that of the other elements in the group. 
Chemists, however, include lanthanum on the basis of 
its chemical properties” (5). The small amount of en- 
ergy needed to promote a 4f electron to the 5d level may 
cause the discrepancy between the spectroscopic and 
chemical evidence. The same workers include Lu 
among the rare earths (5), but its experimentally deter- 
mined configuration agrees completely with that de- 
duced from the Arithmetical Table (4). 


Elements having atomic numbers greater than 88 oc- 
cupy part of row v in the f-block, in agreement with the 
evidence published by Kiess, e¢ al. (6); they have been 
called the actinide series of rare earths by Seaborg (7). 

Numerical Relationships In the previous communi- 
cation (1) it was shown that the period number of an 
atom is the maximum sum obtained by adding, for each 
electron, the principal and serial quantum numbers. 
This is identical with Yeou Ta’s mixed quantum number 
of transition, defined in a previous paragraph. Hence 
the extreme right-hand column of Table 1 is headed ¢. 

The period number (¢) of an atom of atomic number 
Z may be calculated by finding the least number of 
terms to which the modified Rydberg series must be 
summed in order to equal or just exceed Z. Thus the 
period number is the smallest value of ¢ for which 


tt he + + 1/2 — H/x(-1)) > 


It has already been shown (/) that the formation of a 
new period is marked by a suddenly increased complex- 
ity of the electron shells, and the New Long Chart had 
its periods marked s, s, sp, sp, spd, spd, spdf, spdf, re- 
spectively. This may be restated in the form of an 
equation in which Ix. is the maximum value of the 
serial quantum numbers in an atom belonging to period 
t: 


Imax, = '/at — */4 — */4(—1)* 
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Deduction of Electronic Configuration from the Modi- 
fied Rydberg Series. In order to write the configuration 
of any atom of given atomic number Z, it is unnecessary 
to consult Table 1, for the following process reproduces 
the essential steps in constructing enough of the table 
to lead very quickly to the desired result. 

In a row from left to right write the successive sums 
of the modified Rydberg series until a term Z; has been 
written which equals or exceeds the given atomic num- 
ber Z. Under‘each of the terms thus written place the 
corresponding value of ¢, 7. e., number them serially 
from left to right. Under each of these numbers write 
s*. Under each s?, except the first and the last, write 
p’. Under each p*, except the first and the last, write 
d®, Under each d’, except the first and the last ,write 
fi‘. Starting at the top, electrons are removed from the 
extreme right-hand term of each row until Z, — Z elec- 
trons have been taken. This leaves the required con- 
figuration, the value of ¢ (given in the second row) in 
each column is the principal quantum number for the 
subgroups in that column. Tables 4 and 5 illustrate the 
procedure. 

If the resulting array is transcribed by starting at the 








TABLE 4 
Deduction of the Electronic Configuration of Element 
No. 74 
S: 2 4 12 20 38 56 88 (=Z1) Remove 88 
14 elec- 
trons 
i 45 3. @y-6 6 7 
gs? gs? 382 8? s? 8? 2 
+ $ ¢ 4 
ps ps 6 ps pe om 6 
| | : 
dio dio qi0-6=4 6 
| fe? 
bs Total 14 


Required configuration in order of increasing principal quan- 
tum numbers: 1s? 2s?p* 3s?p*d!° 4s2p®d1°f14 5s2p%d‘ 6s?. 





top left-hand corner and working vertically down each 
column in turn, toward the right, as shown by the ar- 
rows in Table 4, the subgroups are given in the usual or- 
der, 7. e., of increasing principal quantum numbers. It 
is, however, considered preferable to write the sub- 
groups in the order of their energies; to do this the ar- 
ray is transcribed by starting at the top right-hand cor- 
ner and working down each diagonal in turn, as shown 
by the arrows in Table 5. As each subgroup is trans- 
cribed, it should be placed at the left of its predecessor, 


@& 
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so that the resulting configuration gives the subgroups 
in order of increasing energy levels. 

The Energy Order of Electronic Subgroups. Mnemon- 
ics have been proposed (8, 9) for reconstructing the or- 
der in which the electronic subshells of atoms are filled. 
This order can be written directly by a simple arithmeti- 
cal rule derived from the structure of the Arithmetical 
Table. 

Write down any desired s subgroup, say 7s. At its 
left write a subgroup composed of the principal and se- 
rial quantum numbers respectively decreased and in- 
creased by unity (6p); continue thus, stopping only 
when the next subgroup would have equal principal and 
serial quantum numbers. Now write another s sub- 
group having a principal quantum number 1 less than 
that of the preceding s subgroup, and continue as above. 
Repeat the procedure until 1s is reached. The result is 
given in the line below; the s subgroups are in black 
type for emphasis, and the order was constructed from 
right to left: 1s; 2s; 2p, 3s; 3p, 4s; 3d, 4p, 5s; 4d, 
5p, 6s; 4f, 5d, 6p, 7s. 





TABLE 5 


Deduction of the inetveaste gapeetawanstion of Element 
°. 





Si: 2 4 12 20 38 Z, — Z = 12 
t: 1 2 3 4 a 
g2 sg 32 32 g2- 250 2 
Lf 
p® p® pt ome 6 
Gie-4m6 4 
Total 12 


Required configuration in order of increasing energy of sub- 
groups: 1s? 2s? 2p* 3s? 3p 4s? 3d°, 
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& THE ELECTRON 


Tere 1s an increasing tendency in the teaching of 
college chemistry to describe the behavior of elements 
in terms of the electron configuration of their atoms. 
Use is made of both the principal quantum number, n, 
and the orbital angular momentum quantum number, 
l. Valence (1), bond angles, bond strengths (2), mag- 
netic properties, as well as acidic and basic behavior 
(3) are some of the phenomena of which even a some- 
what elementary treatment requires a knowledge of the 
electron configurations. 

The electron configuration of the atoms can be ob- 
tained from a list such as is given in the table or chart, 
but unless one uses such table or chart it is necessary to 
know at which atomic number each shell or subshell 
begins to be occupied by electrons. The configuration 
of an atom of an intervening element can then be found 
in most cases by interpolation. The existence of simple 
rules that could be used to formulate the electron con- 
figuration would aid in inducing teachers to discard the 
oversimplified and overworked octet theory of valence 
in favor of the modern treatment of valency which 
makes use of the n and / quantum numbers. It is the 
purpose of this article to suggest a rule which can 
greatly simplify the problem of writing the electron con- 
figuration of the ground state of an atom of any number 
from 1 to 96 in terms of the n and / quantum numbers. 

By the ground state is meant that state of the atom 
in which the electrons are in the lowest possible energy 
levels. It will be remembered that the principal quan- 
tum number, n, has integer values, 1, 2, . . .and that the 
quantum mechanical requirement for | is such that it 
can take only values of 0, 1, 2, ...(mn—1). 

The symbol for the n and / quantum numbers of an 
electron is the numerical value of n followed by one of 
the letters s, p, d, or f, each of which correspond to a 
value of / equal to 0, 1, 2, or 3, respectively. The num- 
ber of electrons having identical values of n and of | are 
indicated by a superscript to the right of the letter. 
Thus 3p' indicates that there are 5 electrons of n = 3 
and / =1. 

The assigning of quantum numbers to the electrons 
in the ground state of an atom, and the building up of 
the periodic system are guided by two well known 
principles: 

(a) The Pauli principle, namely, that in one and the 
same atom no two electrons can have the same four 
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quantum numbers, the four quantum numbers being 
n, l, mand m,« The symbols m, and m, stand for the 
magnetic and spin quantum numbers, respectively. 

(b) In going from one element to the one of next 
higher atomic number, in the building up of the pe- 
riodic table, of all the permissible states, the additional 
electron enters that vacant orbit of the atom in which 
it has the lowest energy. 

Rule (a) limits the maximum number of equivalent 
electrons, 7. ¢., those having identical values of n and of 
l. It fixes the maximum number of electrons that can 
be in any shell or subshell. However, the problem of 
selecting the particular quantum numbers of the avail- 
able lowest energy state for the incoming electron still 
remains. In the building up of the periodic table there 
are many unoccupied levels available for the entering 
electron, but rule (b) does not indicate in which one of 
the unoccupied subshells the incoming electron will have 
the lowest energy. One must accept the experimental 
evidence, obtained chiefly from spectral data, as to 
which available n and 1 value gives the lowest energy 
and is taken by the incoming electron. Rules (a) and 
(b) by themselves do not lead to any method for assign- 
ing quantum numbers to the electrons in the building 
up of the periodic system. 

A guide to the selection of the proper quantum num- 
bers for an incoming electron in the building up of 
atoms can be obtained by adding the following to rule 
(b): 

The additional electron enters the quantum state with 
the lowest (n + 1) value, and when more than one state 
having the same (n + 1) value is available the electron se- 
lects the state with the lowest n number. 

It should be stated at this point that there are ex- 
ceptions to this rule, but they are relatively unimpor- 
tant to the chemist as will be seen later. It is also true 
that a straightforward quantum mechanical approach 
to the problem is possible, but accurate solutions of the 
equations, even for the simplest atoms are extremely 
difficult. Qualitatively, the quantum mechanical 
treatment has yielded useful information. For example, 
from calculations of the eigenfunctions of the 4f and 
5f electrons, Mayer (4) concluded that the 4f orbit be- 
gins to be filled at an atomic number of 60 or 61, and 
that an electron first enters the 5f level in element 91 or 
92. Furthermore, even with the spectral data that are 
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available the exact distribution of electrons in some 
elements has not been definitely fixed. The doubtful 
positions are indicated by the bracketed electrons in 
the table.* 

The proposed rule enables one to arrive at the elec- 
tron configuration of the ground state of any element. 
As illustrations, the electron distribution of several 
elements are worked out. Let us take aluminum with 
its atomic number, Z = 13. We start with the con- 
figuration for Z = 12: 1s?, 2s?, 2p®, 3s?, as can be seen 
in the table. The next electron could enter the 4s or 3p 
orbit in addition to a large number of others. The 
smallest (n + 1) value is found to be that of the 3p and 
4s levels. Since both have identical values for (n + 1) 
the electron enters the orbit with the lowest n value 
which is 3p. Thus, the arrangement of the electrons 
for aluminum is: 1s?, 2s, 2p°, 3s?, 3p’. 

As another example take the element Indium (Z = 49). 
Since element 48 has the distribution 1s?, 2s?, 2p*, 3s?, 
3p°, 3d”, 4s”, 49°, 4d”, 5s”, therefore electron 49 will 
take on the quantum values 5p. Although the 4/ levels 
are available, the (n +/) value for the 4f level is 7 com- 
pared to 6 for the 5p level. 

As a final illustration element 87 has the configura- 


tion 
2;8)] eke 5s? 
K li | Mi|wN 


Again it will be seen that levels 5f, 5g, 6d, etc., are 
available, yet the last added electron has taken up the 
position 7s in accordance with the proposed ‘energy 
rule. 

It can be seen that in each of the above illustrations 
use is made of the electron distribution of the element 
with the atomic number Z — 1, 7. e., the element pre- 
ceding the one in question. However, the (n + 1) rule 
makes it unnecessary to refer to the preceding element. 
The Pauli principle limits the maximum number of s, 
p, d, and f electrons to 6, 8, 10, and 14, respectively. It 
will be remembered that the number of terms possible 
is equal to the numerical value of n, and that the / 
terms are known as 8, p, d, and f. 

To obtain the electron configuration for any atom one 
may write the symbols for the various levels in the 
order of their (n + 1) values (and when necessary, the 
n values), as set forth in the proposed (n + 1) energy 
rule, thus: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, ete. 
Then the superscripts may be entered up to the point 
where the sum of the superscripts equals the atomic 
number of the element in question. As an example, for 
the element antimony (Z = 51) we have 1s?, 2s”, 2p°, 
38”, 3p8, 487, 3d'°, 4p8, 5s?, 4d'°, 5p*. 

It is not surprising that there are exceptions to the 
proposed energy rule or that there are a number of 
“irregularities” in the table of electron configuration. 
The relative energies of the various levels available to 
incoming electrons as well as of those already occupied 
by electrons must be changed to some extent during the 


* Spectral data for the transuranium elements appear not to 
have been declassified. 
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building up process. To a first approximation we may 
say that the entering electron is influenced mainly by 
the charge on the nucleus, the effect of the neighboring 
electrons being secondary. However, it appears that 
in exceptional cases, the energies of the levels predicted 
by the (n + J) rule and the actual levels taken up by 
incoming electrons have about the same values; and 
the entrance of the electron into one orbit instead of a 
very close neighboring one may be considered unim- 
portant from the chemical viewpoint. 

The energy rule proposed in this article makes it 
possible to chart the relative energy levels qualitatively. 
as will be seen by viewing the levels in the chart. The 
rule is successful in indicating the position of the start 
of every shell or subshell in the electron distribution 
table except in the case of lanthanum and actinium. 
It is interesting to note that the energy rule correctly 
predicts the electron distribution for the rare earths 
according to the recent values as suggested by Meggers 
(5). Moreover, the existence of a single 5d electron for 
several members of the rare earths series, as given 
in most electron distribution tables, is marked ‘“‘doubt- 
The exact agreement between the configuration 
according to the simple (n + Il) energy rule and that 
suggested by Meggers as indicated in the table should 


.<o O00 


6p 
SOOO 


5p OOO 
“ — OO00O 1 


4? ——COO 
3d 
4s—O 


8p —O0O. 
8s—O- 






































OO00O: ] 




















2p OOO- 








b—O 


Approximate Energy Levels for Atomic Orbitals 





JOURNAL OF CHEMICAL EDUCATION 




































































664 
Electron Configuration for the Ground States of the Elements* 
os K L M N O Pp Q 
Ylement 
4 1s 2s 2p 3s 3p 3d 4s 4p 4d 4f 5s Sp bd Sf 5g 6s 78 
1H 1 
2 He 2 
3 Li 2 1 
4 Be 2 2 
5 B 2 241 
6 << 2 2° 3 
7 N 2 2 3 
8:0 2 2 4 
9 F 2 a ae 
10 Ne 2 a 
11 Na 2 2 6 1 
12 Mg 2 2 6 2 
13 Al 2 2 6 a ok 
14 Si 2 2: 06 a J 
1s: 2 2 eo 2 3 
16 §S 2 Take 2 +4 
17 Cl 2 2 6 Sih 
18 A 2 2 6 2 kG 
19 K 2 2 06 2° 26 1 
20 Ca 2 2 6 ee 2 
21 Sc 2 2 6 2 6 1 2 
22 Ti 2 2 6 2 6 2 2 
23 =+V 2 2-8 2.6 3 2 
24 Cr 2 2 6 2 6 5 1 
25 Mn 2 2 6 2 6 5 2 
26 Fe 2 2: *6 2-6 6 2 
27 Co 2 2 6 2 6 7 2 
28 Ni 2 2- 6 2 76 8 2 
29 Cu 2 2 6 2. “6-49 1 
30 Zn 2 2-016 2 6--onp 2 
31 Ga 2 7 ee 2 6. 2. 4 
32 Ge 2 2-6 2 *6 10 2: 2 
33 As 2 2 6 a 2 3 
34 Se 2 2 6 2 6-0 2 4 
35 Br 2 2 © 2 ¢ 2 5 
36 Kr 2 2 6 2-26; 10 2 6 
37 Rb 2 8 18 2 6 i 
38 Sr 2 8 18 2 6 2 
39 Y 2 8 18 28. 2 
40 Zr 2 8 18 26° “2 2 
41 Cb 2 8 18 26 4 1 
42 Mo 2 8 18 2 6.5 1 
43 Te 2 8 18 2 6 (5) (2) 
44 Ru 2 8 18 2 6 7 1 
45 Rh 2 8 18 2:6 38 1 
46 Pd 2 8 18 2 6 10 
47 Ag 2 8 18 2 6 10 1 
48 Cd 2 8 18 2 6 10 2 
49 In 2 8 18 2 6 20 2 1 
50 Sn 2 8 18 2 6 10 2 2 
51 Sb 2 8 18 2 6 10 2 3 
52 Te 2 8 18 2 6 10 2 4 
53 I 2 8 18 2 6 10 2 5 
54 Xe 2 8 18 2 6 10 2 6 
55 Cs | 2 8 18 2 6 10 2 6 1 
56 Ba 2 8 18 2 6 10 26 2 
57 La | 2 8 18 2 6 10 es 2 
58 Ce 2 8 18 2 6 10 ® 2 6 (2) 
59 Pr 2 8 18 2 6 10 2 6 (2) 
60 Nd 2 8 18 2 6 10. 4 2 6 2 
61 Pmt 2 8 18 2 6 10 (5) 2 6 (2) 
62 Sm 2 8 18 2.6 40.768 2 6 2 
63 Eu 2 8 18 2 6.10) 2 6 2 
64 Gd 2 8 18 26 1 2 6: 4 2 
65 Tb 2 8 18 2 6-410" 2 6 (2) 
66 Dy 2 8 18 2 6 10 (10) a6 (2) 
67 Ho 2 8 18 2° 6 10 2 6 (2) 
68 Er 2 8 18 2 6 10 (12) 2 6 (2) 
69 Tm 2 8 18 2 6 10 13 2 6 
70 Yb 2 8 18 2 6 10 14 2 6 2 








* Values and symbols compiled from Herzberg,’ Meggers,® Babor and Lehrman.}? 
t The name Prometheum is not definitely accepted. The name Cyclonium has also been suggested. 
Seapore, Am. Scientist, 36, 361 (1948). 


(See publication by G. T. 
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saceainac 4s 4p 4d 4f 5s 5p 65d of 5g| 6s6p 6d 6f6g6h 78 
71 Lu 2 8 18 ?-6 0 ¥ en tae 2 

72 Hf 2 8 18 2 6 10 14 ey ee 2 

723 Ta 2 8 18 2 6 10 14 i se 2 

74 W 2 8 18 2 6 10 14 Tn eae 2 

75 Re 2 8 18 2 6 10 14 26 & 2 

76 Os 2 8 18 2 6 10 14 . 6 4 2 

77 Ir 2 8 18 2 6 10 14 - 4:9 2 

73 Pt 2 8 18 2 6 10 14 2-6 9 1 

79 Au 2 8 18 2 6 10 14 2 6 10 1 

80 Hg 2 8 18 2 6 10 14 2 6 10 2 

81 Ti 2 8 18 2 6 10 14 2 6 10 21 

82 Pb 2 8 18 2 6 10 14 2 6 10 22 

83 Bi 2 8 18 * 6-: 2 6 10 23 

84 Po 2 8 18 2 6 10 14 2 6 10 2 4 

85 At 2 8 18 2 6 10 14 2 6 10 2 5 

86 Rn 2 8 18 2 6 10 14 2 6 10 26 

87. Fr 2 8 18 2 6 10 14 2 6 10 2 6 1 
88 Ra 2 8 18 2 6 10 14 2 6 10 2 6 2 
89 Ac 2 8 18 2 6 10 14 2 6 10 26 (1) (2) 
90 Th 2 8 18 2 6 10 14 2 6 10 26 2 
91 Pa 2 8 18 . 6: 2 6 10 (2) 26 (1) (2) 
92 U 2 8 18 2 6 10 14 2 6 10 3 26 1 2 
93 Np 2 8 18 2 6 10 14 2 6 10 (4) 26 (1) (2) 
94 Pu 2 8 18 2 6 10 14 2 6 10 (5) 26 (1) (2) 
95 Am 2 8 18 2 6 10 14 2 6 10 (6) 26 (1) (2) 
96 Cm 2 8 18 2 6 10 14 2 6 10 (7) 26 (1) (2) 








not be taken too seriously since the energy difference 
between the 4f and 5d levels is very small (see chart). 
In connection with this question, Yost, Garner, and 
Russell (6) state that ‘the deviations from the expected 
4f"5d'6s? configurations are not greatly surprising as the 
systems are so complex that no definite predictions 
based on fundamental theory can be made. The gen- 
eral conclusions of chemical interest as to the nature of 
the rare earth group are not altered.” 

The other exception to the rule in indicating the be- 
ginning of a subshell is the case of actinium (Z = 
89) which should have a 5f electron. The (n + J) rule 
predicts the start of a series of elements similar to the 
rare earth elements beginning with actinium. Although 
the exact disposition of the valence electrons in actin- 
ium is still in doubt, the existence of 6d? electrons in 
thorium (Z = 90) strongly suggests a 6d electron in 
actintum. However, the chemical properties of the 
transuranium elements are consistent with the conclu- 
sion that element 89 (actinium) is the first of a rare 
earth-like series. This could be due to the filling of the 
5f level similar to the filling of the 4f level in the rare 
earth series. In discussing the transuranium elements, 
and referring to chemical evidence, Seaborg (7) states 
that “the evidence strongly indicates that we are deal- 
ing here with a transition series of elements in which the 
5f electron shell is being filled in a manner similar to the 
filling of the 4f electron shell in well-known rare earth 
series. Apparently this new transition series begins 
with actinium in the same sense that the rare earth 
series begins with lanthanum....’”’ He also states that 
“the most important criterion for arranging the heavy 
elements in this series is the probable presence of seven 
5f electrons (analogous to the stable gadolinium struc- 
ture) in tripositive curium (element 96), rather than the 


presence of the first 5f electron in thorium.”’ In another 
place the same author (8) states that ‘‘in the case of 
some of the elements in the series it may be something 
of an academic matter to assign electrons to the 5f or 
6d shells, as the energy necessary for the shift from one 
shell to the other may be within the range of chemical 
binding energies.’ 


DISCUSSION 


The question might be asked, “How exact are rules 
(a) and (6) and how do they lead to the periodic recur- 
rence of similar electron configuration?” Regardless 
of the principles which were used to obtain the distribu- 
tion of electrons in the ground state of an element, it is 
true that only experimental data, particularly spectral 
data, can uniquely and unambiguously yield informa- 
tion regarding the distribution of electrons. Rule (a), 
the Pauli principle, may be regarded as a generalization 
deduced from a vast quantity of spectral data. As 
Herzberg (9) states, ““The Pauli principle does not re- 
sult from the fundamentals of quantum mechanics, but 
is an assumption which, although it fits very well into 
quantum mechanics, cannot for the time being be the- 
oretically justified.”” However, there is no evidence of 
any exception to the Pauli principle. 

It should be stated that the Pauli principle may be 
regarded as only one example of a more general prin- 
ciple of nature that was originally formulated by Hei- 
senberg. Historically, the Pauli principle preceded the 
Heisenberg principle, which states that the complete 
eigenfunction of a system of two or more electrons must 
be of an antisymmetric nature. The latter postulate 
is not only a quantum mechanical formulation of the 
Pauli principle, as some books would lead us to believe, 
but it also contains an explanation of many other phy- 
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sical and chemical phenomena, e. g., the exchange forces. 

Rule (6) as stated here implies the existence of the 
Aufbauprinzip of Bohr and Stoner (11). This rule, 
taken along with the Pauli exclusion principle, actually 
explains the existence of a periodic table. It implies 
that as electrons are added one by one in “building up” 
an atom, the electrons already existing in the atom are 
not disturbed from their various states. It means that 
the structure of the inner core of successive atoms re- 
main the same, as is so clearly revealed by the regu- 
larity of x-ray spectra. 

This postulate of having the incoming electron in- 
fluenced only by the nucleus, the other electrons being 
merely “screening” electrons, is a very good approxima- 
tion, but only an approximation. Rule (b) can be 
stated so that it is exact, but then it will not imply the 
existence of the Bohr-Stoner “building-up” principle. 
For example, Moelwyn-Hughes (//) states that “the 
energy of the atom must be the smallest value consistent 
with the type of nucleus and the number of electrons 
concerned.” That there is significant interaction be- 
tween the electrons in building the periodic table is 
seen in the number of “‘irregularities,”’ for example, that 
of chromium (Z = 24). Rule (6), unlike rule (a) is only 
a good approximation. 

Thus, it can be seen that the electron configuration 
of the ground state of the elements should show a cer- 
tain periodicity, because after electrons have filled all 
the available positions in a shell, the number of which 
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are specified by the Pauli principle, the next incoming 
electrons cause recurrence of similar configurations. 

Summary. An empirical rule is suggested for obtain- 
ing the electron configuration of an element in its 
ground state. The proposed rule is simplé and reason- 
ably correct. 
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THE RELATION BETWEEN THE B. E. T. AND 
LANGMUIR MULTILAYER ADSORPTION 
EQUATIONS: 


Tne Brunauer-Emmett-Teller (B. E. T.) theory of 
multimolecular adsorption (1) leads to the now well- 
known isotherm equation for adsorption on a free sur- 
face: 





ath (1) 
(po — p) [1 + (c — 1) p/po) 
Here v is the volume of gas adsorbed at a pressure p and 
at a temperature at which the vapor pressure of the 
adsorbate is p,; cis a constant related exponentially to 
FE, — E,, the difference between the heat of adsorption 
of the first layer and the heat of liquefaction of the ad- 


1 Contribution No. 1780 from the National Research Labora- 
tories, Ottawa, Canada. 


v= 





A. G. KEENAN 
National Research Laboratories, Ottawa, Canada 


& 


sorbate; and v,, is the volume of gas adsorbed when the 
entire adsorbent surface is covered with a complete 
monomolecular layer. 

The method used by the authors in deriving this equa- 
tion was a generalization of Langmuir’s treatment of 
monomolecular adsorption (2). For pedagogic pur- 
poses, it is instructive to notice that it may also be de- 
rived directly from Langmuir’s multimolecular adsorp- 
tion equation (2). 

After deriving his classical equation for monomo- 
lecular adsorption, Langmuir went on to consider other 
cases of which Case VI (2, page 1374) deals with ‘‘Ad- 
sorbed films more than one molecule in thickness.”’ For 
this case he arrived, by a method similar to that used 
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by B. E. T., at the following preliminary equation: 


Na _ ow + oon? + 3o,020343 +... 
No 1+ om + ciom® + roo? +... 





Here 7 is the number of gram molecules of gas adsorbed 
per unit area of surface; N is the Avogadro constant, 
i. e., the number of molecules per gram molecule; N,, 
originally defined as the number of elementary spaces 
per unit area of surface, is also the number of molecules 
per unit area when the surface is covered with a com- 
plete monomolecular layer since the derivation of the 
equation assumes explicitly that each elementary space 
can hold only one molecule of the monolayer; » = 
(2x MRT)-/2p, where M is the molecular weight of the 
gas, R is the gas constant, T is the temperature, and p 
is the pressure; and o, = a,/v,, where a, is the reflec- 
tion coefficient, 7. e., the fraction of the molecules strik- 
ing the (n — 1)th layer which condense and », is the 
rate of evaporation from the nth layer when it is fully 
occupied. 

The quantity o, is the “relative life’ of the molecules 
in the mth layer and gives the time in seconds required 
for the evaporation of one gram molecule per sq. cm. 
when v, is expressed in gram molecules per sq. cm. per 
second. Also v, is proportional to e~*"/"", where E, is 
the heat of adsorption in the nth layer (3, 4, 5). 

Instead of summing the infinite series in the numera- 
tor and denominator, Langmuir divided both by the 
former and obtained the es 





No o1 
No l/utatb+ou+. (2) 


where 


0; — 2a. 
o2(402 — 30; — 01) 
202(60203 a 20304 + 0102 — 0103 — 4027) 


a 

b 

y 

ete. 
He then stated that if o1, o2, 03... are all equal, all the 
coefficients after a are zero whereas if o; and a2 are dif- 
ferent but 03, 04... are all equal to oz (which he consid- 
ered to be the expected case) then all the coefficients 
after b are zero. The second condition is the one of in- 
terest at present since it is essentially the same assump- 
tion as was made by B. E. T. in deriving their isotherm 
equation. 

Langmuir left his multimolecular adsorption equa- 
tion in the form given by equation (2), but using his 
second condition we may write: 


2 MEE SR 
No l/utact bu 


or 
No _ ou 
No 1 + op — oon + o22u? — ojo? 





> ou (3) 





No ae — op) (1 + (01 — a2) pw] 
This equation has the same form as the B. E. T. 


equation. In order to proceed with its conversion to 
presently accepted symbols, let us go back to the condi- 
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tions of equilibrium with respect to condensation on and 
evaporation from successive layers, which Langmuir 
used in the derivation of this equation, namely: 








abu = 0; 

a291h = v2be 

a3024 = 303 
etc. 





Here 0, 01, 9, 03. . . represent the fraction of the surface 
which is bare and covered by layers 1, 2,3... molecules 
deep, respectively. These may be rewritten as: 







ay 6p = Bide E,/RT 

a2’Op = BxOee~BL/RT 

a3'Oop = ell RT 
ete. 








where ay, au... have been tac by a;/p, a2’p . 
» by pie ™/*?; ‘and ye, Vs... by fre *4/*", Bee "ania 
. The equality of Z2, H;... is implied in the assump- 
tion that o2, o3... are all equal. Following B. E. T. we 
may denote these by the common symbol £,. 
It now follows from our definitions of symbols that: 


















’ 
sg GM ee ORE 
on. = mm pen BRP (4) 
and 
, 
ON a2 p 5 
Oo a Bye BL/RT ( ) 





Langmuir’s final statement under Case VI was that 
the multilayer equation (2), for the condition that a2, os 

. are all equal but o; is different, “shows that .. . at 
pressures close to saturation 7 begins to increase rapidly 
and becomes infinite when saturation is reached.” This 
follows from the fact that as p — p,, ox — 1 (2, page 
1392), and by putting oo = 1, when p = p, in equation 
(5) we obtain that in general ox24 = p/p,. From equa- 
tion (4) we may write: 

















1p = Oop 





ae e(Fi—Ex)/rt = P 2 Be e(as— en) /er 


Po 2 Pr 






but the expression 





ae e(*1—F1)/8? is simply B. E. T.’s 
Q2 Pi 
Therefore oy = cp/po. 





Finally it follows 


immediately from the definitions that Sy =, 


0 Um 
Substituting these various expressions in equation 
(3) gives: 





symbol ec. 







Lee cp/Po 
Um (1 — p/po) [1 + (ce — 1)p/po] 









or 





UmCp 


(po — p) [1 + (c — 1)p/po] 
which is the B. E. T. equation (1). 








v= 
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METALLURGY—A CHALLENGE AND 
_ AN OPPORTUNITY 


Ix 1819, a brilliant young man destined to become one 
of the most famous scientists of all time began a pains- 
taking investigation of iron alloys. He sought, as he 
stated it, “‘...to ascertain whether any alloy could be 
artificially formed better, for the purpose of making 
instruments, than steel in its purest state; and second, 
whether any such alloy would, under similar circum- 
stances, prove less susceptible of oxidation. New 
metallic combinations for reflecting mirrors were also a 
collateral object of research”.! With crude furnaces, 
operated by hand bellows, alloys of iron containing 
platinum, rhodium, silver, nickel, chromium, and other 
metals were melted and cast. Some steels seemed 
notably bright and hard, and were well suited to experi- 
mental straight-edge razors. They compared favorably 
with razors of the famous Wootz steel that came from 
the magical furnaces of India. They even showed some 
of the desired damascened surface on etching with acid, 
typical of the Wootz steel. The corrosion resistance of 
the alloys, however, was disappointing since they be- 
haved much like iron unless highly alloyed with an ex- 
pensive element such as platinum. It had been claimed 
that meteorites of natural iron-nickel alloy composition 
had phenomenal resistance to rusting, but this was un- 
doubtedly exaggerated, since the artificially prepared 
alloys containing as much as 10 per cent nickel proved 
not unusual in this respect. 

Michael Faraday was not the first scientist to turn 
his attention to metallurgy, but he was certainly one of 
the most famous. Working with James Stodart, he 
gave undivided attention for a period of five years to 
the metallurgical research described above. Equipment 


for melting was primitive, and pure metals for alloying. 


scarce. Hence, platinum and platinum-group metals 
were used, since they were available as pure metals. 
Had more chromium been available and of better pu- 
rity, the stainless steels (iron-base alloys containing at 
least 12 per cent chromium) would probably have been 
discovered by Faraday rather than by Harry Brearley 
about 100 years later, and the corrosion resistance so 
much desired thereby accomplished. As it was, the 
_ low-chromium alloys showed no superior properties that 
seemed to justify the extra trouble of alloying. This 
investigation of Faraday had only limited influence on 
metallurgical practice of his times; nevertheless, the 
foundation was laid for many recognized objectives of 





1 “Experiments on the Alloys of Steel with a View to Its Im- 
provements,” Quarterly Journal of Sciences, IX, 319 (1820). 
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alloy research, the success of which has been especially 
evident within the last 30 years. 

Metallurgical research today with x-ray diffraction 
equipment, the electron microscope, and vacuum fur- 
nace is a far cry from research in Michael Faraday’s 
time. The type of research Faraday began under great 
difficulty has now gained tremendous momentum in 
supplying the specialized needs for metals in anything 
from a small vacuum tube or miniature magnet to the 
critical blades of a steam turbine. The more extensive 
research on alloys is only recent, and the science of 
metals is correspondingly new, having started actually 
after the 20th century began. Hence, many important 
discoveries in this field were made very recently, and 
many new developments are still to come. 

It is logical that systematic study of metals should in 
large measure have begun in chemical laboratories, 
since the problems often concern chemical properties 
and hence have nattiral appeal to the chemist. The 
metals, after all, make up more than three-quarters of 
the elements in the Periodic Table. Of the several 
chemical laboratories in this country, England, and 
Germany serving to launch the science of metals in the 
early 1900’s, Gustav Tammann’s laboratory of physical 
chemistry in Géttingen was one of the first and in many 
respects was typical. Tammann assembled a large 
amount of data on phase diagrams, microstructure of 
metals, oxidation, aqueous corrosion, galvanic poten- 
tials, and what was subsequently known as order-dis- 
order in alloys. Many well-known American chemists 
and metallurgists completed their graduate studies in 
his laboratory working on a subject that later came to 
be known as physical metallurgy. Much of the work 
then started is continuing today in greater detail and 
with considerable refinement by metallurgists in uni- 
versity and industrial laboratories. Physical metal- 
lurgy now, in the tradition of those who early founded 
the science, has continued to be essentially the physical 
chemistry of metals, and in recent years has also in- 
cluded much of the information classified under physics 
of the solid state. 


PHYSICAL METALLURGY AND PROCESS 
METALLURGY 


The problems of the metallurgist, therefore, cut 
broadly across the boundaries of physics and chemistry. 
Since metallurgy also includes extraction of metals from 
ores, and their refinement or alloying to produce de- 
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sired properties, the subject, in addition, overlaps the 
techniques and approaches of the chemical engineer. 
It is convenient, accordingly, with a spectrum of ac- 
tivity so broad, that metallurgy should be divided into 
process metallurgy and physical metallurgy. 

The process metallurgist is concerned with producing 
or refining metals, beginning with ore at the mines or 
open pits, and finishing with the reduction furnaces and 
electrolytic tanks that provide metals for subsequent 
fabrication. The metals are then rolled, cast, extruded, 
or shaped in other ways to suit the final application. 
The latter activity, namely fabrication or shaping of 
metals, is now a separate branch called mechanical 
metallurgy. As the name indicates, this subdivision 
overlaps the activities of the mechanical engineer. 

Le Chatelier was probably one of the first modern 
process metallurgists. He applied thermodynamics to 
the operation of the blast furnace, and reported the 
equilibria between carbon, ferric oxide, carbon mon- 
oxide, and molten iron, pointing out that one could ex- 
pect the reduction of iron oxide to proceed only to the 
equilibrium concentration of carbon monoxide beyond 
which the reaction would not go. Today, thermo- 


dynamics is applied in much greater detail, not only to 
the blast furnace, but to the control of metal production 
generally. With the open-hearth furnace, for example, 
a detailed chemistry of equilibria and reaction rates 
between metal, slag, and gas has been worked out and 
applied. As a result, steel today is produced at less 
cost and of much better quality than that produced 


earlier in the century without benefit of scientific con- 
trol. Chemistry of the open-hearth in an inferno of 
1600°C. is both unusual and interesting, considering 
the fact that elements like zinc and magnesium are 
treated as gases rather than solids, and nitrogen be- 
comes a chemically active element combining spontan- 
eously with chromium, aluminum, titanium, and other 
elements that may be present in the molten metal. 

Most metal ores today are not of adequate quality 
for reduction directly in the furnace. More often, they 
require concentration or ‘‘beneficiation.”’ In beneficiat- 
ing ores, the metallurgist often applies surface chemis- 
try or colloid chemistry to the over-all problem. He 
adds to water suspensions of ores, for example, surface 
active compounds that wet some constituents more than 
others, so that the concentrate “floats” away from the 
residue and can then be separated by skimming off or by 
other means. Thus concentrated, the ore is usually in 
satisfactory condition for the reducing furnace. The 
“flotation” process has become an important develop- 
ment the world over, and is especially critical. to this 
country today. Most of our high-grade ores are used 
up, and the ores remaining require considerable bene- 
ficiation before they can be economically reduced to 
metals. 

The physical metallurgist, as indicated previously, 
usually deals with metals after the process metallurgist 
has finished with them. He busies himself largely in 
the laboratory examining small sections of metals for 
determination of their properties. By automatically 
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indenting a small diamond point or steel ball, he de- 
termines the hardness of the metal. If the metal is a 
carbon steel, he thereby automatically learns something 
of its tensile strength and ductility, its proper heat 
treatment, and the maximum stress (endurance limit) 
that can safely be applied when the steel is subject to 
vibration. By examining an etched piece under the 
microscope, he gains further knowledge of metal prop- 
erties, or corroboration of properties estimated from 
other sources. He gains information of past thermal 
history, the number and kinds of phases present, the 
types and quantities of inclusions, and the crystal or 
grain size as well as crystal orientation. Should a steel 
have been surface hardened by reaction with methane 
or carbon monoxide at elevated temperatures (carbur- 
ized) or by reaction with ammonia (nitrided), he can 
use the microscope to measure the thickness of the 
hardened surface or case (hence, case hardening). 

He may also be concerned with determining magnetic 
data if the steel is one to be used in transformer cores. 
If dealing with stainless steels, he may run corrosion 
tests in concentrated nitric acid to learn if previous heat 
treatment was proper for optimum corrosion resistance. 
If a brass, he may immerse a sample in mercurous ni- 
trate to determine if the alloy is susceptible to cracking. 
Should it crack, the brass will be further annealed to 
avid possible failure in case it comes in contact with a 
dilute ammonia atmosphere in service. If aluminum 
or magnesium, he may immerse the metal for a few 
minutes'in sodium chloride solution and, alternately, a 
few minutes in air, continuing the cycle until appreci- 
able weight loss occurs by corrosion. From this, he 
learns something of corrosion resistance, and, if the 
metal is stressed, its susceptibility to cracking. There 
are many other tests of a similar nature. 

If the physical metallurgist is engaged in research, he 
may study the nature of or the rate of precipitation of 
chemical compounds, not in water or organic solvents, 
but in the solid metal itself. This precipitation within 
the solid is important because the precipitates drasti- 
cally affect strength, hardness, and ductility of the metal. 
They penetrate the lattice planes on which slip occurs 
when a metal is deformed and “key” them, so that fur- 
ther slip is difficult and the metal is thereby stronger 
and harder. Research of this kind'is also used in pre- 
paring better permanent magnets, since precipitates in 
metals also account for magnetic qualities found, for 
example, in Alnico alloys. The problem may be one of 
diffusion of nonmetals, or metals in other metals, using 
refined chemical analysis or radioactive isotopes to 
identify the substance doing the diffusing. This infor- 
mation is significant to many metallurgical operations 
including heat treatment of alloys for improved strength 
or better corrosion resistance, surface-hardening opera- 
tions, and sintering of powder compacts whereby metals 
are shaped by pressing the powders, and the particles 
then bonded at high temperatures. Still further, the 
physical metallurgist may be engaged in preparing new 
alloys for corrosion or oxidation resistance. He applies 
to such studies modern fundamental knowledge of 
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chemistry and physics; for example, he may consider 
electron interaction between components of an alloy, 
or between the alloy and its environment, and the na- 
ture of electrolytic cells taking part in high-temperature 
oxidation where the electrolyte is a solid, the cathode is 
an oxygen electrode at the oxide-oxygen interface, and 
the anode is the interface between metal and oxide. 
These problems are physical chemistry of the highest 
order. Other problems include phase transformation 
studies and the relation between grain orientation and 
magnetic properties, the latter having considerable 
commercial value in the production of high-efficiency 
motors and transformers. 


JOBS AVAILABLE 


Positions in metallurgy, both in industry and in 
teaching, have taken a sharp turn upward during and 
since the war—in greater proportion than many other 
fields of science and engineering. The reason is obvious 
in that industry and government have suddenly in- 
creased their requests for men with metallurgical train- 
ing, far in excess of the number of men who are being 
trained. The educational program in metallurgy, there- 
fore, has not yet begun to catch up with the demands 
for graduates who are able to assume and direct the 
investigation of metal problems facing industry. One 
of the main reasons why supply of men lags so much 
behind demand is that few students choosing their life 
profession realize the opportunities that metallurgy 
provides. The subject is not one taught as such in the 
high schools, and only relatively few colleges offer un- 
dergraduate or graduate courses leading to a degree in 
metallurgy. The entering student, for that reason, may 
have fair knowledge of what chemistry, nucleonics, and 
electrical engineering mean, but he is usually not quite 
sure whether metallurgy trains one to operate a blast 
furnace or predict the weather. As a result, many men 
who major in physical chemistry or chemical engineer- 
ing, later learning what the subject of metallurgy com- 
prises, enter the field because they find the opportuni- 
ties attractive and the subject one that naturally ap- 
peals to their interests. This is essentially what hap- 
pened to the writer. 


GRADUATE STUDIES 


In the same sense, the field of metallurgy is attractive 
to chemists or chemical engineers going on to their 
graduate degrees. Training in chemistry provides an 
excellent background for courses in metallography 
(studies of metal microstructure), process metallurgy, 
physics of metals, thermodynamics of metal systems, 
etc., and leads directly to often familiar techniques in 
advanced phases of metallurgical research. Research 
assistantships in several graduate schools are available 
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to men who have good records in chemistry, with the 
added advantage that departments of metallurgy are 
apt to be less crowded than departments in fields re- 
ceiving popular acclaim of the press during the war 
years. The B.S. graduate in chemistry can readily 
make up the required preparatory courses in metal- 
lurgy, and, by continuing his research during summers, 
receive the Master’s degree, frequently not longer than 
one year from the time he registers, or in three years if 
he goes on to his doctorate. 


INDUSTRIES EMPLOYING METALLURGISTS 


The industries employing metallurgists are far more 
varied than one might first suppose. Fundamental 
work of a scientific nature is carried on by metallurgists 
in laboratories of the Bell Telephone Company, the 
General Electric Company, and the Westinghouse 
Electric Corporation. The National Bureau of Stand- 
ards and the Naval Research Laboratory are examples 
of government laboratories employing metallurgists 
for fundamental research. The Bureau of Mines like- 
wise has extensive programs in process metallurgy. 
Practically all of the oil companies now employ metal- 


-lurgists, and are expanding their activities along these 
lines. 


The Union Carbide and Carbon Company and 
the du Pont Company pursue both fundamental and 
practical investigations in the field of metals, employing 
many metallurgists for research or production. The 
Dow Chemical Company employs metallurgists for 
research or production in connection with their Mag- 
nesium Division. .All these companies provide jobs in 
addition to opportunities offered by the many metal- 
producing and fabricating industries, represented, for 
example, by the steel, aluminum, and brass companies, 
and by the automobile and aircraft industries. The 
varieties of jobs and their locations, in other words, are 
by no means restricted. 

The chemist and chemical engineer, therefore, find 
that circumstances surrounding professional activity in 
metallurgy are not much different from those in chemis- 
try. The opportunities in industry and in universities 
are similar. The training periods are the same, and 
courses of instruction are allied. The apparatus used 
for metallurgical research such as x-ray diffraction 
equipment, the potentiometer, high-frequency furnaces, 
and vacuum systems may be already familiar to the 
chemist. By the same token, the chemical engineer 
finds himself at home with roasting and reducing fur- 
naces, kilns, converters, filters, crushing and grinding 
apparatus, electrolytic refining equipment, and Dorr 
thickeners. The types of problems coming from metal- 
lurgy are new, varied, and some different and difficult, 
but all add together as offering to the chemist both a 
challenge and an opportunity. 


Correction 


In announcing the new periodical,. Research, in our June issue, we should have mentioned that 
Interscience Publishers, Inc. (215 Fourth Avenue, New York), are the sole agents for the journal 
in this country. 
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THE DETERMINATION OF VITAMIN C AS A 
MEANS OF TEACHING IODIMETRY 


Tis DETERMINATION of vitamin C by an iodimetric 
method presents a good opportunity to cover rapidly 
the basic principles of iodimetry, to observe the iodo- 
starch end point under several conditions, to give prac- 
tice on a wide variety of manipulative skills, and to in- 
troduce a@ number of important microtechniques not 
usually included in a one-semester course of volumetric 
analysis. The usefulness of the determination as a 
teaching device is enhanced by the facts that the current 
interest in vitamins makes the determination very popu- 
lar with the students and the average student can pre- 
pare all solutions and complete the determination in a 
total working time of six hours. 

The selection of the iodometric vitamin C determina- 
tion described by Stevens! and others as a teaching de- 
vice in a course of volumetric analysis was made with 
the intention of giving to the students a number of 
techniques of analytical chemistry with a minimum rep- 
etition of manipulative skills acquired in previous de- 
terminations. Minor. changes were made in the meth- 
ods in order to increase their suitability for pedagogical 
purposes. In addition to presenting a sampling of the 
fundamental chemistry of iodimetry, the determination 
includes the following techniques and methods: 


Titrations at high dilutions. 

Filling of microburet. 

Reading of microburet. 

Observation of iodostarch end point under several 
conditions. 

Iodimetry. 

Iodometry. 

Indirect standardization of iodine against KyCre- 


Or. 


The iodine is standardized indirectly against potas- 
sium dichromate. 

Determination of Ascorbic Acid (Vitamin C) in Fruit 
Juice.2 Ascorbic acid, being a reducing agent, is oxidized 
quantitatively by iodine to dehydroascorbic acid. The 
reaction may be represented as 


H 7 H HD HO 
H( 4 4 co +I,— 
oo 


1 Srevens, J. W., Ind. Eng. Chem., 10, 269 (1938). 
* Professor Harry Carswell of this university has used & similar 


method in a course in organic quantitative analysis. 





CARL E. MOORE 
University of Louisville, Louisville, Kentucky 


HHO H O O 


| | | 
Hoo—C-6-6-b-c=0 + 2I- + 2H+ 


tu LoS 

Samples to be analyzed for ascorbic acid must be 
kept out of contact with the air as much as possible be- 
cause the oxygen in the air rapidly oxidizes the vitamin. 
If the sample is to be kept for any length of time before 
analysis, it should be kept tightly stoppered and under 
refrigeration. It is also advisable to keep the sample 
under an atmosphere of inert gas if possible. During 
titration agitate the contents of the flask no more than 
necessary in order to minimize the effects of atmospheric 
oxidation. 

Pipette 5 ml. of filtered sample into a 25-ml. Erlen- 
meyer flask. Add 5 ml. distilled water and five drops of 
starch indicator. Titrate with standard iodine from a 
microburet to a blue color characteristic of the iodo- 
starch end point. 

One ml. of 0.01 N iodine is equivalent, to 0.88 mg. as- 
corbic acid. 

Determination of Ascorbic Acid in a Vitamin C Tablet. 
Ascorbic acid tablets make satisfactory analytical speci- 
mens for the determination of vitamin C. However, 
mixtures of vitamin C and other vitamins or mixtures 
containing vitamin C and other medicinal products 
present analytical operations beyond the scope of stu- 
dent work and are not considered suitable materials for 
teaching purposes. 

Place the tablet to be analyzed in a 100-ml. volumet- 
ric flask and add 50 ml. of distilled water. Stopper and 
swirl the solution occasionally until the tablet has dis- 
integrated. Make up to the mark with distilled water 
and mix thoroughly. Allow the undissolved binding 
material of the tablet to settle out. Transfer a suitable 
aliquot of the supernatant liquid to a 300-ml. Erlen- 
meyer flask containing 100 ml. of distilled water and 25 
ml. of 2 N H.SO,. Add about 3 ml. of starch indicator. 
Using an ordinary buret of 50 ml. capacity, titrate im- 
mediately to the blue color characteristic of the iodo- 
starch end pcint. 

One ml of 0.01 N iodine is equivalent to 0.88 mg. as- 
corbic acid. 

This method has been used successfully for three 
quarters in a short course of quantitative analysis de- 
signed for premedical and predental students and labo- 
ratory technicians. 
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* DUPLICATING INDUSTRIAL PROCESSES 
IN THE SCHOOL LABORATORY 


I. Sugar from Sugar Beets 


INTEREST in the general chemistry laboratory work 
can be stimulated to a marked degree by using industrial 
processes, adapted to a laboratory scale, to illustrate 
the principles and reactions which are being studied. 
Several such experiments have been published (1, 2, 3, 
4, 5). Three more manufacturing procedures have 
now been worked out, using readily available materials 
found in most general chemistry laboratories. One of 
these is presented here. The other two will be pub- 
lished separately. 

In a beet sugar factory, the beets are first washed and 
then cut into long, narrow slices (cossettes) which are 
approximately trough-shaped. The sugar is then 
removed from the beets by diffusion. Impurities in the 
diffusion juice are removed by a series of steps including 
the addition of a calcium hydroxide suspension, which 
precipitates certain impurities, precipitation of the 
calcium ion with carbon dioxide, and filtration to 
remove the precipitated calcium carbonate and in- 
soluble impurities. Sulfur dioxide is then added to the 
juice to bleach it and to lower the pH of the solution. 
Evaporation to a thick juice is accomplished by the 
use of multiple effect evaporators, and the final evapora- 
tion step and crystallization of the sugar takes place in 
large pans maintained under reduced pressure. 

Duplication of this process on a small scale has been 
described in the literature (6), but the directions, 
published in German, are not readily available and are 
inadequate in their detail. The process here de- 
scribed is based upon the results of numerous trials 
before using it in the general chemistry laboratory 
work. Several classes at Colorado State College of 
Education have performed the experiment as a part 
of their regular laboratory work. 


LABORATORY DIRECTIONS 


While 600 ml. of distilled water is being heated to 
80°C. in a 1000-ml. beaker covered with a metal lid! 


1 A satisfactory lid can be made from a tin can by taking out 
the top and bottom and cutting it open lengthwise. A hole is 
punched in the cover to admit a thermometer. 





DONALD D. DORRE 
McCook Junior College, McCook, Nebraska 
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Colorado State College of Education, Greeley, 
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or divided watch glass, wash a beet in cold water, using 
a brush if necessary to remove dirt that will discolor 
the final product. Quarter. the beet and prepare about 
500 g. of cossettes using a vegetable grater with '/,- 
inch openings.? Mashing or bruising the beets will 
increase the impurities obtained in the diffusion juice. 

Place half of the cossettes in the beaker of distilled 
water at 80°C. (Hang a thermometer through the hole 
in the cover.) Heat the suspension of cossettes to 
80°C. and maintain this temperature, stirring fre- 
quently with a heavy stirring rod. Higher tempera- 
tures will result in greater cell decomposition, giving a 
diffusion juice of lower purity. After thirty minutes 
of heating, decant the juice through a small sack® 
supported by a ring on a ring stand. Finally, transfer 
the cossettes to the sack and squeeze or twist slightly 
to remove more juice. Discard the used cossettes 
and add the remainder of the original cossettes to the 
diffusion juice. Repeat the process with these new 
cossettes. 

Make a slurry of 13 g. of calcium hydroxide in 45 
ml. of distilled water and add to the diffusion juice 
with stirring, keeping the juice at about 80° C.4 

Carbon dioxide from a cylinder or laboratory genera- 
tor is bubbled through the juice and slurry at 80°C. 
An even flow of gas is desirable, and the glass delivery 
tube, attached to the source of supply by means of a 
rubber hose, should reach almost to the bottom of the 
beaker. It may also be used asa stirrer. Remove the 
delivery tube occasionally and note the tendency of the 
precipitate to settle to the bottom of the beaker. The 
carbonation should be stopped as soon as the precipitate 
will settle quickly. After allowing the precipitate to 
settle, filter’ through a rapid filter paper in a large 
ribbed funnel. Reheat the filtered juice to 80°C. and 
carbonate again until the pH of the juice is about 9. 





2 An alternative method is to prepare the beet as one would 
prepare lattice potatoes for frying, then cut the slices along the 
grooves with a sharp knife, giving a crude V-shaped cossette. 

3 A 5- or 10-lb. sugar sack is satisfactory. 

4 The experiment may be interrupted at this stage if desired, 
since the juice is too alkaline for bacterial action. 

5 Reeve Angel No. 202 (creped) filter paper is excellent for 
this operation. 
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Tests of pH can be made with phenolphthalein on a 
spot plate. It will be definitely pink at this pH. 
Filter the juice again. 

Heat the juice to 80°C. and introduce sulfur dioxide 
by the method used in the carbonation,® until phenol- 
phthalein on a spot plate just becomes colorless. The 
pH will be about 8. If the juice is cloudy filter again.” 

Using a red marking pencil or a label pasted on the 
beaker, indicate the level of 100 ml. in a 1000-ml. 
beaker. Pour the juice into the beaker and evaporate 
it to a 100-ml. volume, using heavy asbestos-centered 
gauzes to prevent charring. The apparatus for boiling 
under a vacuum is then assembled as follows. The flask 
is a heavy, ringed, short-neck, round-bottom flask. 
It is placed on a water bath. A thermometer is placed 
in one hole of the two-hole stopper at a depth that allows 
the bulb to be covered, but it should not touch the bot- 
tom of the flask. A glass tube, wrapped with asbestos, ® 
is inserted in the other hole. Vacuum rubber tubing 
connects this tube to the trap, which should be of 
heavy glass for safety. Bring the water in the water 
bath to 80°C., and heat the flask gently with the steam. 
Adjust the aspirator or other vacuum source until the 
juice boils at about 75°C. Do not let the boiling tem- 
perature drop below 70°C. There will be a slow but 





6 One sulfur dioxide generator will probably be sufficient for 
a class of 15 students. 

7 Bacterial action may start if the process is interrupted here, 
but it can be inhibited by boiling the juice in a large boiling 
flask and plugging with sterile cotton. 

8’ Wet asbestos paper may be placed around the glass tube 
and around the neck of the flask. It may be fastened with fine 
wire. This insulation keeps condensate from-returning to the 
flask. 


II. Ethanol from Molasses 


In THE usuUAL laboratory experiment in which ethanol 
is produced by fermentation, the starting material is 
sucrose or glucose. A closer parallel to the industrial 
process would begin with a molasses. The com- 
mercial process is outlined in several literature refer- 
ences (7-9) and production on a laboratory scale is de- 
scribed in a Cuban journal (10). 

The mash for the industrial process is made by 
diluting blackstrap molasses with water until the con- 
centration of dry solids is about 16° Brix.? A typical 
analysis of blackstrap molasses, which is the residual 
solution left after marketable cane sugar has been 
crystallized, shows about 58.54 per cent total invert 
sugar and sucrose.!° Nutrient materials consisting of 
ammonium sulfate and diammonium hydrogen phos- 
phate are added if necessary, in order to promote yeast 





° The percentage of dry substances by weight in a solution is 
known as degrees Brix. " 

© Personal correspondence from Sidney H. Ross, Publicker 
Industries, Inc., Philadelphia, Pennsylvania. 
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steady drip of water into the trap from the condensed 
vapor when the evaporation is taking place properly. 
Evaporate until a thick, stringy sirup is obtained. 

Pour the sirup on a watch glass and seed it by blowing 
a little powdered sugar over the surface. The period 
of time required for formation of the crystals will 
vary with the degree of supersaturation of the sirup. 


PRINCIPLES AND TECHNIQUES ILLUSTRATED 


A number of principles and techniques are illustrated 
by this experiment. Among the principles are: 


(1) The diffusion through a cell wall from one 
solution into a less concentrated one. 

(2) The coagulation of a colloidal suspension. 

(3) The effect of pH on the color of indicators. 

(4) The effect of external pressure and of concen- 
tration of solute on the boiling point of a 
solution. 

(5) The crystallization of a solute from a super- 
saturated solution. 


Among the techniques illustrated are: 


(1) Decanting a solution from a precipitate. 

(2) Saturating solutions with gases. 

(3) The use of a spot plate and indicator to deter- 
mine approximate pH of a solution. 

(4) Evaporation under reduced pressure, in the 
laboratory. 


The authors wish to thank Mr. Paul M. Smith, 
chief chemist of the Eaton, Colorado factory of the 
Great Western Sugar Company, for information con- 
cerning the industrial process for obtaining sugar from 
sugar beets. 


growth. A pH of 5 is obtained by addition of sulfuric 
acid. An inoculum of the yeast strain, Saccharomyces 
cerevisiae, is added to the mash and fermentation is 
allowed to proceed for about 50 hours at a temperature 
of 28°C. Fractional distillation of the “beer” which 
contains about 9 per cent ethanol by volume follows, 
and yields of about 90 per cent of the theoretical quan- 
tity are obtained. One gallon of 95 per cent ethanol 
can be manufactured from about 21/2 gallons of black- 
strap molasses. 


LABORATORY DIRECTIONS 


Inoculum sufficient for the class must be prepared the 
day before the experiment is to be started. In a 1000- 
ml. Florence flask, place 64 g. of molasses,'! 256 g. of hot 
distilled water, and 0.3 g. each of ammonium sulfate 


11 Blackstrap molasses may be used if obtainable, but yields are 
lower than those obtained with a cooking molasses (high-test 
molasses) which contains a higher percentage of sugars. “‘Grand- 
ma’s Old-Fashioned Cooking Molasses,” a sulfur dioxide free 
molasses containing about 30 per cent sucrose and 42 per cent 
invert sugar, and manufactured by the American Molasses Com- 
pany, 120 Wall Street, New York, was found to be very satisfac- 
tory. 
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and diammonium hydrogen phosphate. This will 
furnish enough inoculum for 4 or 5 people. Prepare as 
many flasks as will be required for the class, placing no 
more than the quantity mentioned in each flask. This 
will prevent frequent opening and consequent con- 
tamination of the inoculum when it is removed to be 
added to the mash. Boil the diluted molasses gently 
for three or four minutes, and plug tightly with cotton 
sterilized by heating or autoclaving. Allow the flask 
to cool to room temperature. Crumble compressed 
yeast on a sterilized watch glass, using a sterilized 
spatula. Add about half a cake of yeast to each flask, 
and place in a warm dark place for 24 hours. Swirl 
the flasks several times during the fermentation period. 

To prepare the mash for the main fermentation, 
weigh 128 g. of molasses, of the same kind as that used 
in preparing the inoculum, into an 800-ml. beaker. 
To this add 512 g. of hot distilled water. Stir the solu- 
tion and allow it to cool to room temperature. The 
specific gravity should be about 1.06. It may be 
determined by means of a hydrometer. Add 0.3 g. 
each of ammonium sulfate and diammonium hydrogen 
phosphate. The pH of the solution should be about 4.7 
to 5.0. A pH meter is convenient for testing the solu- 
tion. The dark color of the solution makes use of 
indicators difficult. Six normal sulfuric acid or calcium 
hydroxide solution can be used to adjust the pH if 
necessary. (The cooking molasses mentioned above 
usually requires no adjustment.) Pour the mash into a 
1000-ml. short neck, round bottom, Pyrex flask. 
Fasten to a ringstand above a wire gauze and heat to 
boiling. Boil gently for three or four minutes and plug 
with sterilized cotton. Allow the flask to cool to room 
temperature. 

Prepare a delivery tube by bending a 16-in. piece of 
glass tubing into a U-shape with a short arm of about 
4 in. and a long arm of about 8 in. Bore a rolled cork 
to fit the glass tubing snugly. Insert the short arm of 
the bent tube into the cork and pour melted paraffin 
over the whole cork several times in order to give a 
tight seal when it is placed in the flask. The pro- 
truding end of the tube may be protected during this 
operation by covering it with the rubber bulb of a 
medicine dropper. 

Remove the cotton plug from the flask and add from 
a sterile graduate a quantity of inoculum equal to 10 
per cent of the volume of the molasses solution. Place 
the cork containing the delivery tube tightly in the 
flask, being careful not to loosen the delivery tube which 
has been sealed into the cork with paraffin. Mount 
a test tube containing water so that the long arm of the 
delivery tube is under the water and swirl the assembly 
gently in order to mix the inoculum and molasses. 


Ill. A New Type Detergent 


VERY LITTLE appears in the literature concerning 
the details of the process by which the new type (non- 
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Set the flasks in a warm place. Placing them on 4 
window sill where the sun strikes them through the 
glass is satisfactory. After a few hours, air from within 
the flask and carbon dioxide from the fermentation 
will bubble through the water in the test tube. Swirl 
the flask several times during the first two days of the 
fermentation. Allow the flasks to remain until fer- 
mentation is complete (at least two days). 

After sufficient fermentation time has elapsed, decant 
the solution from the precipitate in the bottom of the 
flask into a large beaker. The pH should be adjusted 
to about 4.3 with sulfuric acid and the “beer” frac- 
tionally distilled using any convenient fractionating 
column or, if this is not available, a couple of fractions 
may be obtained by simple distillation in a distilling 
flask. Record the volume of each fraction and the 
temperature range over which it was collected. Reduce 
foaming by slow heating at first. 

Measure the specific gravity of each fraction with a 
Westphal balance or pycnometer. If the percentage 
composition of the molasses is available, the theoretical 
yield can be calculated and compared with the actual 
yield. 

PRINCIPLES AND TECHNIQUES ILLUSTRATED 


Among the principles illustrated in this experiment 
are: 
(1) The effect of the composition of a solution on 
its specific gravity. 
(2) The variation in the potential of a glass elec- 
trode with hydrogen-ion concentration. 
(3) The effect of the composition of a solution on the 
boiling point of the mixture. 
(4) The behavior of azeotropic mixtures. 
Techniques illustrated include: 


(1) Measuring the specific gravity of solutions. 

(2) Adjusting the pH of a solution after measuring 
it with a pH meter. 

(3) Inoculating a mash using sterile technique. 

(4) 


Fractional distillation. 
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soap) detergents are manufactured. Production meth- 
ods are discussed in several references (11-13) and a 
series of patents have been issued covering the com- 
mercial production of various kinds of new detergents. 
No description of a laboratory process is available. 
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The essential steps in the production of ‘“Dreft” 
will be described.’ Coconut oil is catalytically hydro- 
genated to the alcohols corresponding to the fatty 
acids whose glyceryl esters make up the oil. The 
alcohols are fractionally distilled to give dodecanol 
(lauryl aleohol). The alcohol is treated with a sul- 
fating agent such as fuming sulfuric acid, chlorosulfuric 
acid, or simply concentrated sulfuric acid. The prod- 
uct, dodecylsulfuric acid, is neutralized by pouring it 
into a concentrated sodium hydroxide solution. The 
resulting white paste is dried. 

Laboratory Directions. Since it is not feasible to 
attempt the catalytic hydrogenation of the coconut 
oil, the laboratory preparation of “Dreft’’ starts with 
technical grade dodecanol. Weigh out in a small 
beaker 15 g. of the alcohol and add a 10 per cent excess 
of concentrated sulfuric acid slowly, assuming that the 
reaction proceeds according to the equation: 


CH;(CH2) 10H + HOSO,.OH->CH;(CHg2)1,:0SO.0H + H.0 


Into another small beaker (150 ml.) pour 30 ml. of 2 
molar sodium hydroxide solution and add three drops 
of phenolphthalein indicator solution.'* Place the 


12 Manufactured by the Procter & Gamble Company, Ivory- 
dale, Ohio. 

13 Although the phenolphthalein will appear colorless in this 
concentrated solution, its characteristic pink color will reappear 
as the alkali is neutralized. 





678 


beaker in a pan of cold water and add the dodecyl- 
sulfuric acid slowly with stirring until the pink color of 
the phenolphthalein appears. Then add the acid 
dropwise until the solution is again decolorized. If the 
mixture becomes too thick to stir easily, it can be 
liquefied by heating on a water bath for a few minutes. 
Spread the white sodium dodecylsulfate on a clay plate 
or absorbent paper and allow to dry. 
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PREPARATION OF AMMONIUM MONOSULFIDE 
FROM AMMONIUM POLYSULFIDE 


Coxortess amMontum sulfide is desired in several 
procedures of inorganic qualitative analysis. For its 
preparation, Middleton and Willard! direct that ice 
cold 3 N aqueous ammonia be saturated with hydro- 
gen sulfide, kept in completely filled bottles sealed with 
paraffin, treated just before use with an equal volume of 
3 N ammonia, and discarded at the end of the labora- 
tory period. No reference has been found in Chemical 
Abstracts to any method of keeping ammonium sulfide 
colorless or of decoloring a solution which has become 
yellow by oxidation. 

Comparison of standard electrode potentials shows 
that active metals would reduce free sulfur or the poly- 
sulfide ion to sulfide, but the introduction of such‘a metal 


1 Mipp.eton, A. R., anp J. W. WiLtarp, “Semimicro Quali- 
tative Analysis,” Prentice-Hall, Inc., 1942, p. 432. 
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would usually ruin the solution for use as a qualitative 
reagent. However, if the metal ion were precipitated, the 


solution might be usable. Chromium and aluminum 
seem active enough to reduce sulfur to sulfide or to be- 
come oxidized in preference to sulfide. In the basic 
solution they would be precipitated as the hydrous ox- 
ides. The concentration of sulfide ion would then re- 
main unchanged upon exposure of the solution to air. 
Other metals, such as nickel or zinc, could be precipi- 
tated as sulfides, and, since the sulfides of the inactive 
metals are quite insoluble, the concentration of the 
metal ion is lowered sufficiently to permit many, if not 
all, of them to reduce sulfur to sulfide. Thus the equi- 
librium ratio, |[S=]/[S2~], should be 1.3 X 10 with mer- 
cury and 4.0 X 108 with copper. This type of reaction, 
while keeping the solution colorless, would result in 
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lowered concentration of sulfide ion as oxygen is ab- 
sorbed from the air. 

Experimental work consisted of placing a metal in a 
3 N solution of (NH,)2S which had become colored, ob- 
serving the result and then making qualitative tests on 
the solutions that became colorless. The results are 
listed below. 


Aluminum wire 
As received 
Acid washed 
Sand-papered 
Amalgamated, 


No decolorizing 

No decolorizing 

No decolorizing 

Decolorized in about gne hour. By 
next day the entire solution had 
become a gel of aluminum hy- 
droxide 

Decolorized in one to two days. 
White precipitate in bottom of 
bottle and coating the metal 

Decolorized in two to three days. 
Black precipitate on surface of 
metal. White precipitate sus- 
pended throughout solution 


Zinc (mossy) 


Devarda’s Alloy (Al 45, 
Zn 5, Cu 50) 


Chromium 
Granulated 
Amalgamated 

Nickel (granulated) 


No decolorizing 

No decolorizing 

Solution gradually became very 
dark brown. After weeks of 
standing clumps of precipitate 
could be seen, but they remained 
suspended throughout the solu- 
tion 

Decolorized in about 30 min. 
coating on the wire 

Black coating on the surface of the 
mercury, but the solution never 
became colorless 


Copper wire Black 


Mercury 


It is probable that aluminum and chromium are pro- 
tected by a tightly adhering coating of oxide which pre- 
vents further action unless the metal is amalgamated, 
and then the aluminum reacts too readily. The greater 
activity of copper over mercury, although theoretically 
about the same equilibrium concentrations should re- 
sult, is probably due to the greater area of contact fur- 
nished by the wire form of the copper. 

The solutions decolorized by zinc and by copper were 
tested further. Each of these when acidified with hy- 
drochloric acid evolved hydrogen sulfide and left a solu- 
tion that was as clear as water. Other portions were 
twice evaporated just to dryness with nitric acid and 
then taken up with water acidified with nitric acid. 
The solution decolorized by zinc was tested for zinc 
with dithizone,? but no‘red color was formed. It is 
stated in the reference that 0.025 y zine can be detected 
by this method. The solution decolorized by copper 
was tested for copper with ferric thiocyanate and sodium 
thiosulfate. The result of this test indicated the pres- 
ence of copper. Decolorization occurred in 30 seconds 
as compared to three minutes for the blank. Another 
portion of this solution was then tested with benzoin 
oxime.‘ A negative result was obtained. The reference 





2 Ferict, F., anp J. W. Marruews, “Qualitative Analysis by 
Spot Tests,’’ Nordemann Publishing Co., Inc., 1937, p. 108. 

8 Ibid., p. 39. 

‘ Ibid., p. 40. 
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states that 0.02 y copper can be detected by the first 
method and 0.1 y by the second. It appears, there. 
fore, that the copper ion in solution was low enough in 
concentration not to interfere in many qualitative 
tests. There was less than 0.1 y in the drop taken for 
test, and may be less than 0.02 y if some unknown sub- 
stance catalyzed the ferric thiocyanate-thiosulfate re- 
action. 

Strips of filter paper moistened with lead acetate solu- 
tion turned brown when held a few seconds above the 
unstoppered bottles of solution decolorized by zinc or 
copper. In fact, the odor of hydrogen sulfide was very 
apparent. Solutions of manganous nitrate (the com- 
mon metal requiring the highest concentration of sulfide 
to form a precipitate) containing 10 mg., 1 mg., and 0.1 
mg. of the metal per ml. were prepared and separately 
tested with the solutions decolored by zinc or copper 
and with the original yellow polysulfide solution. In 
all cases a flesh-colored precipitate was obtained when 
the manganese concentration was 10 mg./ml. or 1 mg./ 
ml. and no precipitate when it was 0.1 mg./ml. .These 
tests showed that the concentration of sulfide ion was 
not materially decreased even though the bottles had 
been opened several times and allowed to stand only 
partially filled for several weeks during the course of the 
experiments. 

The air introduced when the bottle was momentarily 
opened would tinge with yellow the thin film of solution 
on the glass wall above the liquid level, but this disap- 
peared on standing or shaking. This observation indi- 
cated that oxidation of the sulfide ion would continue 
to occur upon exposure to air. No exact measurements 
of the decrease in sulfide ion concentration with time 
were made because this decrease would depend upon the 
tightness of closure of the bottle and frequency of open- 
ing. The above tests with manganese, however, show 
that the solution remains usable for weeks. Instead of 
discarding the solution each day to avoid interference 
by polysulfide ion, it could be kept until it failed to 
respond to some selected qualitative test. Of course, 
one that is not too sensitive should be chosen. 

The fact that metallic copper does not react with 
monosulfide ion, or reacts extremely slowly, was shown 
by thrusting a clean wire into the solution that had 
been decolorized with copper. This remained clean for 
hours and by the following day had only a slight 
brownish tinge that remained apparently unchanged 
for at least two weeks. This slight coloration might 
have been due to polysulfide formed by oxygen, which 
entered when the bottle was opened to introduce the 
clean wire. When placed in some of the original yellow 
polysulfide solution, a clean copper wire was black in 
ten seconds. . 

In conclusion, it has been shown that yellow ammo- 
nium sulfide can be decolorized by metallic zine or cop- 
per to yield a colorless solution useful in qualitative 
analysis. These metals will not preserve a sulfide 
solution with concentration absolutely unchanged, but 
will, by precipitation of a metal sulfide, prevent the 
accumulation of polysulfide ions. 





A MODEL MASS SPECTROMETER?” 


Waren rirst developed, the mass spectrometer was 
used mainly by physicists. In recent years, it has 
become increasingly useful in broader fields of applica- 
tion, and today it is widely employed in chemical 
analysis, kinetic and tracer work, and in the study of 
molecular fragmentation patterns, all of great interest to 
chemists. 

The action of a Nier type, 60° mass spectrometer 
is shown schematically in Figure 1. The ions are 
made from neutral gas molecules at low pressure in the 
ionizing box, where electrons are drawn out of the 
filament across the box at an energy of about 70 elec- 
tron volts. By the electron impact positive ions are 
formed from the gas. The ions after being speeded up 
by a potential of several thousand volts, enter a strong 
magnetic field. Here the beam of ions is bent and 
the combined action of the electric and magnetic 





1 This mass spectrometer model was first presented before a 
Symposium on Novel Lecture Demonstrations, Prof. Hubert N. 
Alyea, Chairman, at the 112th meeting of the American Chemical 
Society, September, 1947, New York. A very brief description 
was given in THIs JOURNAL, 25, 256 (1948). 

* Contribution from the Research Laboratory of the General 
Electric Company. 
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Figure 2. Model Mass Spectrometer 


fields sorts the ions according to mass. The separated 
ions enter the collector at the lower end and are re- 
corded. 

This electrical and magnetic sorting action on gaseous 
ions can be simulated by a mechanical and magnetic 
model shown in Figure 2. The gaseous ions are repre- 
sented by steel balls, a */,-in. ball corresponding to a 
heavy ion and a */,-in. ball to a light ion. They are 
rolled down a grooved slope. The height through 
which they drop under gravity is the analog of the 
accelerating voltage on the ions. They are accelerated 
in a field of gravitational potential instead of electrical 
potential, in contrast to the ions. As Galileo showed at 
Pisa long ago, the light mass under gravity falls just as 
fast as the heavy mass, so with only the gravitational 
field acting, light and heavy go with the same velocity 
into the same compartment with no sorting action 
occurring. 

The kinetic energy of ion or ball can be represented 
(with rotational energy neglected) by the equations: 


Ion: 1/2 mv? = Ve = Hed (1) 


Bal: 1/2 mve = gmh 


where 


“m = mass, v = velocity 


Ion Ball 


voltage 

voltage gradient = 
charge = 
distance = 


vitational gradient 
ght of fall 


uu 
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It will be noted there are certain analogies in the two 
cases. 

If a magnet is placed in the path of the ball just as it 
leaves the slope it passes through the magnetic field 
and is deflected, just as the ion is deflected, and the 
amount of deflection is greater for the smaller mass, 
which has less kinetic energy and less momentum. 

The smaller ball is caught in the compartment of the 
box nearer the bottom of the slope while the larger 
ball, deflected less, still goes to the farther compart- 
ment. 

For the ions in the case of the magnetic deflection, a 
centripetal force is balanced by the centrifugal force, 
giving a certain radius of curvature, FR to the path, for a 
magnetic field H: 


2 
He = > (3) 


eliminating v, from (1) and (3) we find 


The gravitational case is not nearly so simple as it 
first appears, when we try to calculate the actual 
amount of deflection, but it may be thought of in this 
way. The rolling balls come down with the same 
velocity but different momenta, due to the different 
mass. This mass varies as the cube of the diameter. 


G @ 
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In passing through this nonhomogeneous magnetic 
field, the steel ball undergoes a magnetic polarization 
and is attracted toward the magnet, moving in a curved 
path. The centrifugal force is balanced by the de. 
flecting force: 


me = deflecting force 

The amount of deflection is a function of the square 
of the diameter, d, the magnetic field, H, and the veloc- 
ity, v. The square of the diameter comes in here 
because the magnetic field acts effectively on the pro- 
jected area of the ball passing through it. Since the 
centrifugal force and the momentum involving the 
mass are functions of d*, and the magnetic deflecting 
force a function of d?, a sorting action results in the 
gravitational case similar to that occurring in the mass 
spectrometer. 

The model as shown in Figure 2 has two points where 
adjustment: can be made depending on the type of 
magnet used. The height of the magnet can be 
changed by moving the supporting nuts up or down on 
the threaded brass rod supporting it. The box to 
catch the steel balls should be moved until its proper 
position is found and then fastened. It should have a 
partition in it to make two compartments and the sides 
should be transparent. Cellulose acetate, !/16 in. thick, 
is suitable. 

The magnet used was from a 110-volt, 60-cycle relay. 
It consisted of 4000 turns of 0.008-in. enameled wire, 
total resistance 162 ohms; pole pieces were attached 
to give a maximum field at the base of the slope of 
about 400 gausses. It was found convenient to run it 
from 4 batteries, 22'/2 volts each, attached to the base, 
with a prominent knife switch in sight so the audience 
could readily see whether or not the magnetic field was 
on or off. A few seconds should be allowed for the 
field to stabilize, but the magnet should not be left 
on too long. 

A stroboscopic picture is shown in Figure 3, giving 
the path traced by the large and small steel balls as 
they are differentially deflected by the magnetic field. 
The exposures were 1/10 second apart and each was 
about 2 microseconds’ duration. Thanks are due to 
W. R. Plant and. D. C. Blanchard for this picture, 
taken with stroboscopic apparatus, of the General 
Engineering and Consulting Laboratory, of the General 
Electric Co. 

In this simple model which has been described, in- 
volving rolling steel balls and a magnet, a nontechnical 
person can obtain a fair idea of the ion-sorting process 
which occurs in a complicated modern research instru- 
ment such as the mass spectrometer. 


G © 
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A LECTURE DEMONSTRATION OF 
NUCLEAR ENERGY 


Ix THE GENERAL chemistry course the subject of 
nuclear energy has won for itself an important position 
along with radioactivity, isotopes, and transmutation. 
For the student in general chemistry to grasp these 
fundamentals without the help of visual aids is difficult. 


On the other hand, there are many technical difficulties ' 


encountered in setting up mechanical models of these 
subjects. 

Certain physicists!,? have suggested models for the 
illustration of nuclear fission, and the complexity of 
these models is an indication of the problem of offering 
a satisfactory mechanical device to demonstrate the 
subject. Most of the models emphasize the energy 
concepts; it was our desire not only to simplify them for 
lecture demonstration purposes, but also to illustrate 
the subject from the chemical standpoint as well. 

A model of the Uranium-235 atom was constructed as 
shown in Figures 1 and 2, which centers the attention on 
the nucleus where fission, radioactive, and transmuta- 
tion changes occur. The model was built of approxi- 
mately 235 glass marbles, cemented together with a 
cellulose acetate adhesive, using a mortar of suitable 
size and form to obtain the spherical shape. A wood 
block with a hole to fit the rod on a small ringstand was 
incorporated in the mass of marbles, and after assem- 
bling, the marbles were painted orange and black to 





1 Batink1n, I., Science Digest, 22, 89 (1947). 
* Sutton, R. M., Am. J. Physics, 15, 427-428 (1947). 
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Figure 2 


represent neutrons and protons. A hoop of !/,-inch 
iron rod was welded to the base of the stand in order to 
emphasize the idea that the mass of marbles represents 
the nucleus. By making the nucleus of two hemispheres 
this model is readily adapted to the discussion of nu- 
clear fission. Extra orange marbles provide the neu- 
troris which may cause the fission. Several orange 
marbles inside the lower hemisphere were not cemented, 
so that upon fission these neutrons become available for 
initiating fission of other nuclei. The same model is 





Figure 4. 


adapted to the illustration of the formation and certain 
properties of the post-uranium elements. 

To construct a model showing a chain reaction which 
would operate slowly and simply presented difficulties. 
Unless some sort of neutron deflector is used the model 


becomes excessively complex. Hence, a chain model 
was constructed using thirteen mousetraps in one plane. 
When its trigger is touched a trap ejects an orange 
ball (neutron), which is restricted in its path by a wire, 
the other end of which is anchored midway between 
the trap and the next trap, as shown in Figure 3. The 
ball is thus thrown through a semicircle where it lands 
upon the trigger of the next trap, setting it off, and thus 
starting a simple chain reaction. Circular areas in- 
cluding the traps were painted a bright yellow, and the 
background and wires painted a flat black, colors in 
keeping with the materials commonly used in the 
atomic pile (assuming, of course, that uranium atoms 
are yellow!). The orange neutrons show up well 
against the background during the chain reaction, 
which requires about two seconds for the thirteen traps 
to become activated. For the sake of simplicity, other 
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A Chain Reaction 


products of fission such as the atom fragments were 
avoided in this model. 

A model to illustrate nuclear fission as employed in 
the atomic bomb is based upon a chain reaction which 
exactly doubles its rate as it progresses. The first 
trap activates two traps, each of these activates two 
more, etc., until a total of thirty-one traps have been 
sprung. The chain carrier is the “tail” of a trap which 
strikes a cross bar attached to the triggers of the next 
two traps. Small lead balls may be attached to the 
tail of the traps to represent the neutrons which are 
ejected and initiate the fission of the next atoms. Two 
No. 10 corks, one red and one green, are placed on top § 
of the trap after it is cocked to represent the fission 
fragments. These corks are commonly thrown to the 
ceiling and rear of the lecture room holding 150 stu- 
dents. Figure 4 shows this model in the cocked posi- 
tion. 

These models are obviously over-simplifications of the 
actual nuclear changes, but they provide a visual 
starting point as an aid for the student to formulate 
these ideas in his own mind. 
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ADAPTING A COLLEGE CHEMISTRY COURSE 
TO STUDENT NEEDS 


T were HAS previously been reported an experimental 
course in inorganic chemistry, developed to meet the 
needs of first-year students in the School of Agriculture 
of Oklahoma A. and M. College.! This course differed 
from the traditional college chemistry course in several 
important respects, the most fundamental of which 
was the statement of the course objectives in terms of 
particular kinds of things which students need to do, 
and which a course in inorganic chemistry can help them 
do, rather than in terms of a body of content to he 
covered. To clarify these things which students need 
to do, they were classified into seven areas of need as 
follows: 


To be an effective consumer of goods. 

To support intelligently necessary public serv- 
ices. 

To earn his living by a worth-while contribution 
to the community. 

To make effective use of leisure time. 

To be able to defend himself against hostile en- 
vironmental forces. 

To participate effectively in the processes of demo- 
cratic society. 

To develop into an adult, mature, and self-reliant 
personality. 


It was expected that needs in the first five of the seven 
areas, and to a lesser degree the sixth, could be met in 
art by the application of chemical content, while the 
chemistry course could contribute to most needs in the 
sixth and all those in the seventh only in so far as it was 
conducted in such a way as to grant students unusual 
opportunities to participate in democratic processes and 
accept responsibility for the fruition and consequences 
of their own plans. 
Since the methodology of the experimental course was 
rather fully described and is exhaustively discussed 
elsewhere,? it will not be recapitulated here. 


1 FRIEDENBERG, E. Z., J. Cuem. Epuc., 21, 41 (1944). 

? FRIEDENBERG, “‘A Technique for Developing Course in Physi- 
cal Science, Adopted to the need of Students at the Junior Col- 
lege level.”’ Lithoprinted Doctoral Dissertation, Department of 
Education, University of Chicago, 1946. : 





Results of an Experiment 


E. Z. FRIEDENBERG 
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For the convenience of the reader, certain essential 
points of contrast between the experimental procedure 
and traditional procedures are enumerated : 


1. The experimental procedure used a selected ref- 
erence shelf; traditional chemistry courses 
usually use a textbook. 

The experimental procedure provided specific 
references to books dealing with relevant top- 
ics, butleft the choice of reading to be done to 
the student; traditional course usually make 
daily assignments of reading for which the 
student will be held responsible. 

The content of the experimental course was given 
organization by its relationship to a previously 
established pattern of student need; tradi- 
tional courses usually organize their content ac- 
cording to logical internal relationships rather 
than application. 

The experimental procedure provided a formal 
opportunity for periodic consideration of the 
effectiveness of the course by an elected stu- 
dent committee which thus influenced policy; 
in traditional programs policy is usually deter- 
mined solely by the instructor and the adminis- 
tration. 


There are many questions which are pertinent in de- 
ciding what a newly devised procedure for teaching 
chemistry is worth. Of these, the following seemed to 
the author both sufficiently important and accessible 
to investigation to be worth experimental study: 


(a) To what extent does the experimental course 
achieve its stated objectives? Does it actually 
contribute more to meeting student needs than 
conventional chemistry courses? 

(b) To what extent does the experimental course 


achieve the objectives of conventional 
chemistry courses? Does one sacrifice some of 
the objectives of the conventional course in or- 
der to adapt a course to student need? 

(c) How do students react to the procedures of the 
experimental course? Does the term “student 
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need,” which is used here to denote a skill or 
behavior which may be expected to make stu- 
dents healthier, happier, or more effective coin- 
cide with “felt need,” as perceived by the stu- 
dent? 


(d) Are all the procedures of the experimental course , 


appropriate, or do some of them fail to contrib- 
ute to learning? Is the procedure as used a 
general one for adapting chemistry courses to 
student need, or is its range of applicability to 
various student groups inherently limited? 


Statistical evidence is available in answer to the first 
two questions. A control group in the conventional 
chemistry course for agriculture students was used to 
provide a basis for comparison; each student in the ex- 
perimental group was matched to a student in the con- 
trol group on the basis of the Jowa Placement Examina- 
tion, New Series (Chemistry Aptitude) Form X, and 
American Council on Education Cooperative Psychologi- 
cal Examination, 1939 edition. Where several control 
students were available whose scores on these two meas- 
ures were similar to those of students in the experi- 
mental group, scores on the American Council on Edu- 
cation Cooperative English Examination were used to 
choose between them. No student in either group had 
taken chemistry in high school. The mean score of 
the experimental group students on the Iowa test was 
28.74; of the control group students, 28.91. A score of 
28 on this examination corresponds to a percentile score 
of 20 in the published norms. 

Comparison between the two groups is made some- 
what complicated, however, by the fact that large 
numbers of students in both experimental ‘and control 
groups were drafted during the course of the study, so 
that the number of pairs steadily decreased. There- 
fore, as one approaches those areas of student need 
dealt with in later sections of the course, larger and 
larger critical ratios for the difference between control 
and experimental group means are needed for statistical 
significance. Furthermore, the number of items on any 
examination measuring the ability of students to apply 
chemistry to the solution of problems within one area 
differs from the number of items on the same examina- 
tion measuring the ability of the student to apply chem- 
istry to problems in other areas. This does not affect 
the statistical analysis of the results, but does mean that 
the opportunities to obtain statistically significant 
differences between the groups are better for those areas 
which are represented on the examination by a relatively 
large number of items. 

Three examinations designed to measure the experi- 
mental objective were administered to experimental 
and control group. These were the first semester final 
examination of the experimental group, called Exami- 
nation A in Table 1; the second semester mid-semester 
examination, labeled B in the table; and the second 
semester final examination, labeled C. The number of 
pairs of students measured by each of the three instru- 
ments is given. 
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_ TABLE 1 
Critical Ratios* Obtained by Comparing Mean and Experi- 
mental Group Scores on Items of Reominatione Measuring 
the Ability to Apply Chemistry-to the Solution of Prob- 
lems in Each of Five Areas of Student Need{ 


Examination Examination 





Area 
of - ’ 
need 46 pairs 14 pairs 


1 8.35 ie 2 
2 ym aH 2 
3 ree 5.04 9 
4 as es 0.00 (two items only) 
5 oe is ‘1.11 (six items) 


* By critical ratio is meant the ratio of the actual difference be- 
tween a ey sa and control group means to the standard 
error of the difference between the means. A high critical ratio 
indicates, not that the difference between means is especially 
great, but that the possibility that the difference may be due to 
chance factors is especially small. Most experimenters deem 
critical ratios based on a sample of as many as 20 cases to be 
“significant” if greater than 2, and “very significant” if greater 
than 3. All the ratios cited are certainly very significant, except 
those derived from Examination C. With only eight pairs, 
there are five chances out of a hundred that a ratio as large as 
2.36 may be due to pure chance, and one chance out of a hundred 
that a ratio as large as 3.45 may be due to pure chance. 

t As listed at the end of the first paragraph of this paper. 


Examination C, 
8 pairs - 





(two items only) 





It can thus be seen that, so far as the ability to use 
chemistry to be an effective consumer of goods, support 
intelligently necessary public services, or earn his living 
by a worth-while contribution to the community (in 
this case, the practice of agriculture), there is no doubt 
of the superiority of the experimental group, assuming 
only that the examinations are valid measurements of 
achievement in these areas. This could not, of course, 
be proved except by examining the living habits of per- 
sons who have taken the examinations over a long pe- 
riod of time. There is, however, no evidence that these 
students learned to use chemistry in order to make more 
effective use of leisure time, or defend themselves more 
effectively against hostile environmental forces (here 
conceived as military aggression). 

Appraisal of the success of the experimental course in 
meeting students’ needs “to participate effectively in 
the processes of democratic society” and ‘‘to develop 
into an adult, mature, and self-reliant personality” is a 
complex, qualitative, in part subjective process, based 
on observation of student behavior in class, their anon- 
ymous comments about the class, and analysis of their 
written documents. This requires citation of numerous 
excerpts, in order to be meaningful, and cannot.be un- 
dertaken in the space available. Readers interested in 
the question are referred to Chapter XII of the disserta- 
tion.2, We may state at this point that the chemistry 
course proved to be a situation in which interpersonal 
relationships of apparent therapeutic value for several 
rather seriously disturbed students were established. 

With reference to the second question—whether one 
sacrifices some of the objectives of the traditional chem- 
istry course in adapting the course to student need by 
the experimental method—an equally conclusive answer 
is possible. The first semester final examination of the 
control group was administered to forty-six pairs of 
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students, the second semester final to sixteen pairs. 
The eight pairs remaining at the end of the course were 
given the following sections of the American Council on 
Education Cooperative General Chemistry Test for Col- 
lege Students, Form 1942: Section A, “General Knowl- 
edge and Information”; Section E, “Application of 
Principles’; and Section F and G, “The Scientific 
Method,”’ the examination period being too short to 
permit the administration of the entire instrument. 
Results are presented in Table 2. It should be borne in 
mind that these results are based, in each case, upon the 
entire instrument administered, and not upon a few 
items combined to form a part score, as was the 
case in dealing with the data gathered from the experi- 
mental group examinations and cited in Table 1. 





TABLE 2 


Comparison of Results Obtained by Experimental and 
Control Groups on Examinations Measuring Objectives of 
Conventional Chemistry Courses 


Critical 
ratios* 


—10.17 
—10.73 


—2.11 
—1.48 





Examination 


1st Semester Final 
2nd Semester Final 
A.C.E. Examination: 

Part A 

Part E 

Parts F and G —0.62 


Total A.C.E. ~1.78 


*The negative numbers indicate superiority of the control 
group. 








The superiority of the control group on its own ex- 
amifations is overwhelming. Evidently, there is little 
overlapping between the objectives achieved by the 
control and experimental groups. On the American 
Council Examination, the superiority of the control 
group is uniform but small. None of the ratios cited is 
significant at the 5 per cent level with 8 pairs of stu- 
dents, and that for parts F and G is so small as to be vir- 
tually meaningless. However, in view of the greater 
similarity in content between the control course and the 
usual college chemistry course than between the ex- 
perimental course and the conventional offering, it is 
likely that the superiority of the control group on this 
examination is real. Its small magnitude is undoubt- 
edly due in part to the very small number of students 
involved in the measurement, and the relative inepti- 
tude of both groups as measured by the Iowa test. 
Apparently, instructors who attach greater importance 
to the learnings of the traditional chemistry program 
than to the ability to use chemistry in the solution of 
problems based on human needs would do well to con- 
tinue to teach according to their accustomed organiza- 
tion. One does not achieve both better by the experi- 
mental method. 

The experimental method, then, is applicable to those 
institutions which wish to alter their objectives from 
those of factual learning of a conventional course of 
study to the ability to apply science to the exigencies of 
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daily living, without disturbing their administrative 
structure. It is not applicable to those institutions 
which, while concerned with the kind of objectives best 
met by the experimental course, remained committed 
to maximum. learning of classical science. It is espe- 
cially unsuited to institutions which wish to use a re- 
lationship to student interest merely to motivate stu- 
dents toward a greater effort to learn academic science. 
Those components of the conventional chemistry of- 
fering which were not visibly related to the problems 
around which the course was organized were really 
eliminated as intended. This does not mean that the 
objectives of the traditional and experimental program 
are irreconcilable. It is perfectly conceivable that a 
course may be developed which will lead to the objec- 
tives of both better than either the experimental or 
control course led to its own. Even within the limits of 
the “needs” approach, as described above—for exam- 
ple, in adapting a chemistry course to the needs of 
students who planned to earn their living as chemists— 
this might be achieved. In the ordinary adaptation 
of a science course to the needs of students who did not 
wish to become scientists, however, this would neither 
be attempted nor accomplished. 

The third question, dealing with student emotional 
attitudes toward the course, may be answered in part 
by anonymous student comments on the course, which 
were made by 33 commentators. The statements have 
been classified on a five-point scale of feeling tone. The 
classification is subjective and may be unreliable. No 


attempt has been made in the classification to provide 
for variations in intensity of feeling; only the total 
complexion of the statement is considered. Totally fav- 
orable, for example, means completely, not passionately 


favorable. It must also be noted that the statements 
vary considerably in length, and that some are prob- 
ably totally favorable or unfavorable, rather than 
partially so, merely because fewer issues are considered 
by the student. The number of comments classified 
at each point on the five-point scale is given below: 
All the comments are reproduced in the dissertation. 


Totally favorable (5). 
Predominantly favorable (11). 
Ambivalent (2). ‘ 
Predominantly unfavorable (10). 
Totally unfavorable (5). 


Clearly, since the comments are so evenly divided be- 
tween favorable and unfavorable, a distinction exists 
between the adaptation of a course to student need, as 
here defined, and catering to the immediate desires of 
all the students. Evidently the experimental course has 
not been a revision in response to popular demand. 

Evidence in answer to the fourth question—that of 
the appropriateness of the experimental course pro- 
cedures and the range of applicability of the method— 
may also be obtained by careful analysis of the anony- 
mous student comments, with reference to statements 
occurring in the comments of more than one student. 
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Of course, such statements are not expressed in identical 
words by several students, but the writer believes that 
they are clearly embodied in the comments and that 
interpretation has been avoided. These data will be 
found in Table 3. 





TABLE 3 


Statements Included in Comments of Anonymous Student 
Commentators 





Total No. 
comments 
making same 


Statement statement 





Course is highly practical 13 
Course lacks ‘fundamentals’; previous 


knowledge of chemistry required to under- 
stand it 

Course does not teach you to understand 
equations and formulas 

Student feels need of textbook to “fall back 


— 
_ 


n 

The language of the instructor is too compli- 
cated to be understood 

Student feels unprepared to take further 
chemistry 

More visual aids or materials needed 

Poor discipline in class 

Course devotes insufficient time to each topic 

Course allows students to reason things out 
for themselves 


Nb NNWWH BR @ AQ 





What are the implications of these data? Thirty-nine 
per cent of the comments include a statement that the 
course is practical; that it is closely related in most or 
all of its parts to the life which the student expects to 
live. This statement is made more frequently than any 
other. It was made by 3 of the 10 students whose atti- 
tude toward the course is predominantly unfavorable, 
and 1 of the 2 classed as ambivalent. This seems to 
indicate that a large proportion of the class regarded 
the objectives of the class as valid, although some of 
the students who so regarded them felt that defects in 
methodology are sufficiently serious to prevent their 
giving a favorable report on the course as a whole. Six 
of the 11 students whose attitude toward the course 
was predominantly favorable regarded it as practical 
and 2 of the 5 whose attitude was totally favorable 
made the same statement. Since both these are consid- 
erably larger proportions of the total number reporting 
the attitude than is the case for the “predominantly un- 
favorable” students, it seems likely that the needs 
chosen as a basis for the selection of content were re- 
garded as valid by many of the students, and that this 
validity was a major factor in supporting the favorable 
attitude which certain of the students feel. 

If this is true, one may place greater confidence in 
any examination results which indicate that students in 
the experimental group are able to use chemistry to 
solve problems of importance to them. Such examina- 
tion results can indicate dyly that students are able to 
do so, not that they are dr : 
dence which tends to establish further that students 
regarded the problems as important, and believed that 
the course has been of practical value in helping to 
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solve them, makes more plausible the inference that the 
behaviors exhibited on the examination will also be 
practiced in real situations; the experimental method- 
ology must therefore have been at least sufficiently ap- 
propriate to contribute to the attainment of the course 
objectives. 

The comments, however, further reveal that many 
students felt themselves to be forced into a Procrustean 
bed in which their verbal skills, ability to abstract, and 
ability to synthesize learnings from several sources and 
several fields into logical formulations were stretched 
far beyond their capacity to accommodate themselves, 
Four of the 33 commentaries stated that the language 
used by the instructor was not comprehensible. These 
students were evenly divided between the “predomin- 
antly favorable’ and “predominantly unfavorable” 
groups. This is rather surprising, since it seems that so 
legitimate a complaint should have aroused more an- 
tagonism. A person who habitually addresses groups 
in language which they do not understand has 
no place in teaching; if his voice is excellent he may 
find success in grand opera. Other faults may be jus- 
tified, or explained, by considerations of philosophy, but 
this one cannot be. One-third of the commentators, 
according to Table 3, felt that the course, despite its 
complexity, failed to present certain fundamentals of 
chemistry which they needed in order to apply the sci- 
ence effectively in their chosen problems. This condi- 
tion was the result of conscious, though apparently ill- 
advised decision. It had been the policy in the course to 
discuss only those facts and principles which could be 
related to the problems studied, and to discuss them 
only in connection with, not in advance of, the prob- 
lems. This is at variance with the example of a chem- 
istry course cited in “Science in General Education,’’? in 
which fundamental theory is considered at the outset of 
the science course. Clearly there were many students 
who had severe difficulty in understanding discussions 
in which the meaning of the terms employed was de- 
rived en route. Furthermore, the content seems to have 
included far more theoretical explanations at many 
points than could be defended at the level of general 
education. Four of the 11 students who felt insufficient 
preparation had been given them to understand the 
course expressed “predominantly favorable’ attitudes, 
and 2 expressed ambivalence, indication that this alone 
was not highly disturbing to most of the students who 
felt it. Six of the 11 also felt the course to be highly 
practical. Presumably, the students raising this ob- 
jection tended to accept the objectives of the course, 
and felt that the course organization made it more dif- 
ficult than necessary for them to reach these objec- 
tives. Thus, although the experimental method is not 
limited to any level of education by the terms in which 
it is defined, or by its fundamental philosophy; as prac- 
ticed in this chemistry course, it was adapted to the 
learning techniques of only the best students, in the 

’ Progressive Education Association, Commission on Second- 


ary School Curriculum. ‘Science in General Education,” D. 
Appleton-Century Co., New York, 1939, Pp. xiii + 591. 
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common academic sense of the term. In order to take 
broader advantage of the possibility of the method, 
needs must be defined at various levels in terms of some 
behaviors which are possible to all students, and in- 
struction must use learning techniques which present 
less formidable barriers to the verbally ungifted. The 
concept of student need must be supported by a realis- 
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tic understanding of the capacities of the students whom 
one is teaching so that it may guide instruction as well 
as the selection of content, and it must assist one in se- 
lecting, not that content which is relevant to the most 
perfect solution of a problem which the instructor can 
imagine, but that which can be used by students with 
reasonable efficiency at their own developmental level. 


THE USE OF PHOSPHORESCENT CALCIUM 
SULFIDE BY THE BACCHANTES 


Ix nis raests “De tribus laminis aureis quae in 
sepulcris Thurinis sunt inventae” (Leiden, March 19, 
1915) Jan Hermannus Wieten has dealt with the 
Mysteries of Bacchus in southern Italy in about 300 
B.C. In it he drew attention to a description by Livy! 
of the nightly orgies, Bacchanalia, which in the begin- 
ning of the second century B.C. were celebrated not 
only in southern Italy but everywhere in that country, 
especially in Rome. Concerning the ceremonies, a 
woman initiated into the orgiastic proceedings, Hispala 
Fecenia, tells us: ‘‘viros velut mente capta cum iacta- 
tione fanatica corporis vaticinari, matronas Baccharum 
habitu crinibus sparsis cum ardentibus facibus de- 
currere ad Tiberim, demissasque in aquam faces, quia 
viveum sulphur cum calce insit, integra flamma effere.” 
(Thus the torches were immersed in the water of the 
Tiber by women who were in bacchantic frenzy. The 
flame, however, was not damaged, because the torches 
contained natural sulfur with lime.) 

Euripides describes in his tragedy ‘“Bacchae’’? 
how the Bacchantes, hastening forward in trance, 
swung their torches and carried fire on their hair with- 
out being hurt. They also drew milk from the Tiber.® 

In connection with these communications Wieten 
points out in his thesis‘ that a chemical compound of 
lime and sulfur has been found to be luminescent in 


1 Livy, T., “Ab Urbe Condita Libri,” liber 39, caput 8 ff. 
(186 B.c.), 13, §12. 

2 See, for the chorus, verses 64-169; for the message of the 
messenger, verses 677-774; for the torches, verses 80 ff. and 
145 ff.; for the fire, verses 757 ff.; for the flowing of the milk, 
verses 142 ff. and 707 ff. 

2 See also Marcetius, Nonius, ‘“Compendiosa doctrina,” 
who quotes from ‘“Homina Annalium,” liber IV, ‘ex Tiberi 
lacte haurire.” 

‘Pp. 140-1. 





(A Memorial Tribute to Dr. J. H. Wieten) 
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The University, Leiden, Holland 


darkness after being exposed to daylight. That this 
substance does not hurt the hair when carried on the 
head is to be expected. Furthermore, it would produce 
a milky liquid when it is thrown into water after being 
pulverized. Wieten remarks in conclusion that the 
Greeks called the fire which was used in their mysteries 
‘“‘phosphoron,”’ 2. e., light carrier. 

When Wieten, after the publication of his thesis, 
applied to me for an opinion on the probability of his 
hypothesis I proposed to make some experiments. 
“Vivum sulphur” could only mean free sulfur as found 
in voleanic regions. The lime might have been ob- 
tained by heating marble or shells. 

According to Becquerel® marble, as well as oyster 
shells, gives a calcium sulfide which radiates a yellow 
light, but the intensity is greater in the case of oyster 
shells. 

Therefore we used oyster shells and prepared the 
calcium sulfide as described by John Canton® in 1768: 


Calcine some common oyster shells by keeping them in a good 
coal fire for half an hour; let the purest part of the calx be pul- 
verized and sifted; mix with three parts of this powder one part 
of the flowers of sulphur; let the mixture be rammed into a 
crucible of about an inch and a half in depth, till it be almost 
full; and let it be placed in the middle of the fire, where it must 
be kept red hot for one hour at least, and then set by to cool; 
when cold, turn it out of the crucible, and cutting, or breaking 
it to pieces, scrape off, upon trial, the brightest parts; which, if 
good phosphorus, will be a white powder; and may be preserved 
by keeping it in a dry phial with a ground stopple. 


However, instead of a coal fire we used a small 


Davies gas oven. 
That rather pure calcium sulfide shows no perceptible 





5 BECQUEREL, E., Ann. chim. phys., 55 (3), 32 (1859). 
6 Canton, J., Phil. Trans., 58, 337 (1768). 
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phosphorescence has been observed by de Visser,’ who 
also proved that perfectly pure zinc sulfide emits no 
light at all. However, traces of several salts added 
during the preparation of this sulfide cause phosphor- 
escence of different intensity and color. Moreover, 
the addition of a sodium salt intensifies the light con- 
siderably. This fact explains why oyster shells, which 
always contain a certain quantity of the salts of sea 
water, also produce as a rule an intense light, as we 
were able to observe. 

Ringer and I® had observed previously that the 
ability of zinc sulfide to phosphoresce does not change 
perceptibly by drenching it with water, even with 
boiling water. On repeating the experiment with 
calcium sulfide showing an intense phosphorescence, a 


7 pE Visser, Rec. trav. chim., 20, 443 (1901). 
8 RINGER AND J. H. WIENTEN, ibid., 22, 135 (1903). 
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similar result was obtained. That the fine-grained 
white powder of this substance gave a milky liquid 
with water was to be expected. 

Thus we may come to the conclusion that Wieten’s 
hypothesis is not contradicted by experiment. 

Jan Hermannus Wieten was born on February 6, 
1888, in the village Aalsmeer, in Holland, where his 
father was a clergyman of the Reformed Church. In 
the town of Kampen he went to the grammar school to 
prepare for the university. After having passed the 
final examination in 1907 he studied the classic lan- 
guages in the University of Leiden. While teaching the 
classics in two grammar schools he made his extensive 
literary researches for his thesis. He took his degree 
(doctor of classic languages) on March 19, 1915, having 
a hopeful career before him. However, within a year 
he fell ill and died on May 6, 1916. 


RARER ELEMENTS IN QUALITATIVE 
URANIUM 


ANALYSIS. II: 


Since rue second world war was brought to the end 
by virtue of the atomic bomb, the search of uranium 
ores has been a matter of the highest importance to 
the state. To detect the presence of uranium in an 
unknown ore, it is highly desirable to secure a standard 
procedure for the separation and identification of uran- 
ium in the system of qualitative analysis. Although 
a number of special methods for detecting uranium 
have been suggested during the last decade,! yet most 
of them are only fit for technical purposes and lacking 
educational meaning. The method proposed by Noyes 
and Bray? seems useful, but it is suitable for the ad- 
vanced students only. In attempting to include uran- 
ium in the elementary course of qualitative analysis, 
the present investigation was undertaken. 

The experiments performed in this investigation may 
be divided into three series. In the first series of ex- 
periments, the position of uranium in the system of 
analysis was ascertained and some characteristic 
reactions of this element were tested. The sample 
used in this experiment was pure uranium nitrate 
(E. Merck C.P. Grade). It was found that uranium 





1De Ment, J., anp H. S. Daxs, “Uranium and Atomic 
Power,” 1945, p. 176; “Special Methods in Uranometry,” 
Chemical Publishing Company, New York. 

2? Noyes anp Bray, ‘“‘A System of Qualitative Analysis for 
the Rarer Elements,” Macmillan Company, New York, 1927. 
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is neither a member of Group I and/nor of Group II. 
When the uranium nitrate solution is made alkaline 
with ammonium hydroxide, a yellow precipitate of 
ammonium diuranate forms. Without filtering and 
passing HS into the mixture, the color of the precipi- 
tate changes from yellow to brown, owing to the con- 
version of (NH,)2U20; to UO.S. Uranyl sulfide dis- 
solves both in dilute hydrochloric acid and also in a 
mixture of NaOH and Na,Oz. In the latter case, a 
yellow solution of a perurante results. Therefore, if 
the Group III precipitate is analyzed by the author’s 
scheme,’ uranium will be found in Subdivision B. 

A systematic analysis of the cations including uran- 
ium: was made in the second series of experiments. 
Test solutions of the common cations and that of 
uranyl nitrate were made up in the customary manner. 
The sample to be analyzed was a mixture consisting of 
the test solutions of all the cations of Groups I-III 
including that of uranium. The procedure for the 
separation and identification of uranium in the system 
of analysis was as follows: Add to the mixture 5 ml. 
of 3 M HCl and filter off the Group I precipitate. 
Heat the filtrate to boiling and saturate it with H,S; 
then dilute the mixture to 50 ml. with water, cool, and 
saturate it with HS again. After filtering off the 
precipitate of Group II, the filtrate is boiled to expel 

3 Cuao, TrnG-Pine, Chinese Chem. Soc., 11, 106 (1944). 
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DETECTION OF URANIUM IN GROUP III 





Filtrate from Group II: Add NH,Cl, NH,OH, and saturate it with H,S. 





PPt. 1: UO,S, —* Cr(OH);, FeS, CoS, NiS, ZnS, Mns. 
Add cold, 1 NH 


|Filtrate 1: Group IV and Group V. 








Residue 2: CoS, NiS. 


Filtrate 2: Make alkaline with NH.OH and saturate it with HS. 





NiS. Add cold, 1N HC 


Ppt. 3: UO.S, Al(OH)s, oo FeS, ZnS, MnS, and traces of CoS, 


[Filtrate 3: Rejected 








Residue 4: 


Filtrate 4: Add NaOH, Na2O2, and Na2,COs. 





CoS, NisS. Ppt. 5: MnO(OH)2, 


Fe(OH)3;, traces of 





Filtrate 5 (Subdivision B): AlO.~, CrOy~, Z,027, and peruranate. 
Acidify with HCl, then make alkaline with NH,OH 





Zn(OH)s, ' O- 
(OH);, Ni(OH): 
(and carbonates 
of Ba, Sr, Ca, Mg, 
if asym or 
Subdivision A.) ° oe ey 


Subdivision C. 











Filtrate 6: 
Zn(NHs3)4**.(Test add so 
Cr and Zn in this 
solution as usual.) 


CrO,~, | Ppt. 6: (NH) 00s, AKO. Diss. in HNO;, 
lid NaHCO;, then make alkaline 


with NH,OH. 


Ppt. 7: Al(OH)s. 
(Identify it as 
usual, 





Filtrate 7:[UO2(COs;)3.] ~* 
Acidify with HC,H;0., 
add Nas:HPQ,. 


= UO.NHyPO.. Diss. 
HCl, evap., add 
NaCl and K,Fe(CN)s. 
Ppt.: 
Add 


(UO2)2[Fe(CN).]. 
OH, color of 
ppt. turns yellow: 


Presence of 











HS. Add to the solution solid NH,Cl and then NHz- 
OH until alkaline, and, without filtering, saturate the 
mixture with HS. Filter and separate the Group III 
precipitate into three subdivisions, according to the 
authors’ scheme. As described in the previous paper,* 
the Group III precipitate is first treated with cold, 
1 N HCl, whereby the sulfides of cobalt and nickel 
are separated and constitute the Subdivision A. This 
separation is repeated a second time and finally the 
filtrate from the HCl treatment is treated with NaOH, 
NazO. and NaeCO;, and filtered. The filtrate con- 
taining peruranate, aluminate, chromate, and zincate, 
constitutes the Subdivision B. The precipitate con- 
tains manganese, iron, traces of zinc, cobalt, and nickel 
(and possibly alkali earths if phosphate or oxalate is 
present), constituting the Subdivision C. The an- 
alysis of the cations of Subdivision A and Subdivision 
C has been described in the previous paper* and no 
modification is required. The Subdivision B is acidi- 
fied with HCl and then made alkaline with NH,OH. 


Ammonium diuranate and aluminum hydroxide are’ 


precipitated and filtered (separation from chromium 
and zine). Dissolve the precipitate in dilute HNO, 
add solid NaHCOs, and then make the solution slightly 
alkaline with NH,OH. Al(OH); is thereby precipitated 
while uranium forms uranyl carbonate complex and 
remains in solution (separation of uranium from alumi- 
num). When the solution containing uranyl carbonate 
complex is acidified with acetic acid and a slight excess 
of sodium phosphate is added, a white precipitate of 
ammonium uranyl phosphate separates out. To con- 
firm, dissolve the latter in dilute HCl, evaporate the 
resulting solution to a small volume, and add NaCl and 
KyFe(CN)s. A brownish-red precipitate shows the 
formation of uranyl ferrocyanide. On addition of 


potassium hydroxide the precipitate turns yellow, 
confirming the presence of uranium. Triplicate ex- 
periments were run by this procedure, using varying 
concentrations of the constituent ions. Uranium was 
found correctly in all cases where there were as much as 
2 mg. of this element present in the mixture. 

In the third series of experiments, a native ore (oc- 
curring in Haicheng, Lioning, China) was analyzed. 
The sample was first pulverized into very fine powder 
and treated with hot aqua regia. It was found that all 
the uranium in the ore goes into solution; because, 
when the acid-insoluble residue was fused with sodium 
carbonate and the fused mass was extracted with water, 
both the water-insoluble residue and the water extract 
were proved to contain no uranium. To detect the 
acid solution for uranium, all the characteristic re- 
actions of uranium were found correctly. The ex- 
periments of the second series were then repeated, 
using this uranium solution instead of the test solution 
of pure uranyl nitrate. The same results were obtained 
as before, indicating that the procedure for the separa- 
tion and identification of uranium as described in the 
second series is satisfactory. 

In order to emphasize the position of uranium in the 
system of analysis, the above table is given. 


Summary. When the conventional method of ele- 
mentary qualitative analysis is followed, uranium is 
found in the Aluminum Division of Group III. A 
procedure for the separation and identification of 
uranium in the system of analysis is recommended. 


Acknowledgment. The authors wish to thank Mr. 
Y. C. Lee (Assistant of Analytical Chemistry at 
National College of Pharmacy) for his help on some 
supplemental experiments of this investigation. 





TEACHING FUNDAMENTALS FOR A VARIED 
CHEMICAL INDUSTRY’ 


Tue crapvuates of each university are expected to 
saturate the demand for educated, trained individuals 
in the communities supporting that school. The 
employer expects that the individual will possess the 
education and training necessary for the work assigned 
to him and will have the capability of progressing within 
the organization and the community. Where one in- 
dustry is extremely varied, as is the chemical industry 
in Texas, the individual cannot be trained in all the 
ramifications of that industry. He must receive a 
training in fundamentals that are applicable to all 
industries and be made familiar with some of the ways 
in which these fundamentals are used in industry so 
that he can develop an awareness for or alertness toward 
new applications of these fundamentals in new situa- 
tions that may confront him. 


WHAT ARE FUNDAMENTALS? 


No university would ever admit that it did not teach 
fundamentals, but its definition of a fundamental 
subject might be debatable. Certainly in the chemical 
engineering curriculum essential fundamental sub- 
jects are mathematics, chemistry, physics, and English. 
Less essential in chemical engineering, but fundamental 
for specialized work, are economics, psychology, geol- 
ogy, and biology. These fields give the fundamentals 
upon which can be based specialized courses, as per- 
sonnel management has its fundamentals in psychology. 

The fundamentals of chemical engineering may be 
somewhat controversial at this time. Kirkbride (3) 
has defined five technical fundamentals: (1) the ma- 
terial balance, (2) the energy balance, (3) static equilib- 
rium, (4) rates of transfer and transformation of mass 
and energy, (5) the economic balance. To these 
technical fundamentals he adds the nontechnical values 
of human relationships and presentation of ideas and 
results. The definition used by Kirkbride is somewhat 
different from the usual chemical engineering cur- 
riculum arrangement in which emphasis is placed on the 
unit physical operation and unit chemical process 
concept. Few schools have given at the undergraduate 
level special courses in process rates, but material on 
rates of transfer of mass and heat has been included 
in the various unit operations in which thesé are in- 
volved. The economic balance may be given as a 
separate course or be the objective of many of the 





1 Presented before the Chemical Engineering Division, Ameri- 
ean Society for Engineering Education, at Austin, Texas, June 
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problems in other courses, either fundamental or 
application courses. 


TECHNOLOGY AND APPLICATION COURSES 


In addition to chemical engineering courses teaching 
these five fundamentals each curriculum usually has a 
number of courses which may be called technology. 
A survey of the announcement of courses for a number 
of the larger schools shows that they offer courses in 
fuel technology, water treatment, plastics, cellulose 
industries, pulp and paper technology, petroleum re- 
fining technology or engineering, electrochemistry, 
paint and varnish technology, fermentation industries, 
ceramics, and other specialities. Frequently, courses 
in metallurgy, metallography, and instrumentation are 
given under the supervision of the chemical engineering 
department. 

In addition to these courses in technology are a 
variety of courses that may be called applications 
courses. Such courses given in chemical engineering 
departments are design, economics, colloids, applied 
mathematics, and the like. The objective of these 
courses is to take the knowledge of fundamentals in 
chemical engineering and other courses and apply all 
of these to the problem at hand. In applied mathe- 
matics courses the instructor takes the fundamental 
knowledge of mathematics that the student possesses 
and shows him how it is applied to special problems in 
chemical engineering. Special graphical and analytical 
methods may be introduced for the solution of special 
problems. Special textbooks are available in this field 
(2, 6, 8). When the course is completed the student 
has had a thorough review of many phases of his mathe- 
matics, has extended his knowledge in certain directions, 
and has a better understanding of how to use mathe- 
matics for the solution of his chemical engineering prob- 
lems. Courses in chemical engineering design are given 
in many departments to coordinate the material in 
various chemical engineering courses with mechanical 
and structural engineering. It may also include prin- 
ciples of economics, process development, market 
surveys and plant location. A chemical engineering 
economics course, based on Tyler’s book of this ti'le 
(9), is a qualitative discussion of the organization and 
operation of the chemical process industries, rather 
than a quantitative study of present costs and future 
worth as presented in texts on engineering economics, 
and as those of Grant, and Woods and DeGarmo 
(1,10). Inthe writer’s opinion economic factors should 
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be stressed continuously in all chemical engineering 
courses. In courses in the chemical process industries 
the economic factors should rank equal in importance 
with the technical factors (4). Courses in industrial 
colloid chemistry are frequently given, based on the 
book of Lewis, Squires, and Broughton (6). In 
such a course the fundamentals of colloid chemis- 
try, learned in physical chemistry, are applied 
to important chemical industries. Such work given 
at the graduate level to small groups of interested 
students can stimulate advanced study and research 
in this specialized field. However, at the under- 
graduate level it may become too qualitative and 
generalized to be of lasting value. 


COMBINING FUNDAMENTALS AND TECHNOLOGY 


In order to give ample study of the fundamentals of 
chemical engineering, the technology may be abbrevi- 
ated to such an extent that the graduating student 
leaves with little idea of ‘how various industries are 
applying the fundamentals he has mastered. This 
situation may be avoided by using examples from the 
industries of the state so that the student gets a picture 
of how local industries apply chemical engineering. 
Thus, in the discussion of the unit operation of absorp- 
tion, the instructor in Texas may discuss the absorption 
of natural gasoline from wet natural gas, whereas the 
instructor in Maine or Washington might discuss at 
greater length the absorption of sulfur dioxide in the 
Jenssen tower to form bisulfite pulping liquor. Ther- 
modynamic calculations using problems based on proc- 
esses operated in local plants both stimulate interest 
and teach technology, particularly the principles 
applied in industry. 

The older courses in industrial chemistry fell into 
disrepute because they dealt too extensively with 
analytical methods, descriptions of equipment, and 
flowsheets. Modern courses in technology can stress 
fundamentals without the solution of the so-called 
“typical problems” (4). In the inorganic field a dis- 
cussion of the physical-chemical relationships in the 
system KC1-—NaCl-H20 naturally leads to a dis- 
cussion of how the potash companies apply these phase 
relationships to separate pure potassium chloride from 
the naturally occurring mineral sylvinite. This dis- 
cussion would then lead to flotation processes used to 
separate the mixed crystals of potassium chloride from 
the sodium chloride occurring in sylvinite. _ The tech- 
nical and economic significance of the two processes 
should be stressed. 

In organic technology the field is wide open for the 
discussion of economic factors at work between in- 
dustries and within one industry. The decline of the 
wood distillation industry with the introduction of 
synthetic acetic acid and methanol serves as an illus- 
tration of interprocess competition. Intercommodity 
competition between methanol and ethanol for the same 
markets shows how the total markets for both chemicals 
have expanded. The production of ethanol by fer- 
mentation, from ethylene produced in petroleum re- 
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fining, and by the Synthol process illustrate the variety 
of industries that may compete for the same markets. 

The fundamentals of English can be driven home in 
chemical engineering courses if the instructor is em- 
phatic in stressing the need of good oral and written 
presentation of technical material. Unfortunately, 
many instructors of technical subjects feel that engi- 
neering is their field and they let the English instructor 
take care of his own. The technical instructor can no 
more afford to take this attitude toward English than 
he can toward mathematics. It is just as vital to the 
future progress of the young engineer. Cooperation 
between the English department and the technical de- 
partment can lead to a four-year program of training 
that produces excellent results. 


THE PRACTICE SCHOOL 


The practice school allows the graduate student to 
apply his knowledge in an industrial plant on an in- 
dustrial scale. It gives him the viewpoint of prac- 
ticality and removes any doubts concerning the size 
and scale on which industrial plants operate. The 
method used by the Massachusetts Institute of Tech- 
nology is excellent for a school having a large graduate 
body and a popular practice-school course. In the 
M.I.T. program there are four practice stations oper- 
ated at different types of chemical plants. A class 
usually spends two months at each station working on 
problems peculiar to that industry. A more modest 
but an effective procedure is that used at Texas prior 
to the war. A small group of graduate students (6 to 
10 men) accompanied by an instructor would spend a 
total of six weeks at three different types of chemical 
plants. Units in each plant had been selected for test. 
The group performed these tests, calculated the results, 
and reported them to the plant management in the form 
of an engineering report. Usually the students were 
allowed free access to the plant and could observe the 
operation of other plant units. This program had to 
be suspended during the war and has not yet been 
revived because of a shortage of teaching staff. 


INDUSTRY AND FACULTY COOPERATION 


Each department and each individual within the 
department should examine the offering of courses and 
the context of his own courses to insure that basic in- 
formation is presented to the student. There is usually 
nothing stimulating about a textbook; its cold, printed 
pages present facts and figures. The instructor can 
make this material alive and stimulating through its 
presentation in connection with the industries of the 
state. 

But in order that the instructor can present these 
examples he should have done more than read a related - 
account in a technical journal. He should have ob- 
served the operation of the plant, he should had dis- 
cussed technical, economic, and personnel problems 
with the operating personnel and plant management. 
This can be done by annual visits of faculty to the 
industrial plants. These should not be part of student. 
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trips in which groups are herded past production units 
and given a general statement of the name of the unit 
and the product made. It should be a technical in- 
spection in which a few faculty members accompanied 
by several plant technical men examine various units 
and their integration into the plant program, and dis- 
cuss the economics of competing types of units and 
operating procedure. Needless to say, such inspec- 
tions should be at the invitation and expense of the 
companies. They have much to gain and it should be 
part of their personnel recruitment program. About 
the time that Reyerson (7) pleaded for a two-way 
street from the campus to industry, some progressive 
companies, such as Monsanto Chemical Company, 
Proctor & Gamble Company, and the General Electric 
Company, began such a program. It is hoped that 
other companies will continue this program. 

Recently the Monsanto Chemical Company has 
expanded its cooperation with universities. It has 
been willing to give employment to chemical engineering 
instructors for summer months at its various plants. 
It now will take a man on leave from his university 
position for a period of one year and allow him to work 
in several divisions of the plant to which he is assigned. 

Such a plan is excellent for the young instructor who 
is not tied to his school by graduate research students 
who need his advice and direction. For those staff 
members who must stay with their research programs 
a fellowship plan is proposed in which the company 
places in the school a fellowship for a fundamental 
research problem bearing on some phase of the com- 
pany’s work. Semiannual research conferences at 
the company’s laboratories and inspection of research 
laboratories and plants will do much to familiarize the 
instructor with the company and to stimulate his in- 
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terest in their problems as well as in research in general. 

The retention of the faculty member as a consultant 
for an industrial organization likewise gives him current 
industrial examples to use with his classes as it acquaints 
him with current practice much broader than the con- 
sulting work. The effect on the students is noticeable, 
for they observe that they are being taught by a chemi- 
cal engineer and not a “‘professor.”’ 

Both industry and the university gain by the stimula- 
tion of the instructor so that a chain-reaction type of 
activation conveys this enthusiasm for the applica- 
tion of fundamentals to the problems of industry. 
It must be encouraged and expanded by both sides. 
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A DEVICE FOR ADJUSTING GRADES 


Amosr att teachers of chemistry known to the au- 
thor employ some method of adjusting grades. This is 
particularly true of grades obtained by their students on 
examinations, for it is next to impossible to set an exami- 
nation for which the class average will be near what the 
teacher had hoped it would be. When classes are small 
the adjustment of grades is often an individual matter 
and follows no fixed pattern. This is so of necessity 
since the mean grade is generally used in making ad- 
justments and the reliability of the mean is a func- 
tion of the number of grades. In large institutions, 
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however, where large classes prevail and where students 
in the same course receive instruction from different 
lecturers, or students of the same lecturer are examined 
at different times, and where the grading of common ex- 
aminations is performed by several individuals, it be- 
comes necessary to institute some uniform method of 
grade adjustment so that all students in the course will 
be dealt with on a par. 

The scheme presented in this paper is the result of, 
considerable experimenting over the years to find an 
equitable solution to the problem just stated. The 
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method proposed is not ideal, and probably not even 
original, but it has the merit of being rapid and objec- 
tive, and its operation is understood at a glance. When 
it is employed, it is advantageous to let the students 
know about it, for nothing helps student morale more 
than to know that all are treated alike and as fairly as 
limitations of the procedure will allow. It has been the 
author’s experience that teachers, some of whom were 
at first loathe to admit they practiced any form of 
grade adjustment, became firm adherents to the method 
once they saw that it introduced uniformity into their 
grading and developed a feeling of satisfaction in the 
minds of their students. 

The details of the method are easily understood from 
the figures, both of which show the grade adjustment 
graph. In laying it out it has been assumed that the 
average performance of a class on an examination should 
come to 75 per cent. This may be called the ideal aver- 
age. If that level is not suitable, any other may be 
chosen and a graph constructed accordingly. It is seen 
that a sloping line AB is drawn through the horizontal 
scale at the 75 mark. The line is extended until it in- 
tersects the left- and right-hand margins of the graph at 
points not shown in the figure. The upper point be- 
comes a center from which lines radiate through points 
lying below 75 on the horizontal scale. The lower point 
is similarly the focus of lines radiating through points 
above the 75 mark on the scale. It is now necessary to 
construct a grading “‘stick’”’ upon whose upper and lower 
edges a scale 0-100 is ruled to correspond exactly with 
the horizontal scale on the graph. The “stick” may be 
a sheet of cardboard or plastic, or, as in the figures, 
a thin slab of wood (the slat of a Venetian blind). 

The grade adjustment proceeds as follows. Suppose 
the average raw score is 57. Then the grading stick is 
placed as shown in Figure 1 with the line AB passing 
just under the mark 57 on the lower scale of the stick. 


v 


Grading Stick in Place for Adjusting Grades from a 57 toa 
75 Average. 














Figure 2. Grading Stick in Place for Adjusting Grades from a 79 to a 
75 Average. 


The ordinates help to orient the stick quickly. The 
student’s raw score is located on this lower scale of the 
stick and the eye then follows the radiating lines down 
to the horizontal scale on the chart where the adjusted 
grade is found. Similarly, if the average raw score is 
above 75, say 79. then the stick is placed in the position 
shown in Figure 2, the raw score is located on the upper 
scale of the stick, and by extrapolation to the horizontal 
scale on the graph the adjusted score is obtained. It 
will be noted that the scales are laid off in intervals of 
five units and it might be thought that lines one unit 
apart would give more accurate readings. This would 
be true if the graph were large but not for one of the size 
used by the author, namely 15 X 20cm. With a graph 
this size it is easily possible to extrapolate by eye from 
scale to scale with a maximum error of +1 unit. 

It should be mentioned that a similar end may be 
achieved by drawing up a set of tables one for each 
value of the average raw score that is to be adjusted to 
a 75 per cent level. The values for these tables may be 
obtained from the graph described above by setting the 
stick at various levels. It is, of course, also possible to 
arrive at values for constructing the tables quite without 
recourse to the grading graph and stick. Such tables 
are almost on a par with the graphical method when it 
comes to speed and accuracy. It may also be noted in 
passing that a simple setting of a slide rule will permit 
adjustment of grades that fall below the average raw 
score but not for those above. 

To facilitate the use of the grade adjustment graph it 
may be mounted on a piece of plywood of such size that 
there is a 5-cm. margin on all sides. Then elastic bands 
may be stretched from the top to the bottom of the 
board in the left and right margins. The grading stick 
may be slipped under the elastic bands and it will then 
be held firmly in position thus allowing the board and 
chart to be used in a vertical position. 





TECHNICAL EDITING AS A CAREER FOR 
BACHELORS OF CHEMISTRY’ 


P ERHAPS, like a good debate, this paper should begin 
with a definition of terms. Technical editing as used 
here means the style editing of technical material. It 
should be obvious that no new bachelor of chemistry 
can pass upon the scientific value and logic of chemical 
reports—that is done by supervisors before the reports 
reach the technical editor. The technical editor is a 
technical grammarian, but he is more than that. He is 
an expediter of ideas. It is his job to see that the ideas 
of the research or production chemist reach manage- 
ment, or the scientific world, or customers in the most 
efficient and attractive manner possible. 

In recommending a field of life work to any student 
our first concern is: “Is there a big enough demand to 
warrant specializing in that field?” Ten years ago most 
of us would have said, “No,” if the question were asked 
about report editing, but the war has changed the 
picture considerably. 

Research chemists always have had to write some 
sort of report of their work for the patent division or 
for management (to back up a request for expensive 
equipment or more help). But most of those reports 
were meant for only local consumption and no attempt 
was made to do a good job of the writing because the 
reports were merely the means to more important ends. 
Indeed, the reports to management were often so poorly 
written that the readers had no earthly idea as to what 
was going on; so they either agreed to the request be- 
cause the research looked like something very com- 
plicated and, therefore, important, or refused it because 
they could not see any sense to it. 

Before the war, only a relatively few large industries 
with national organizations (such as Hercules Powder, 
DuPont, Standard Oil, and Pure Oil) considered their 
reports important enough to have report editors. Of 
course, there were the research organizations like Ar- 
mour Research Foundation, Battelle Memorial Insti- 
tute, and Mellon Institute which, by the very nature of 
their work, were required to pay considerable attention 
to their reports. Because they were doing research for 
government and for private industry, frequently their 
only tangible product was their reports, so most of them 
had some definite plan of report editing. Almost from 
the beginning government research groups have had 
some more or less organized report procedures and some 
of the groups had report editors. 

With the war came an increased demand for tech- 
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nical writers and editors because many companies 
found themselves in the position of consultants to 
government agencies which demanded reports of their 
activities. Even the government agencies themselves 
became still more report conscious. On the Manhattan 
Project, I was only one of at least a hundred technically 
trained persons who worked full time at writing or 
editing reports on the research and operating proced- 
ures that went into producing the atomic bomb. 

One of my first jobs as technical editor at the Armour 
Research Foundation was to catalog ten file drawers 
full of reports from outside agencies on only those 
research problems of interest to our group in applied 
mechanics. And for just four projects alone reports 
continue to come in at the rate of 10 to 15 a week; all 
of those reports are being edited by someone. 

At the recent national spring convention of the 
American Chemical Society a symposium on technical 
journalism drew an attendance of about 200 persons, of 
whom about 20 per cent were women. 

Before encouraging a student to train for any par- 
ticular profession we must consider he has the necessary 
qualifications, which brings up the question, “Just 
what are the qualifications required for report editing?” 

Although it is a field in which the person holding only 
a bachelor’s degree is not at a disadvantage, it should 
not be regarded as a refuge for laboratory misfits. Just 
as a good research chemist differs greatly from the good 
production chemist or the good chemical librarian, the 
report editor differs from all three of them. 

Surprising as it may seem, I would say that the pre- 
dominating characteristic of a good editor is a desire to 
serve. Recently I asked the report editor of a large 
eastern company what she would say were desirable 
qualifications for a report editor and, without any 
prompting from me, she said, “‘A desire to be of service 
to people, being able to get pleasure out of helping 
others do a good job.” 

Often a person who would make a good teacher would 
be equally as good at editing because the two jobs have 
much in common. Personally, I have found many of 
the habits formed in previous years of teaching have 
been very useful in editing. Just as a good teacher does 
not carelessly assume previous knowledge on the part 
of his students a good editor makes sure that a report 
writer gives an adequate introduction to his work and 
does not use highly technical language when simple 
English will meet his needs adequately. Both a good 
teacher and a good editor need to like people and to 


692 












SS ae aS ae 


ae | 











DECEMBER, 1948 


know how to get along with them. An editor’s job isa 
touchy one for he must be able to correct a writer’s 
mistakes without antagonizing him. 

Being satisfied to serve without glory, or even recog- 
nition, is @ very important qualification for an editor; 
although he may rewrite more than half of a report, his 
name never appears on it. If the result is good the 
author gets the credit; if the report is poor the editor 
is blamed for letting it get by in such shape. 

The editor must convince the report writers not only 
that he wants to help them but also that he is capable 
of doing so. Very often the writer must be convinced 
that a good report is necessary, and that clear, correct 
English is vital to a good report. A teacher must be 
able to say, “I don’t know,” to occasional questions 
and still retain the respect of his classes; an editor, 
although no expert on the subject of the report, must 
be able to convince the writer that he means “single 
comma perforated grain” and not “single perforated 
grain.” 

An editor should have the patience of Job and the 
even temper of a saint. Most reports are written by 
the research men of an organization and research men 
are the prima donnas of science. There are times when 
an editor must be able to take quietly a regular tirade 
of abuse over a trivial mistake because the research 
man just has to let off steam at someone since he cannot 
smash the electron microscope that has just now proved 
that the major premise on which he based yesterday’s 
report is all wrong. On the other hand, there are just 
as many times when the editor must be very firm with 
the writer who came in yesterday with a hastily 
scrawled, practically illegible report on the back of 
some scratch notes and is indignant today because he is 
expected to check back to see that the editor caught 
and changed correctly on the typed copy all the places 
where he used the same symbol to mean three different 
mathematical quantities. 

All of which brings us to the important point that an 
editor must have an infinite patience for minute detail; 
technical accuracy is his credo. Editor Marple of the 
Monsanto Chemical Company tells this story on him- 
self. In one issue of one of the house organs he edits he 
had a little fun writing about the chagrin of an English 
mathematician who calculated pi to the 450th decimal 
place only to discover that he had made an error in the 
396th place. Just before the magazine went to press 
Editor Marple discovered that by some peculiar cir- 
cumstance he had vacant one line across the bottom of 
the page, so he used the space to write pi to as many 
decimal places as he had the space to print. Imagine 
his chagrin when, within a week after publication, he 
began receiving letters pointing out that he had made 
an error in the 27th place! 

Once a student has decided upon a career in report 
editing the next question is that of planning a sound 
curriculum. Up to the present, no school has offered 
an adequate course in technical journalism, sq in finding 
a report editor one is faced with the dilemma of hiring 
either an English or journalism major or a science 
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major. It would seem to be much easier to take a good 
science major and teach him a few fundamentals of 
editing, and this has proved to be true in my experience. 

However, all too often the appalling truth of the 
matter is that one must teach the science major the 
fundamentals of English grammar, too. Fundament- 
ally, a good editor of chemical reports must have a 
good background not only in chemistry, but in mathe- 
matics and physics as well. The chemistry graduate of 
any school accepting the course recommendations of 
the American Chemical Society should have an ade- 
quate scientific background for the work. 

Unfortunately, the American Chemical Society rec- 
ommendations in chemistry, physics, and mathematics 
leave little time for free electives in such useful courses 
as advanced English composition, journalism, and 
statistics. Certainly, an adequate training program 
for report editing should include composition courses 
beyond freshman and sophomore English. A course in 
journalism with practice in editing should be included. 

It seems peculiar that research men who gather so 
much data and know its significance so well do not 
know how to present it in reports. Most graphs are 
designed fairly well, but in my experience as a technical 
editor I would say that tables of data are usually the 
poorest part of reports. Therefore, I think an embryo 
report editor should take at least one course in statis- 
tics or some other course that will give him some of the 
fundamental principles of handling and presenting data. 

In a small company a report editor often is required 
to make the graphs and line sketches for reports, so a 
course in mechanical drawing should be very helpful. 

I have purposely left until last the question of typing, 
although skill in typing is a handy tool for an editor. 
Somehow or other, a technically trained woman hates 
to admit she can type because sooner or later the men 
try to relegate to her the emergency, after-hour jobs 
the regular typists and stenographers refuse to handle. 
Although a company would never think of asking a man 
editor to do his own typing a woman editor will have 
to work a long time before she can convince her em- 
ployers that a typist is needed to save editorial time. 
So let us face it, and list typing as another “must” 
course. In fact, many women editors edged into the 
field by starting as technical secrefaries. 

Even with the increased demand for technical editors, 
few brand-new bachelors of chemistry will be able to 
plunge into technical editing jobs at once. Most 
people in the field today served apprenticeships in 
laboratories or classrooms. Like most of the other 
editors I know, I drifted into report editing by offering 
a colleague some help in preparing a report. 

The best procedure would seem to be to get.a job as 
a chemist in a large organization that has no technical 
editor, and then make oneself available every time 
someone is stuck with a report to write—for most re- 
search chemists and practically all plant chemists hate 
report writing. Such a procedure, however, may result 
in one’s starting out as a ghostwriter rather than an 
editor, but either job is fun. 





CHANGES IN pH AT THE EQUIVALENCE POINT 


Ix nevrraizaTion titrations the four cases most 
commonly encountered are probably: (1) the titration 
of hydrochloric acid with sodium hydroxide; (2) the 
titration of potassium acid phthalate with sodium 
hydroxide; (3) the titration of acetic acid with sodium 
hydroxide; . and (4) the titration of sodium carbonate 
with hydrochloric acid. In using approximately 0.1 N 
standard solutions it is customary to adjust the amount 
of the substance being titrated to approximately four 
milliequivalents so that a volume of 40 to 45 ml. of the 
reagent will be used. Then if the end point is within 
one drop of the equivalence point an accuracy of ap- 
proximately one part in one thousand will be attained. 

In these titrations the equivalence point may be de- 
fined as the pH reached when exactly equivalent 
amounts of the two reagents have been brought to- 
gether, while the end point is usually the color change 
of an indicator which has been added to the initial solu- 
tion. The equivalence point may be calculated for any 
given case by use of the ionization constant of the acid 
and the water constant and by making reasonable as- 
sumptions as to the final volume of the solution, the 
number of milliequivalents being titrated, and the 
concentration of the standard solution. The necessary 
change in pH which produces the end point with a given 
indicator is best determined experimentally by prepar- 
ing a series of buffered solutions differing from each 
other by small steps and extending somewhat beyond 
the range covered by the indicator. The volume should 
approximate that to be obtained at the end of the titra- 
tion and the same amount of indicator should be added 
to each that will be used in a regular titration. By com- 
parison of the colors in the series it is a simple matter to 
find how much change in pH is necessary to produce a 
recognizable shift of color, or how closely one can judge 
the pH from the actual color at the end point. 

In actual titrations the three indicators most widely 
used ‘are phenolphthalein—colorless in acid solution, 
red in alkaline solutions and starting to show pink at a 
pH of 8.4; methyl red modified by methylene blue— 
reddish purple in acid solution, green in alkaline solu- 
tion and pale steel blue at a pH of 5; and methyl 
orange—pink in acid solution, yellowin alkaline solution, 
and light orange or salmon colored at a pH of 4. Since 
none of these coincide exactly with the pH at the equiva- 
lence point in the titrations being considered, it is a 
matter of some interest to be assured that the end points 
in question can, if properly selected, indicate the equiva- 
lence points within an accuracy of one part in one 
thousand for the titrations. This involves the problem 
of determining the change in pH produced by the last 
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drop of reagent added in approaching the equivalence 
point in each of the different cases. This may be done 
without serious difficulty by first calculating the pH at 
the equivalence point and then finding the pH when 
one drop short of the equivalence point. 

Case I: The Titration of HCl with NaOH. In this 
case the reaction involved is fundamentally: 


Ht + OH- = H,0 


If the two reagents are brought together in exactly 
equivalent amounts and the reaction reaches equilib- 
rium slightly short of completeness, the concentrations 
of H+ and OH~ will be equal. Since at room tempera- 
ture [H+] X [OH-] = 1 X 10-4, this means that at 
the equivalence point the concentration of H+ will be 1 
X 10-7 or the pH will be 7. 

To determine the pH when one drop short of the 
equivalence point, it may be assumed that the volume is 
approximately 100 ml., that the reagent being added is 
0.1 N NaOH, that the volume of one drop is 0.05 ml., 
and that practically the whole of the OH introduced by 
the last drop is used up by the reaction indicated. On 
this basis there is the equivalent of 0.05 ml. of 0.1 N 
HCI still present in 100 ml. when the titration is one 
drop short of the equivalence point. In such a solution 
the concentration of H+ would be 0.1 X 0.05/100 = 5 
xX 10-* M, or the pH would be 4.3.. On that basis the 
change in pH brought about by the last drop of 0.1 N 
NaOH would be 7 — 4.3 or 2.7 pH units. Since the 
color change of methyl red-methylene blue lies within 
this range it is evident that this indicator may be used 
when the total volume of reagent added is approxi- 
mately 40 ml. without introducing an error as great as 
one part in one thousand. Before leaving this case, 
however, it is necessary to confirm the assumption that 
the reaction of this last drop went nearly 100 per cent 
to completion by comparing the concentration of H+ 
when one drop short, 5 X 10-, with that at the equiva- 
lence point, 1 X 10~-’. This shows that the extent of 
reaction of this last drop is 499 parts out of 500. 

If one wishes to consider the effect of one drop excess 
of 0.1 N NaOH in this titration, it will be noted that the 
OH~ thus added accumulates in the solution and the 
total volume is still approximately 100 ml. so the con- 
centration of OH~ would be 5 X 10-°. This gives a 
pOH of 4.3 or a pH of 9.7 (14—pOH). In other words, 
one drop excess of 0.1 N NaOH will change the pH from 
7 to 9.7, or 2.7 pH units. Since phenolphthalein turns 
from colorless to light red within this range it can be 
seen that this indicatior may also be used for this titra- 
tion. 
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Case II: The Titration of KHC,H,O, with NaOH. 
Potassium acid phthalate is ‘essentially completely 
ionized into K+ and HC,O0,0O,-, but the latter is 
a moderately weak acid with an ionization constant of 
approximately 4 X 10-*. On this basis the net reaction 
involved in the titration may be represented by the 
equation: 


HCs3H,O,— + OH- = CsH,0," + H:0O 


If one assumes that the HC,H,O,~ and OH~ are brought 
together in exactly equivalent amounts then when 
equilibrium is reached the concentration of HCsH,O,— 
and OH~ will be equal. If the final volume is taken as 
100 ml., and 4 milliequivalents of the KHCsH,O, were 
used and the net reaction goes practically to comple- 
tion, the final concentration of CsH,O,= will be approxi- 
mately 0.04. On this basis the pH at the equivalence 
point may be calculated. 

[H+] X_[CsH.0.7] 

[HCsH,0.7] 


Substituting 0.04 for [CgH,O,-] and 1 X 10-'4/[H*] 
for [HCsH,0,~] one obtains the equation: 


[H+] X 0.04 
1 X 10-" 
({H*] 


= 4x 107 





= 4X 107° 


Rearranging: 


441078 XE Xs 10°" 
0.04 


[H+] = 1X 10-%, pH = 9 


In calculating the pH when one drop short of the 
equivalence point it will be noted that the last drop in- 
troduces a concentration of OH- of 5 X 10-5 M into 
the solution, but it cannot be assumed that practically 
all of this enters into the reaction given since a signifi- 
cant fraction must accumulate in the solution to give a 
final concentration of OH~ of 1 X 10-*. In this case it 
becomes convenient to call the amount of OH~- that 
accumulates‘equal to x and the amount which enters 
into the reaction equal to 5 X 10-5 — x. On this basis, 
when the reaction is one drop short of the equivalence 
point [CsH,O,7} c= 0.04, [HCsH,0,- = |] xX 10°° + 
(5 X 10-5 — x) (amount at the equivalence point plus 
the amount which reacted when the last drop of NaOH 
was added), and [OH-] = 1 X 10-5 — z (the amount 
at the equivalence point minus the amount which ac- 
cumulated as the last drop was added). This permits 
setting up the equations to represent conditions when 
one drop short of the equivalence point 


[H+] X 0.04 
(6 X 10-5 — 2) 


= 1X 10718 





[H+]? = 


= 4 X 10-6 and 

{(H*+] X (1 X 10-5 — z) = 1 X 10% 
From these equations two expressions for H+ may be 
obtained and set equal to each other: 


4X 10-%6 X 10-§ =z) _ 
0.04 


i xX16-% 
(1 X 10-5 «& 2) 





[H*] = 


rearranging: 
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(6 X 10-5 — z)(1 X 10-5 — 2) 


“Completing the square”’: 
12.25 X 10-19 — 7 XK 107 + 2? = 7.25 X 10° 
3.5 X 10-5 — 2 = V7.25 X 10-” = 2.7 x 10-5 
zx = 3.5 X 10-5 — 2.7 X 10-5 = 0.8 X 1075 


From this: 
[OH-] = 1X 10-§' —z =2 X 10-8 
[H+] = 5 X 107%, pH = 8.3 


Thus the last drop of NaOH added changes the pH 
from 8.3 to 9.0 or 0.7 unit. However, since phenol- 
phthalein starts to develop a pink color at a pH of 8.4 
and is a definite light red at a pH of 8.8, it is evident 
that with this indicator the titration may be carried 
out with the desired degree of accuracy. Further, it is 
the only one of the three which would be suitablé for 
this titration. 

Incidentally, it is interesting to calculate how com- 
pletely the last drop of NaOH would enter into reaction 
in this case. If 5 X 10-> — x = the amount of HC,- 
H,O,~ used in reaction by the last drop, and x = 0.8 X 
10-*, this decrease in HCsH,O,~ equals the amount of 
OH~- used up. 4.2 X 10-5 = amount of OH~ reacting 
out of 5 X 10 added. Thus the extent of the reac- 
tion = 4.2/5 or 84 per cent. 

Case III: The Titration of HC.H;0. with NaOH. 
This case is quite similar to the previous one in that a 
moderately weak acid is being titrated by a strong base. 
The net reaction is: 


HC.H;0, + OH~ = C.H;0.~ + HO 


On the basis of the same general assumptions as were 
made in the earlier case, at the equivalence point the 
concentration of C2H;02~ will be 0.04, and the concen- 
trations of HC;H;O, and of OH~ will be equal. 


{(H*+] X [C2H30.-] _ ~ 
[HG,H,0.] = 1.8 X 1075 


Substituting 0.04 for [C2H;0.~—] and 1 X 10-14/[H*] for 
[HC.H;02] the equation becomes: 


[H+] x 0.04 
1X 10-* 
[H*] 





= 1.8 X 407-5 


From this: 
[H+]? = 4.5-x 10718 
[H+] =2.1X10-* pH = 8.67 


For the case of one drop short of the equivalence point, 
it may again be assumed that the last drop of 0.1 NV 
NaOH introduces a concentration of OH of 5 X 10-5, 
that x = the amount of this which accumulates, and 
5 X 10-° — x = the amount that is used in the reac- 
tion. Thus at this point [C2H;0.~] = 0.04. [OH-] = 
(4.7 X 10-* — x), and [HC.H;0.] = 4.7 x 10-* + (5 
X 10- — x) or 5.47 X 10 — x. From the ionization 
constant of HC,H;0O. and from the water constant 








696 


two expressions for the concentration of H+ may be 
obtained and placed equal: 


1.8 X 10-5 (5.47 X 10-5 — z) _ 








1x 10-** 
+] = at 5 
(H*] 0.04 5.47 X 10-5 — 
' rearranging: 
0.04 X 1 X 10714 
—-5 — 8. am = = 
(0.47 X 10 x)(5.47 X 10 2) 1.8 X 10-5 
2.2 X 107" 


This leads to the equation: 
2.5709 X 10-19 — 5.94 XK 10-52 + 2? = 2.2 X 1071! 
This may be changed to: 
(2.97 X 10-5 — x)? = 6.47 XK 10710 
2.97 X 10-5 — x = 2.54 X 1075 
x = 0.43 X 10-5 
From this: 
[OH-] = 4.7 X 10-* — 4.38 K 1076 = 0.4 X 1078 
_ 1X 10-¥ 
aol Dons 0.4 X 107-6 
From these figures it appears that the last drop of 0.1 
N NaOH in reaching the equivalence point in such a 
titration changes the pH from 7.6 to 8.67, or 1.07 units. 
Since phenolphthalein shows a definite pink color at a 
pH of 8.5 it is evident that if the titration is carried out 
with this as the end point the error will be well within 
the limit set. 


So far as the extent to which the last drop of 0.1 N 
OH~ enters into reaction is concerned, this may be 
calculated easily. The value of x is 0.43 X 10- and 
thus the amount of OH~ used up would be 5 X 10> — 
0.43 X 10 or 4.57 XK 10-. 

4.57 X 1075 
5 X 1075 


=25%X10-* pH =7.6 


= 0.914 


Thus 91.4 per cent of the last drop is used in convert- 
ing HC2H;02 to C.H;02 a 

Case IV: The Titration of Nt.CO; with HCl. In this 
case the salt of a weak acid which hydrolyzes to give a 
basic solution is being treated with a strong acid. The 
over-all reaction may be written as follows: 


CO; + 2H+ = H,CO; 


However this reaction takes place in two stages and the 
first one is practically complete when little more than 
half the full amount of HCl has been added so only the 
second reaction is involved when approaching the 
equivalence point. These two reactions are: 


(1) CO;" + H+ = HCO;- 

(2) HCO;- + H+ = HCO; 
For the over-all reaction the equivalent weight of 
NazCO; is half its molecular weight, therefore, if one 
starts with approximately 4 milliequivalents of Naz- 


CO; the concentration of H:CO; at the equivalence 
point (in 100 ml.) will be 0.04 N or 0.02 M. The latter 
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figure is used in calculations involving equilibrium con- 
stants. Since one assumes that exactly equivalent 
amounts of H+ and CO;= are brought together in the 
titration, at the equivalence point any slight incom- 
pleteness of reaction will leave [H+] = [HCO 7]. 
Thus from the ionization constant of H,CO; one may 
calculate the pH at the equivalence point. 

[H+] X [HCO,7] 

[H:COs]} 


But [H+] = [HCO,;~] and [H.CO,] = 0.02. Therefore: 
[H+] = /3 x 10-7 X 0.02 =7.7X10-° pH =411 


To calculate the pH when one drop of 0.1 N HCl 
less than an equivalent amount has been added it may 
be noted that the one drop by itself in 100 ml. would 
increase the concentration of H+ by 5 X 10-°. How- 
ever only a fraction of the H+ accumulates as such, the 
rest entering into the reaction. If x = the actual ac- 
cumulation of H+ from the last drop the concentration 
of H+ when one drop short will be 7.7 X 10> — a, 
and the concentration of HCO;~ at this point will be 
7.7 X 10 + (5 X 10> — z) or 12.1 XK 10> — «. 
Using these values in the ionization constant of HCO;-: 


[H+] X [HCO;] 
[H2COs3] 


= 3X 107’ 








=3X107 = 





(7.7 X 10-5 — x)(12.7 K 10-5 — 2) 
0.02 


97.79 X 10-2 — 20.4 X 10-52 + 2? = 60 X 10-% 
x = 2.06 X 10-5 





On this basis, when one drop short of the equivalence 
point the concentration of Ht would be 7.7 X 10 — 
2.06 X 10- or 5.64 X 10 and the pH = 4.25. From 
these calculations it appears that the last drop of 0.1 N 
HCl would change the pH from 4.25 to 4.11 or only 0.14 
unit. Further, of the last drop added only 2.94/5 or 
59.8 per cent enters into the reaction. 

These figures show that the last drop added in ap- 
proaching the equivalence point produces an unusually 
small change in pH, while the equivalence point itself is 
slightly above the neutral point of the indicator, 
methyl orange (at neutral point pH = 4). If one ac- 
tually titrates to the neutral point with methyl orange 
one will be slightly past the equivalence point. Calcu- 
lations based on the assumption that the concentration 
of H:CO; remains 0.02 show that approximately ‘4/;, 
drop of 0.1 N HCl would be sufficient to reach this neu- 
tral point. However, it is to be noted that at the equiva- 
lence point the solution is highly supersaturated with 
CO, for the pressure of CO: in ordinary air, therefore if 
much swirling is indulged in, combined with slow ti- 
tration, a considerable loss of CO: will occur, so the ac- 
tual concentration of H,CO; at the end of a titration 
may be much lower than 0.02. Under these conditions 
the methyl orange end point may involve an overtitra- 
tion by more nearly 2 drops of the 0.1 N HCl, introduc- 
ing an error approaching two parts per thousand. 

To demonstrate the changes in color of indicators 
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produced by small changes in pH it is convenient to use 
commercially available buffer tablets to make up a se- 
ries of buffered solutions, each of 100 ml. volume in 250- 
ml. Erlenmeyer flasks, to cover the desired range. For 
phenolphthalein this might conveniently include four 
solutions at pH = 8.4, 8.6, 8.8, and 9.0, respectively. 
Using a 1 per cent solution of the indicator in alcohol, 
two drops are added to each of the flasks. At a pH of 
8.4 a faint pink may be seen, the color deepening in each 
successive flask to a bright red at a pH of 9.0. After ob- 
serving this series with just two drops of the indicator, 
it is instructive to add 3-4 drops more to each of the 
flasks and note the increases in depth of color obtained. 
This shows that with a one-color indicator such as 
phenolphthalein the depth of color depends on the 
amount of indicator used and the volume of the solu- 
tion as well as the pH. 

For methyl red plus methylene blue, the indicator 
solution is prepared by using 1.25 g. of the methyl red 
and 0.825 g. of methylene blue, dissolving in alcohol and 
diluting with 90 per cent alcohol to 1 liter. Four buf- 
fered solutions are prepared, of pH 4.6, 4.8, 5.0, and 5.2, 
respectively. To each is added 3 drops of the indicator. 
The solution with pH of 4.6 shows a dilute permanga- 
nate color, the one with pH 5.2 has a definite green color. 
The intermediate solutions show a violet color at pH 
of 4.8 and a faint steel blue at pH of 5.0. 

In the case of methyl] orange, the indicator solution is 
prepared by dissolving 1 g. in 1 liter of water. The buf- 
fered solutions should give pH’s of 3.6, 3.8, 4.0, and 4.2 
(4.4 might also be included). On treating with 2 drops 
of the indicator the solutions show small changes of color 
ranging from an orange (reddish tinge) to a moderate 
yellow. The distinctions between adjacent solutions are 
rather slight, but when solutions are compared having a 
difference of 0.4 pH unit the two colors can be distin- 
guished without difficulty. 






SUMMARY 


(1) It has been calculated that in the titration of 
HCl with 0.1 N NaOH, if the volume at the end point is 
100 ml. the change in pH produced by the last drop of 
reagent is 2.7 units. The extent of neutralization of 
this last drop is 99.8 per cent. 

(2) In the similar titration of 4 milliequivalents of 
potassium acid phthalate the change in pH produced by 
the last drop of 0.1 N NaOH (in a vol. of 100 ml.) is 
0.7 pH unit. In this case the last drop of NaOH would 
be 84 per cent neutralized. 

(3) In the titration of 4 milliequivalents of acetic 
acid the change in pH produced by the last drop of 0.1 
N NaOH in 100 ml. volume is 1.07 pH units. The ex- 
tent of neutralization of this last drop is 91.4 per cent. 

(4) In the titration of 4 milliequivalents of NazCO; 
by 0.1 N HCl the change in pH produced by the last 
drop of 0.1 N HCl in 100 ml. volume of solution is 0.14 
pH unit. The extent of neutralization of the last drop 
of HCl is 59 per cent. 

(5) By noting the colers produced in buffered solu- 
tions by the common indicators it’may be shown that 
the change from violet to green in the case of methyl 
red-methylene blue, or the change from colorless to a 
moderate pink in the case of phenolphthalein may be 
taken as a satisfactory end point in the titration of a 
strong acid with 0.1 N NaOH. The change from color- 
less to a light red in the case of phenolphthalein may be 
taken as a satisfactory end point in the titration of 
either potassium acid phthalate or acetic acid with 0.1 
N NaOH. The change in pH by the last drop of 0.1 NV 
HCl used in the titration of NazCO; is too slight to give 
a satisfactory color change with methyl orange. 
Therefore the direct titration of Nas,CO; with HCl is 
inherently less accurate than the other titrations which 
have been discussed. 
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ERRATA 


Owing to the author’s absence abroad while the article, ‘‘A Modification of the Periodic 
Table,” Vol. 24, No. 12, Dec., 1947, was in press, the following corrections were omitted from the 
proofs. On®p. 588, column 2, the equation should read: 


Zy = Py $y + Ay FY $15 + 1-5(-D)% 


6 


on p. 590, column 2, the equations should read as follows: 
Ty = ‘ely + 7/2 — 1/2(-1)"}?; 


ay = By +) = LEA y + + 2Y +) + t+ VA-DM; 


UF 3 (y 4 22 + Ay +2) + Bf — L/a(-1)"} — 4; 


Zy = 2Uy+4)-8= ut Siy + 4)? + Ay +4) + 2—1/(-1)"} —(8. 


6 


On p. 591, column 2, line 9 should read: to anisotopic groupings, subsidiary tables or medial. 











To the Editor: 

The July editorial indicates the present status of the 
master’s degree in many of our larger universities, but 
does not do justice to the continued high caliber of work 
demanded by many of our smaller institutions and by 
some of the larger ones. This is particularly true in the 
many colleges where the master’s degree is the highest 
degree awarded. Provided, of course, that the staff is 
sufficiently large and diversified and that the laboratory 
is well-equipped, these colleges offer excellent oppor- 
tunities to an important group of students. 

There are many undergraduates who come along 
somewhat slowly but who show definite promise for the 
future. There are others who, at least in more “normal’’ 
times, cannot obtain the financial assistance in the form 
of assistantships and fellowships in the larger institu- 
tions which they need to continue their graduate work 
to the Ph.D. degree. Such men can find places in the 
master’s degree program of our better colleges and 
certainly have profited by the training and experience 
they receive. Many go on to the graduate schools and 
with their additional experience have had little trouble 
in obtaining assistantships and fellowships. Others 
certainly make better employees for industry than they 
would have if they had stopped at the bachelor level, 
and it has been our experience that many industries 
recognize this fact. In addition, as you pointed out in 
the editorial, some may go into secondary school teach- 
ing; there should be more of these. All of these I con- 
sider to be items of “positive significance.”’ 

It is, of course, also obvious that the institutions 
themselves profit by the presence of these men and 
women. To mention but two items, it is possible to 
offer a higher level of laboratory instruction than 
through the use of junior or senior assistants, and the 
offering of graduate level courses and the direction of 
graduate research helps to assure the continued develop- 
ment of the staff members themselves. 

The larger institutions which follow the practice 
mentioned in the editorial should find some other ‘‘con- 
solation prize” for their inevitable mistakes. They are 
doing a disservice to those colleges which believe in the 
master’s degree program in itself. 


M. GILBERT BurRFoRD 


WESLEYAN UNIVERSITY 
MIDDLETOWN, CONNECTICUT 


To the Editor: 


A simple and effective way of demonstrating radio- 
activity is to leave a gas mantle, purchasable for about 
ten cents, in direct contact with & photographic film, 
in total darkness, for about a month. On developing 
the film in the usual manner, a clear image of the mantle 
is obtained. 

This reenactment of Niepce’s discovery in 1867, 
sometimes credited to Becquerel (1896), is doubtless 
known to many of your readers, but perhaps this re- 
lainder is worth having in these days of renewed in- 
terest in radioactivity. 


WiuuraM K. VIERTEL 


New York State AGRICULTURAL 
AND TECHNICAL INSTITUTE 
Canton, New York 


To the Editor: 


Pao-Fang Yi’s mnemonic for the energy order of elec- 
tronic sublevels (THis JouRNAL, 24, 567 (1947)) is far 
less convenient than the accompanying table. The top 
row gives the first eight principal quantum numbers. 
Below each is written s, representing the s sublevels. 
Below each s, except the first and last, is written p. 
Below each p, except the first and last, is written d. 
Below each d, except the first and last, is written f. 
Diagonal lines are drawn from top right toward bottom 
left, as shown by the full lines. The series is now com- 
pleted by joining with nonintersecting lines, shown 
dotted here. The series then reads: 1s, 2s, 2p, 3s, 3p, 
4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p, 8s. 
This is as required by Yeou Ta’s rule (Ann. Phys., 1, 
93-4 (1946)), but is much easier to apply. 

L. M. Simmons, 


Tue Scots CoLLEGE 
Sypney, N.S.W., AusTRALIA 


. a a ae a a ee 


“gged) 
435: — 





ee a ee eee ae ae ee ee LS 











I onz examines the literature of the recent past it 
becomes clear that public consideration of the subject 
we have before us has waned considerably during the 
last eight years. In the period before the war, on the 
other hand, we find many spirited discussions and 
pronouncements of what should constitute a high- 
school and a college course in chemistry. One finds 
reports and syllabuses from the National Committee on 
Science Teaching (/), the Division of Chemical Educa- 
tion of the American Chemical Society (2), the College 
Entrance Examination Board (3), the Regents of the 
University of the State of New York (4), the Chemistry 
Teachers’ Club of New York (6), and the New England 
Association of Chemistry Teachers (6). In most of 
these the main objective was not the correlation or 
integration of high-school and college teaching, but 
this subject was necessarily in the background and was 
presumably carefully considered even though not al- 
ways referred to directly. In view of the lapse in our 
discussions it seems appropriate to bring up the subject 
once again in good old town-meeting style, and the 
chairmen of our summer conference are to be con- 
gratulated upon having listed it as a symposium so that 
many minds can help bring the problem a little nearer 
to solution. 

You will notice that it has been suggested that the 
college instructors speak on the subject ““What I wish I 
Could Count On,” the implication being that we are to 
concern ourselves with freshmen who are about to study 
chemistry in college and who have completed at least 
one year of chemistry in high school. Two situations 
immediately present themselves according as the 
freshman will use chemistry in some direct way in the 
future—let us say he is a preprofessional student and 
will some day be an engineer, a physicist, a chemist, a 
physician, a biologist, or a geologist—or simply wishes 
to acquire an understanding of chemistry and the 





1 Part of a symposium on this subject presented at the Tenth 
Summer Conference of the New England Association of Chemistry 
Teachers, University of Maine, August 26, 1948. 
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WILLIAM F. EHRET 
New York University 


scientific method, in which case we might refer to him 
as a student of the humanities. My own experience has 
been mainly with students of the first type and I there- 
fore prefer to confine myself almost entirely to that 
aspect of the subject, namely, ““What I Wish I Could 
Count On in the Entering Freshmen Who Are Pre- 
professional.” This group of students is the largest 
group taking college chemistry. It is interesting to note 
in passing that in the average high school it is the other 
way around, only a small fraction of those who study 
chemistry there will ultimately become professionals. 

Before concentrating on the preprofessional group 
who have studied high-school chemistry I should like 
to offer suggestions in regard to two minority groups. 
First, those who wish to be professionals but have not 
studied chemistry in high school. It would seem that 
their place is in the regular college chemistry course 
with other preprofessional students, or, if the numbers 
warrant, in a separate course receiving more instruction 
than the regular one. Then there is a second group, 
those who have studied high-school chemistry and wish 
to continue with it for cultural reasons in college. They 
are interested primarily in the humanities. Most suited 
to their needs would be a pandemic course in science 
such as was advocated recently by French (7) and by 
Conant (8). 

Returning then to our largest group, the prepro- 
fessionals who have taken high-school chemistry and 
wish to continue with it in college, I would say that the 
essentials upon which I should like to count when they 
enter are:? 


(1) That the student have an appreciation of the 
service of chemistry to the country. 

(2) That he have a sound knowledge of a minimum 
number of fundamental topics and principles in chem- 
istry so that these may be used as a foundation in 
college. 





2 The first five ‘essentials’ are culled largely from a list of 
ten given in reference (2). 
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(3) That he have some training in the making of 
controlled observations and in valid reasoning; in 
other words, that he have some knowledge of the 
scientific method. 

(4) That the student be able to express the results 
of his observations and his reasoning in concise, clear 
English. 

(5) That he will have been helped by his study of 
high-school chemistry to discover whether he has an 
aptitude for further study of the subject. His high- 
school course should have helped him to “find him- 
self.”’ 

(6) That his handwriting be easily read. 

(7) That the student have command of simple 
arithmetic and elementary algebra (9). The best way 
to assure this is to give a refresher course in the last 
year in high school to those who need it. 

(8) That the student have acquired some skill in 
the handling of apparatus and materials. 

(9) That he understand that dishonesty and science 
do not go together. 

These nine fundamental requirements, it seems to me, 
need little elaboration to a group of teachers of chem- 
istry. Only the second may need some explanation 
because it mentions a “minimum number of funda- 
mental topics and principles in chemistry’’ which the 
student should know. As to what these are, I refer 
those of you who are secondary school teachers to any 
one of the syllabuses mentioned earlier (2-5). There 
you will find what appears, on paper at least, to be a 
man-sized course in chemistry, covering all the funda- 
mentals a college teacher could wish for. 

It would appear now as if my task were finished, 
having stated what one college teacher would like to 
count on finding in entering freshmen. Yet you will 
notice that the next item on the program is a question 
which is aimed directly at the college teachers, “Why 
Do You Repeat So Much?,” and it is apparently 
hoped that an answer will be forthcoming. It seems 
as if the college teacher stands in need of censure for 
repeating much that has already been covered in the 
high school. Whether this is so or not depends upon 
circumstances. I fully agree that repetition can be 
deadening, stultifying, and demoralizing to the college 
chemistry student who has had an excellent pre- 
liminary training in high school or elsewhere; in fact, 
in order to liberate him from boredom and inefficient 
use of his time, I advocate, as I shall make plain later, 
excusing him from part or all of the freshman course in 
chemistry. On the other hand, for students who, al- 
though they sat through high-school chemistry, have 
not retained a sufficient knowledge of it, there is every 
reason for repetition. They should be required to take 
the regular first-year college chemistry course. This is 
exactly what is done in all other course sequences within 
the high schools and colleges. Proficiency there 


governs promotion. When viewed in this light it would 
seem that high-school teachers should be pleased to 
hear that much of what they taught their students was 
afterwards repeated in the college course. It serves as 
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an index of the extent to which they have fulfilled their 
aim of touching upon the fundamentals. Surely no 
course in elementary chemistry could be given without 
them. The situation is quite analogous to our own 
efforts as we learned to move from place to place. As 
very young children we crept, an action that required 
the use of our legs. Later we learned how to get along 
more rapidly, and in a rather different manner, but we 
still used our legs! So it is with the names, elementary 
facts, and laws learned in high-school chemistry. They 
need to be used throughout the college course as well 
in order that a more comprehensive structure may be 
built upon them. 

All of this brings me to the ‘‘free-for-all” question on 
the program of this symposium, “How Can We Get 
Together?” One obvious way to integrate the work of 
the high schools and colleges is to have rigid syllabi and 
curricula, universally adhered to throughout the land. 
Corresponding to these there would be a fixed starting 
point for college chemistry, following, not repeating, 
the high-school course. There would appear to be no 
greater difficulty in “getting the two together” than in 
coupling two Pullman cars, and, as in the train, the 
student would find a smooth passage from one to the 
other. Yet anyone who is familiar with the diversity 
of the present high-school course offerings knows that 
nothing short of a continental dictatorship could bring 
this about. Moreover, the mere passage of a student 
through such prescribed high-school courses, perhaps 
several years before entering college, would give little 
indication of the extent of retention of the subject 
matter. Placement examinations thus emerge as the 
only solution to the problem of “getting together.” 

In a few colleges and universities, entrance examina- 
tions in chemistry, sometimes combined with arith- 
metic and intelligence tests, are used to determine 
whether a student who has had a course in high school 
shall be placed in one college chemistry group or an- 
other. In many instances even this formality is dis- 
pensed with, and those who have had preparatory 
chemistry are thrown into one section while those with- 
out go into another. These plans of segregation have 
one important pedagogic advantage, they put those 
with like educational backgrounds together, and they 
are probably worth retaining wherever the number of 
students warrants them. The schemes have a number 
of disadvantages, however. First, the latter plan can- 
not possibly turn out two groups of students equally 
skilled in chemistry unless those who have had high- 
school courses are purposely retarded or given fewer 
hours of instruction. I base this conclusion on the 
many reports in the literature (10, 11, 12) to the effect 
that high-school chemistry has a definite “carry-over” 
into college chemistry. Secondly, they do not spare 
the superior student from the ennui that tags him 
throughout his freshman course. And lastly, and this 
is significant from the viewpoint of getting the high 
school and the college together, there is no academic 
reward for the efforts of the high-school teacher nor for 
the accomplishments of his excellent students. 
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And it seems to me another desirable use can be 
made of proficiency examinations given upon entrance 
to college. The tests can be used to determine which 
entering freshmen are sufficiently prepared to advance 
to a second-semester course or to skip first-year college 
chemistry altogether. As most of you know, such a 
proposal is not new. If we go back in the literature 
some twelve years we find Anibal and Leighton (13), 
at Stanford University, advocating that students who 
have taken second-level courses in high school be ex- 
cused from the first-year course in college. In my own 
institution we are often confronted with students of 
this type due to the fact that we are located rather 
close to the Bronx High School of Science and the 
Brooklyn Technical High School. No doubt similar, 
well-prepared high-school students can be found in many 
parts of the country. Garrett (74) has described a plan 
in effect at Ohio State University, under which all 
students who have had high-school chemistry are given 
an opportunity to show by test whether they deserve 
to be granted advanced standing in college chemistry. 
About 10 per cent qualify and start immediately with 
the second quarter’s work; a few are even permitted to 
begin with the third quarter’s work. Garrett states 
that credit by examination is given in a number of 
other colleges and universities, among which he cites, 
the universities of Buffalo, California, and Illinois, 
Syracuse University, Mills College, Antioch College 
and Muskingum College. Another interesting observa- 
tion which he makes is that most of those who qualify 
for advanced standing become the best students in the 
university. 

Many variations of this procedure for allowing course 
credit to students with excellent preparation are pos- 
sible. Flexibility exists at both ends, in the nature of 
the placement examination and in the extent to which 
advanced credit is given. The present author has pro- 
posed the following variation as a practical one. Stu- 
dents entering college with A grades in their high-school 
chemistry are permitted to take one of the American 
Chemical Society’s General College Chemistry tests 
(15). If their scores are at least as high as the average 
obtained by regular students after one year of the 
college course, they are permitted to advance directly 
into qualitative analysis or organic and are given course 
credit for general inorganic chemistry. This plan of 
granting a full year’s credit meets with the approval of 
the chairman of the Committee on Professional Train- 
ing of the American Chemical Society, and thus it may 
be expected that it will not interfere with the accredited 
standing of a college or university. I am glad to say 
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that the aforementioned scheme, perhaps with minor 
modifications, will be put into operation at New York 
University during the coming year. 

In summary, then, may I state that there seems to 
be only one scheme in vogue which actually integrates, 
or “gets together,” the high-school and first-year 


college chemistry teaching programs. It is the one 
which grants credit by examination and gives advanced 
standing to those who are deserving of it. Its advan- 
tages are several: 

(1) It increases the efficiency of high-school teach- 
ing, for both students and teachers realize that their 
work will not be discounted when the student gets to 
college. 

(2) It increases the efficiency of college teaching in 
that it removes from the beginning classes those who 
would find them tedious and it projects these students 
into advanced work, thus permitting them to take a 
larger number of higher-level courses before receiving 
the bachelor’s degree. 

(3) It does not reduce the flexibility of high-school 
teaching. It will, for instance, not interfere with the 
trend that one reads about which is said to be in 
the direction of making the high-school course more 
about chemistry and its relation to living than it has 
been in the past. Such steps will be taken with the 
full knowledge that the course will not prepare many 
students who will achieve advanced standing by exami- 
nation when they enter college. 

It is my opinion that the “credit by examination” 
plan warrants extension far beyond the limited number 
of institutions that now employ it. 
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ERRATUM 


In the review of ‘Plastics Dictionary,” which appeared in our July issue, the Pitman Pub- 


lishing Corporation should have been listed as the publishers. 











€ WHAT’S THE MATTER WITH EDUCATION AT 
THE COLLEGE LEVEL?’ 


Tue original title of my address was: ‘‘What’s the 
Matter with College Teaching?” On further considera- 
tion of the subject, it seemed desirable to broaden the 
title to include the college educational process generally. 
Actually, there is little fault to be found with college 
teaching or with the college teacher. The defects in 
the teaching process, for which the teacher is commonly 
held responsible, are almost invariably due to circum- 
stances and conditions beyond his control. The 
teacher does not select his students, nor does he deter- 
mine their number. There is little that he can do about 
the inadequacy of facilities, such as lecture rooms, 
classrooms, and laboratories, and there is little that he 
can do about the number of classroom and laboratory 
periods. Finally, the teacher often has little to say 
about the subjects that he shall teach or the manner 
in which he shall teach them. The teacher is bound by 
a curriculum which has been set up by men who know 
little or nothing about the subject that the teacher has 
to present to his students. Furthermore, he has little 
control over the student’s preparation, particularly in 
allied fields. : 
Under the present day so-called ‘‘Liberal Arts” cur- 
riculum, the entering student spends his first two years 
in getting a superficial knowledge of a great number of 
unrelated subjects, while failing to get a sound training 
in any subject. This makes it well nigh impossible for 





1 Abstract of address delivered at the Tenth Summer Con- 
ference of the New England Association of Chemistry Teachers, 
August 23, 1948. 


CHARLES A. KRAUS 
Brown University, Providence, Rhode Island 


the teacher to adequately present his subject in the last 
two years of college. This is particularly the case in the 
sciences. 

Education is the process of conditioning the mind as 
an effective tool for thought. An educated man is one 
who thinks independently and logically on the basis of 
knowledge that he has analyzed critically. The process 
of education depends upon the individual student 
himself. The process requires much and never-ending 
work on the part of the student and it cannot end with 
college if the student is to remain educated. 

College can assist in the student’s educational process 
indirectly. It can, of course, supply libraries, labora- 
tories, and the like, but, in the main, the chief contri- 
butions of the college to the student’s education are: 
first, to discover the direction along which the student’s 
innate talents lie; and second, to provide the student 
adequately with the tools wherewith to develop these 
talents to the fullest extent. In these respects, our 
colleges today are doing a lamentably poor job. 

What the colleges need to do is to approach the prob- 
lem of education from a more realistic point of view. 
They should realize that their function is to discover 
and develop talent, whatever the field in which talent 
may lie. College should afford the student encourage- 
ment and inspiration rather than dull the student’s 
enthusiasm with the mere accumulation of knowledge. 
And, above all, college should lead the student to take 
pride in intellectual achievement and to find satisfac- 
tion in intellectual activity. 


Keceut- Gooke 


@ THE WATER-SOLUBLE GUMS 


C. L. Mantell, Consulting Chemical Engineer. Reinhold Pub- 
lishing Corp., New York, 1947. v + 279 pp. 48 figs. 25 
tables. 16 X 23.5cm. $6. 


Tuts book is a useful compilation of much scattered informa- 
tion on the so-called water soluble gums. ' Perhaps the best ex- 
planation of its purpose is given on page 2. 

“In contrast to the ordered information on the protein ma- 
terials, coordination of the scattered knowledge, often of con- 
tradictory nature, on the gums is definitely needed. This volume 
attempts the task of such integration in a field where the trader, 
merchant, and artisan for centuries have been ahead of the 
chemist, the botanist, or the engineer. Scientific integration may 
remove some of the confusion and mystery and-render the work- 
ings of the ‘practical’ operator more understandable and sus- 
ceptible of progress.” 


Hundreds of local trade names have found their way into com- 
merce, many of which apply to the same or very similar gums. 
Since these substances have much more interest to industry in a 
great variety of scattered applications than to science, there may 
never be a well-accepted systematic classification. 

Although gelatin and other animal products have frequently 
been classed among the water soluble gums, for the purpose of this 
book, fifteen out of the sixteen chapters are devoted to the gums 
of plant origin. Many of these are complex mixtures of com- 
pounds of rather closely related type, and all of them rely for 
their water solubility upon hydroxyl groups and to some extent 
upon carboxyl radicals. From what is presented in this book on 
the chemistry of gums, it would be judged that they have all been 
produced within the plants as modified carbohydrates. Cellu- 
lose, hemicelluloses and sugars, sometimes esterified, or fre- 
quently carboxylated, comprise the entire list. 

Interesting and probably useful information is given on the 
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botanical origins and methods of collection of the gums. There 
are four chapters devoted to technical applications, one chapter 
to specifications, identifications and testing and the final chapter 
to native designations of the gums. The addition of a botanical 
index to the customary author and subject index makes the work 
more useful. 


8.8. KISTLER 
Norton Company 
WorcEsTER, MASSACHUSETTS 


8 CHEMISTRY IN THE SERVICE OF MAN 


Alexander Findlay, Emeritus-Professor of Chemistry, University 
of Aberdeen. Seventh edition. Longman’s, Green and Company, 
London, 1947. xx +390pp. 29figs. 12 X 28.5cm. $3.50. 


This book, originally developed from the Thompson Lectures 
before the United Free Church College, Aberdeen (1915), has 
been brought up to date by including chapters on radioactivity, 
vitamins, hormones and organic synthetics. 

The book would make interesting reading for anyone who 
wished to see how far chemistry and chemical engineering had 
progressed in recent years. But I am afraid that the going would 
be rough for someone who has not taken a college, or at least a 
high-school course in chemistry, since the book is written in the 
language of a college textbook, rather than in a more popular 
vein. The illustrations, such as the electrolysis of water or paper 
making, to name only two, are, in my opinion, poorly chosen. 


SAUL B. ARENSON 
Ho.tuywoop, CALIFORNIA 


2) THE AMERICAN COLLEGE DICTIONARY 


Clarence L. Barnhart, Editor. Harper & Brothers, New York, 
1948. xi+ 1432 pp. 17.5 X 25.5cm. $5; with thumb index 
$6. e 


A MODERN dictionary with the emphasis on current usage. 
Since the staff of compilers includes a number of very well-known 
figures in the chemical world it is not surprising to find such recent 
terms listed as: neutrino, mesotron, fissionable material, strep- 
tomycin. 


& CHEMICAL ENGINEERING ECONOMICS 


Chaplin Tyler, Development Department, E. I. du Pont de 
Nemours & Co., and Lecturer in Chemical Engineering, University 
of Delaware. McGraw-Hill Book Co., Inc., 1948. Third Edition. 
ix ++ 32l pp. 20tables. 83 figs. 16 X 23.5 cm. 


Tuis is the third edition of a well-known text in the Chemical 
Engineering Series. Previous editions were published in 1938 
and 1926. It comes nearer to being a new book than a new edi- 
tion, since there has been added the work of fourteen contribu- 
tors. Except for a few minor exceptions the text has been com- 
pletely rewritten, so much so that in some instances the second 
edition may be found useful for a supplementary treatment. 
This newest edition further advances the objective of the book to 
bring greater emphasis to bear on the economic aspects of chemi- 
cal engineering, and to thus bring about a better balance with 
the technical considerations in a study program. 

The following remarks are characteristic of the changes made 
in the entire book. The chapter, ‘Process Equipment Costs,’ 
presents data for cost estimation which have appeared in the re- 
cent literature and brings this information up to date. A section 
includes suggestions for putting cost information on a consistent 
basis. ‘Market Research” bas been expanded to give a detailed 
treatment of this subject and includes an excellent section on 
references and sources of information. ‘Heat and Power’ gives 
a good, practical survey of energy considerations pertinent to the 


-industxial plant. 
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New chapters include the headings ‘‘Operative Investment,” 
“Marketing,” and ‘Management.’ Also new is the chapter on 
the ‘‘Economic Balance” which provides a general mathematical 
treatment and gives a number of illustrative examples. 

This new edition provides a very practical approach to many 
subjects with which the chemical engineer must deal but which do 
not always receive emphasis in the technical educational pro- 
gram. Its usefulness should extend well beyond that as a text for 
classroom instructional purposes. 


MELBOURNE L. JACKSON 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


9 AN INTRODUCTION TO ORGANIC CHEMISTRY 


Ira D. Garard, Professor of Chemistry, New Jersey College for 
Women, Rutgers University. Third edition. John Wiley & Sons, 
Inc., New York City, 1948. xi+396pp. I6figs. 15 K 23cm. 
$3.50. 


Turis book is planned for the one-semester course in organic 
chemistry offered to students of home economics, agriculture, 
biology, pharmacy, predentistry, etc. It contains an outline of 
essentials of organic chemistry and also laboratory experiments. 
Saturated hydrocarbons are discussed first, followed by alcohols, 
ethers, unsaturated hydrocarbons, and other aliphatic types, 
including fats, carbohydrates, and nitrogen compounds. Aro- 
matic hydrocarbons and their derivatives are then treated briefly. 
There is also a chapter on heterocyclic compounds and one on 
dyes. A greater amount of material is given on fats, carbo-- 
hydrates, amino acids and proteins than in most brief texts. 

The subject matter is presented with clarity, and is, for the 
most part, well chosen and up to date. The questions at the 
end of each chapter are excellent as teaching aids. There are 
also bibliographies of books and articles suitable for student 
reading. The proper use of these should stimulate the student’s 
imagination and help to counteract the dullness of the textbook 
style,-in which ‘lists of preparations and properties are given sys- 
tematically to assist student retention. 

There is a difference of opinion as to what to include in a brief 
course. This reviewer deplores the scarcity of electronic con- 
cepts. Even for a short survey it would seem wise to show the 
electron structure of a double bond, and of such compounds as 
amine salts. Also it seems inadvisable to omit entirely a few of 
the more useful Grignard syntheses. There is no material on the 
newer alkyl sulfate or sulfonate detergents, which are of consider- 
able interest to this group of students. 

The text contains very few typographical errors. Certain 
other minor errors are the following: Butyl rubber (p. 87) is 
made from isobutylene and small amounts of a diolefine, but not 
styrene. In the table of octane ratings (p. 84) 2,2,3-trimethy]l 
pentane should be listed as an octane, not a heptane, and 2,2,4- 
trimethyl ‘‘butane” should read 2,2,44trimethyl pentane. The 
compound HOSO.CI (p. 299) is usually called chlorosulfonic, not 
chlorosulfuric acid. The use of “hydroquinol” (p. 278) as a 
name for p-CsH,(OH)2seems confusing. Malachite green (p. 326) 
“lacks a CH;NH—group” on the para, not the ortho position, in 
comparison to methy! violet. 

There are thirty-two laboratory experiments, of which three are 
introductory to techniques, such as distillation, fourteen are 
definite preparations, and the rest are tests showing properties. 
Certain variations on standard procedures are the preparation of 
methane from chloroform with a copper-zinc couple in methanol, 
and the synthesis of oxalic acid from ethylene glycol. Included 
are a few tests on fats, carbohydrates, and urea. An experi- 
ment which should be of special interest to the home economics 
group is the preparation of the dye chrysoidine from diazotized 
aniline and m-phenylene diamine, and the use of the dye both 
with and without mordants. 


ELIZABETH DYER 


UNIVERSITY OF DELAWARE 
NEWARK, DELAWARE 
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e LITERATURE SEARCH ON THE SOLVENT 
EXTRACTION OF OLEAGINOUS MATERIALS 


B. H. Weil, Chief, Technical Information Service, Marjorie 
Bolen, Research Assistant, and Nathan Sugarman, Research 
Assistant Professor, State Engineering Experiment Station, Georgia 
School of Technology, Atlanta. Special Report No. 26. Edwards 
Brothers, Inc., Ann Arbor, Michigan, 1948. viii + 185 pp. 
14.5 X 22.5cm. $4. Lithoprinted. 


As INDICATED by its title, this book is a bibliography concerned 
primarily with the solvent extraction of oilseeds. Although 
special emphasis has been placed on references to peanut oil 
extraction and by-products, available material on other oilseeds 
such as soybeans has also been included. The authors began 
with the 1907 volume of Chemical Abstracts and continued through 
the abstract section of the October, 1947, issue of The Journal of 
the American Oil Chemists’ Society (Oil and Soap). 

There are 502 abstracts arranged in the alphabetical order of 
the authors’ surnames. The remainder of the book contains 202 
foreign patents and 147 U. S. patents, most of which are de- 
scribed. At the back is a subject index twenty pages in length 
and a list of circulars, bulletins, reprints, and special reports avail- 
able through the director of the Georgia State Engineering Ex- 
periment Station. 


ALICE HALLIDAY 
PITTSBURGH, PENNSYLVANIA 


* CHEMISTRY OF THE CARBOHYDRATES 


William Ward Pigman, The Institute of Paper Chemistry, 
Appleton, Wisconsin, and Rudolph Maxmilian Goepp, Jr., 
The Atlas Powder Co., Wilmington, Delaware. Academic Press, 
Inc., 1948. vii + 748 pp. 68 tables. 35 figs. 15 K 23 cm. 
$10.80. 


Tus book supplies a long-existing need; it is a thorough and 
scholarly treatise on the chemistry of the carbohydrates as known 
at the present time. The researches of the past twenty years on 
the structures and syntheses of sugars and their derivatives, and 
on anomeric forms of carbohydrates, have disclosed the full con- 
figurational formulas of so many of these substances that it has 
become possible to write this book in the form that follows the 
pattern of theoretical organic chemistry handbooks. In conse- 
quence the treatise will be welcomed by research workers, teachers 
and students who desire to familiarize themselves with the car- 
bohydrate branch of organic chemistry. Dr. Pigman began the 
writing eight years ago and during its progress he obtained the 
aid and suggestions of many specialists. Dr. Goepp joined him 
in the authorship in 1943 and made valuable contributions up to 
the time of his tragic and untimely death in 1946. 

The titles of the fifteen chapters are: (I) Introduction; (II) 
Structure and Stereochemistry of the Monosaccharides; (III) 
Occurrence, Properties, Synthesis and Analysis of the Monosac- 
charides; (IV) Esters; (V) Glycosides, Full Acetals and Thio- 
acetals; (VI) The Polyols; (VII) Acids and Oxidation Products 
of Carbohydrates; (VIII) Ethers, Anhydrides and Unsaturated 
Derivatives; (IX) Nitrogenous Derivatives; (X) Oligosac- 
charides; (XI) Naturally Occurring Glycosides and Glycosi- 
dases; (XII) Classification and Determination of Structure of the 
Polysaccharides; (XIII) Cellulose; (XIV) The Starches and 
Starch Substances; (XV) Polyuronides,- Hemicelluloses, Plant 
Gums, Microbial Polysaccharides and Related Substances. 

An author index and an eighty-page subject index have been 
prepared with special care. The nearly three thousand footnote 
references to the original literature are invaluable. It can be 
expected that the book will have a wide and salutary influence on 
the apprecidtion of carbohydrate chemistry by the whole pro- 
fession. It will probably be welcomed most by biochemists be- 


cause they have lacked in the past so readable and thorough a 
presentation of carbohydrate chemistry. Teachers of courses in 
advanced organic chemistry can now have a comprehensive text- 
book for a graduate course in carbohydrate chemistry. The 
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Pigman-Goepp treatise has proved so valuable to the reviewer 
that he keeps one copy of it at the laboratory and another copy at 
home. 


Cc. 8. HUDSON 
NATIONAL INSTITUTE OF HEALTH 
BETHESDA, MARYLAND 


co CHEMISTRY IN NURSING 


Raymond E. Neal, Associate Professor of Chemistry, Simmons 
College, Boston. McGraw-Hill Book Co., New York, 1948. 
xiv + 564 pp. 27 figs. 13 tables. 15 X 23cm. $4. 


Tuts text is designed primarily for use in schools of nursing 
having a sixteen-week course of both lecture and laboratory 
work. However, the author suggests that certain chapters may 
be omitted if necessary. Approximately sixty per cent of the 
material is inorganic and general while the remainder is devoted 
to organic chemistry. There is no section dealing entirely with 
physiological chemistry. This material is introduced at appro- 
priate places in the text. For example, the appearance of glucose 
in the urine is discussed under the reducing action of carbo- 
hydrates instead of the metabolism of these substances in the 
body. In addition to the usual apparatus and chemical lists, the 
author has included for each section a short outline, appropriate 
visual material and a brief but adequate description of class- 
room demonstrations. 

The subject matter is similar to that usually covered in such 
texts, but the treatment is one adapted to the more mature 
student. For example, the author uses the Brénsted definition of 
an acid, etc. Many excellent examples of practical value in 
nursing are included at frequent intervals. The section on 
organic chemistry seems to be particularly rich in this regard. 

The style of the book is clear and direct. The author fre- 
quently makes an informal comment on the value of a topic 
which should be very helpful in orienting the student. The text 
is practically free from typographical errors which often confuse a 
beginning student. On the whole, it seems to be a very satisfac- 
tory consideration of the material in chemistry necessary for the 
student nurse, particularly for those who may be said to be of 
college caliber. 


HELEN I. MINER 


Wayne UNIVERSITY 
Detroit, MICHIGAN 


® AN INTRODUCTION TO COLOR 


Ralph M. Evans, Color Control Department Head, Eastman 
Kodak Company, Rochester, New York. John Wiley & Sons, Inc., 
New York, 1948. x + 340 pp. 283 figs. 15 color plates. 
19 x 25cm. $6. 


THERE are 21 chapters whose titles are, respectively: Color 
and Light, The Physical Nature of Light, Light Sources, Illumina- 
tion, Colored Objects, The Physics of Everday Color, Color Vision, 
The Visual Variables of Color, Perception and Illusion, Bright- 
ness Perception, Color Perception, The Measurement of Color, 
The Specification of Color, Color Differences and Color Names, 
Mixtures of Colored Lights, Effects of Illuminants, Transparent 
Colorant Mixtures, Paints and Pigments, Color in Photography, 
Color in Art, Design and Abstraction. At the end is a general 
bibliography and an index. 

It is the aim of the author to present the fundamentals of the 
subject of color from three fields of approach: physics, physi- 
ology, and psychology. He assumes only high-school mathema- 
tics and the most elementary principles of physics. The book is 
directed toward a wide range of readers, from those in the physical 
sciences to the abstract artist. Its type and illustrations are 
excellent. 


| ALICE HALLIDAY 
PirtsBURGH, PENNSYLVANIA ° 
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VOLUME 25, 1948 


The annual index for Volume 22 of the JourNAL oF CHEMICAL EpucaTION is divided into two parts— 
an Author Index and a Subject Index, each alphabetically arranged. Letters (Ar), (B), and (C) have been 
used after the various items to designate, respectively: article, book review, and correspondence. The 
sections Out of the Editor’s Basket and What’s Been Going On are not indexed as to subject material, but 
contributors to these sections have been listed separately at the end of the Author Index. 


ABBOTT, CYRIL E. Demonstration of 
oxidation-reduction systems (Ar) 

Apams, Exuiorr Q.—See Forsytue, 
Wir E. 

Auperty, Ropert A. An introduction to 
electrophoresis: Part I: methods and 
calculations (Ar) 

An introduction to electrophoresis: Part 
II: analysis and t nagg B= 

ALFREY, TURNER, echanical be- 
havior of high am ers: Vol. VI (B). 

Atyea, Husert N emonstration tech- 
niques (Ar) 

Amron, Irvine, aND Karou J. Myse xs. 
Simplified correction of qualitative 

ysis unknowns (Ar) 

Anastassorr, EMANUEL (C) 

Anscuu?z, RicHarp—See von 
VicToR. 

Arant, J. B. Process instrumentation in 
chemical engineering curriculum (Ar).. 

ARENSON, 8. B. (C) 

ASHFORD, T.A. The testing | program of the 
Division of Ch of the 
American Chemical Sediete (Ar) 

Avupzriets, L. F., anv O. F. Hitt. Recent 

* developments in the chemistry of phos- 
phorus (Ar) 


RIcHTER, 





BACHELDER, MYRTLEC. A diagnos- 
tic test on the mastery of chemical cal- 
culations (Ar) 

. K. Miscellaneous experiments 


Baswenn, M. J. Porcelain enamel: 
og ag = d application (Ar) 

Baar, Joun C ARL F, HEUMANN, 
AND EpwIN 4" y eh The use of 
punched card techniques in the coding 
of inorganic compounds (Ar 

Baizer, Manuet M. Undergraduate labo- 
ratory course in aromatic chemistry 
based on sequence syntheses (Ar) 

Bane. Ross A. New cryophorus forms 


Bauowte ERNEST. 
biochemistry ( 

BARNHART, CLARENCE L., Editor. 
American college dictionary (B) 

BELL, Modern practical chemistry 


Bennett, H., Editor-in-chief. The chemi- 
cal formulary. Volume VIII (B) 
Bercem, Oar. pe ona y analysis 

for premedical students eo 
BERGMANN, Ernst Davip. Isomerism and 
isomerization of organic compounds 


BerkeBiLeE, J. M. Testing for carbon 
monoxide (Ar) 

BERKEBILE, J. M., aNnp ArtHuR H. Frigs. 
Preparation of ANTU (a-naphthyl- 
thiourea) from naphthalene (Ar) 

Berue, Elementary nuclear theory: 
a short course in selected topics (B).. 

BigzLow, Luctus A., WARREN C. Vos- 
BURGH, AND JoHuN H. Sartor. Duke 
University (Chemical education in 
American institutions.) (Ar) 

Buatt, A.tsertT Harotp—See Conant, 
James BRYANT. 

Boas, Water. An introduction to the 
physics of metals and alloys (B) 

BoLen, Marsor1E—See WEIL, 

Bonner, Wiuu1am A. Visual demonstra- 
tions of efficiency in the washing of pre- 
cipitates (Ar) 

Brenner, F.C. A — crystal model con- 
struction set (Ar) 

—_. Ray Q. 


M.—See CRANDALL, 
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AUTHOR INDEX 


Browne, C. A. Dr. Ernst Cohen as his- 
torian of chemistry (Ar) 

Buckxuies, Ropert E., anp STANLEY 
Wawzonexk. Small scale synthesis of 
2,4-dichlorophenoxyacetic acid (Ar)... 

Butt, H. S.—See a+ 

BurcHARD, JOHN. 


Burrorp, M. GiLBert (C). 
BurcHarpt, ALDEN M. 
lurgy (Ar) 
Burk, R. E., anp OLIver Grummitt, Edi- 
tors. Frontiersin chemistry. Volume 
Chemical architecture (B) 


CAESAR, A. D.—See Rivisz, CHarRLEs W. 
CALINGAERT, GEORGE. uantitative an- 
alysis for prospective industrial chem- 
ists (Ar) 
Cauuis, Cayton F, The structure of the 
heavy metal cvanides (Ar 
CaMPBELL, J. A. Rates . senetion (Ar).. 
Structural chemistry 
Structural pera: o§ pews! OE (Ar) 
Cameenes Top W.—See Stonsr, HosmMER 


Carr, Emma Perry. Mount Holyoke 
College (Chemical education in Ameri- 
can institutions.) (Ar) 

CaRROLL, BENJAMIN, AND ALEXANDER 
LeurMan. The electron configuration 
fi the ground state of the elements 


CassaRETT0, F, P.—See Evans, Warp V. 

CHANDLEE, G. C. Pennsylvania State 
College (Chemical education in Ameri- 
can institutions.) 

CHao, TinG-PinG, AND JeEN-Tst YANG. 
Rarer elements in qualitative analysis. 
I: tungsten (Ar) 

—Ssin-Cu1a CHEN. Rarer elements 

ualitative analysis. II: uranium 


CueEn, Sutn-Cu1a—See Cuao, Tina-Pina. 

CurpPINGeR, Donatp R. Manual of quan- 
titative analysis (B) 

Correr, Tom. Matching the _ science- 
trained worker with his job (Ar 

Corrin, C. Experiments simulating 
fret and second order gas reactions 

r 


James Bryant, AND ALBERT 
Harotp Buart. The chemistry of 
a compounds. Third ition 


(B) 

Conquest, n the oan of 
your job as a chemist (Ar) 

ConsiIDINE, Dovetas M. 

va (B) 

Corz, ArtHur C. Massachusetts Insti- 
tute of Technology (Chemical educa- 
tion in American institutions.) (Ar).. 

Cornoe, Jacos. nore experiments 
in general chemistry (B 

CorTELYOU, ETHALINE. Technical ee 
2% career for Bachelors of Ch 


Industrial 





Corwin, James F. 

Cousins, K. C.—See Stork, 

CRANDALL, Georce S., aNp Berry M. 
Brown. An information service using 
7 hand and machine sorted cards 


Cranston, J. A. A rational approach to 
chemical principles 

Crocker, WILLIAM. Growth of plants— 
twenty years’ research at Boyce 
Thompson Institute (B) 


DALLAVALLE, J. M. Micromeritics— 
the technology of fine particles. Sec- 
ond edition (B) 

DavuaHerty, THomas H. Sequestration, 
dispersion, and_ dilatancy—lecture 
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—See Jones, WiuiraM S. 
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demonstrations (Ar) 

Davipson, ArTHUR W. modern ap- 
proach to the teaching of electrochemis- 
try (Ar) 

Davis, Tenney L., Editor. Chymia, an- 
nual studies in the history of chemis- 
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The use and abuse of reprints (Ar) 

Dean, RoBERT Modern colloids: 
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a large molecules and small particles 


) 

DELMONTE, 
adhesives (B) 

Deming, Horace G. Fundamental chem- 
istry: an elementary textbook for 
college classes (B) 

Guinea pigs in the classroom (Ar) 
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Devor, Artuur W. (C) 

Dickinson, THomas A., West Coast editor. 
Plastics dictionary (B) 
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school laboratory (Ar) 
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—— work (Ar) 
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r) 

DuNBAR, Ratpx E. A partial solution for 
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of the chemistry laboratory (Ar) 


EDELSTEIN, SIDNEY M. The role of 
chemistry in the "pap paaang of dyeing 
and bleachin 

EsRET, Md yoy 
grades ( 
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The role of electrons in interatomic rela- 
tions (Ar) 

Erprnorr, Maxweut Lerten. The search 
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E.uts, CARLETON, 
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Exvine, Pate J. Introdyction (Ar) 
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Evans, Ratpp M. An introduction to 
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Evans, Warp V., ano F. P. CassaRETTo. 
A modification of the Victor Meyer 
molecular weight apparatus (Ar) 


np M. W. Swaney. 
f plants. Second edi- 


FAWCETT, HOWARD. Hydrogen oe 
fide—killer that may not stink (Ar).. 
Fernststn, H. I. (C) 
Frrrerra, Ricarpo CarvaLHo. A note on 
plastic and allotropic forms of sulfur 


(Ar) 

Finuineer, Harristr H. The effect of 
temperature on reactions in gels—an 
honors course problem (Ar) 

FInpiay, ALEXANDER. Chemistry in the 
service of man. Seventh edition (B).. 

Finx, Coutin G. Fundamentals in applied 
electrochemistry (Ar) 

Finney, . Probit analysis: a statis- 
tical treatment of the Sigmoid Response 
Curve (B) 

Fisner, VIRGINIA Ww. <eonpations’ guid 
ance in high-school chemistry (Ar) 
ForsytHt, Wiviiram E., ano Exusot ‘2. 
Apams. Fluorescent and other gaseous 

discharge lamps (B) 
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Francis, R. J.—See Hicks, 8. 
Frencu, Sipney J. The need for a new 





approach to science teaching (Ar)..... 213 
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Fries, ArtHUR H.—See BERKEBILE, J. M. 
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Furman, N. Howey. The introductory 
course in quantitative analysis (Ar).. 587 

Furnas, C. C., Editor. Research in in- 
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F sa REYNOLD C.—See SHRINER, RALPH 

GARARD, IRA D. An introduction to 
organic chemistry. Third edition (B). 703 

GARRETT, Proficiency in general 
chemistry (Ar) 24 

Visualization: A s 
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GIBB, THOMAS R. P., Jk. Hydrides (Ar).. 577 
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GLassTONE, SAMUEL. Oxidation numbers 
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—See LaipLer, Keita, J. 
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Chemistry in our time (B)........... 238 

GuockLER, RusBy C.—See GLOcCKLER, 

EORGE. 

Goparp, H. P.—See Spooner, R. C. 
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—See SPILLANE, LEO J. 

Gorter, C. J. Paramagnetic relaxation 206 
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So eo Sea 229 

A simple still-head (Ar)................ 465 
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The nomenclature of colloid chemistry 
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HILDEBRAND, Joe, H. Ammonia as a sol- 
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Hitt, O. F.—See Auprixrta, L. F. 
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HouimeEs, Epwarp O., Jr. Anew type high- 
capacity general eer laboratory 
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Joyner, Austin. New methods as teach- 
PE GE TE oi db cose cixateeee cs own 


KALICHEVSKEY, V. A. (C) 
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